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Abstract

In the acute phase of stroke, ischaemic brain may be particularly vulnerable to mild hypoxia

or hypotension which could lessen the potential for neuronal recovery and hence a good

outcome after stroke. Particular causes for concern are: hypoxia and hypotension resulting

from routine positioning in bed (for immobile patients); and aspiration and chest infections

associated with impaired swallowing and respiratory control. Positioning and feeding

strategies are largely nursing responsibilities; there is little evidence that current practices are

optimal or evidence based to achieve the best possible outcome for patients.

The aim of this thesis was to evaluate the influence of nursing practices for patient

positioning and feeding in the acute phase of stroke on oxygenation, blood pressure and heart

rate to see whether potentially serious hypoxic and hypotensive episodes were occurring,

which if avoided, might improve neurological and general physical outcome after stroke.

This thesis included a thorough systematic review of all previous studies to measure

physiological variables during the positioning or feeding of stroke patients. The review

highlighted that a new study was necessary as previous studies included a number of serious

methodological issues, such as patient selection, small sample size, equipment and

measurement differences, and confounding. The thesis also considered the most accurate

and clinically relevant way to measure physiological variables in acute stroke patients, who

are often agitated, confused, incontinent and extremely sick. Finally, it describes the results

of two observational studies that were conducted in parallel and included over 300 acute

stroke patients and control subjects. Both these studies were sufficiently powered to identify

statistically significant and clinical relevant changes in oxygenation, blood pressure and heart

rate during routine positioning and feeding of acute stroke patients by nurses.
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Chapter One

Chapter One: Nursing care of acute stroke patients

1.1. Introduction

1.1.1 Burden ofStroke

Stroke is one of the leading causes of death and permanent disability. World wide

over four million people die of a stroke every year (Murray & Lopez 1997). Studies

of mainly Caucasians in Western countries have shown that the age and sex

standardised incidence of first-ever in a lifetime stroke is about four per 1000 per

year in those aged between 45 to 84 years (Sudlow & Warlow 1997). Prevalence

estimates suggest that three times that many people in the community suffer the after

effects of a stroke (Aho et al. 1986).

Stroke absorbs a considerable proportion of health care budget (Aboderin, Venables,

for the pan European consensus meeting on stroke management 1996). In Scotland

for example, stroke accounts for 6% of hospital costs and 5% of the entire National

Health Service (NHS) budget (Isard & Forbes 1992). The most expensive

component of hospital stroke care is nurse salaries, which account for 81% of the

total expenditure (Dennis et al. 1995).

1.1.2 The aim of this thesis

Despite the long hours nurses spend with stroke patients, there is little evidence on

how what they do contributes to the patient's recovery (Gibbon 1993). In fact, now

that there is a better understanding of the pathophysiology of acute stroke, there is

1



Chapter One

concern that nurses may inadvertently put patients at risk of further cerebral damage

(Bratina et al. 1997). The aim of this study was to evaluate scientifically whether

potentially serious events, such as hypoxia and hypotension, occur during standard

nursing procedures. If such events are occurring, avoidance of them might improve

the chance of a better neurological and general physical outcome after stroke.

1.2 The definition and pathophysiology of acute stroke

Stroke is a clinical syndrome and has been defined by the World Health Organisation

(WHO) (1998):

"rapidly developing clinical signs of focal (at times global) disturbances
of cerebral function, lasting more than 24 hours or leading to death with
no apparent cause other than that of vascular origin."

The majority of strokes fall into one of two main categories. The first and most

common (about 80% of all strokes), is ischaemic stroke (i.e. infarction); this is due to

inadequate blood supply to part of the brain as a result of either a thrombus or

embolus (Bamford et al. 1990). The second category is haemorrhagic stroke, which

either involves bleeding into the brain parenchyma, an intracerebral haemorrhage

(about 15% of all strokes), or subarachnoid space (about 5% of all strokes) (Bamford

et al. 1990).

This section will focus on the complex pathophysiological cascades that run in

sequence (and in parallel) during ischaemic stroke. It is important to note that

experimental studies have shown that in haemorrhagic stroke, the rim around the

haemorrhage may also be ischaemic, probably as a result of increased intracerebral

2
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pressure and to some extent the release of vasoactive substances (Mendelow 1993).

Thus it is not unreasonable to assume, and there is some evidence to suggest, that the

ischaemic zone around the haemorrhage also undergo similar pathophysiological

processes as those of focal ischaemia (Mackenzie & Clayton 1999).

The pathophysiological events of cerebral ischaemia will be described in terms of

cerebral blood flow regulation, thresholds of cerebral ischaemia and consequent

biochemical disruptions.

1.2.1 Cerebral bloodflow regulation

The nerve cells in the brain will die within five minutes without a continuous and

adequate supply of oxygen and nutrients in the cerebral circulation (Harper 1990).

Therefore, factors controlling cerebral blood flow are of considerable importance.

Under normal conditions, mean arterial blood pressure (MABP) can be altered over a

fairly wide range (between about 50 and 160mmHg) without affecting cerebral blood

flow (CBF) Paulson This phenomenon is known as "autoregulation", which can be

defined as (Harper 1990):

"intrinsic ability of cerebral resistance vessels to alter their calibre (i.e.
vasodilatation or vasoconstriction) and maintain constant blood flow in
the face of alterations in perfusion pressure."

This is effected by vasodilatation of the pial arterioles during decreases in MABP

and vasoconstriction during increases in MABP (Harper 1990). However, ifMABP

falls below the critical level of about 40-50mmHg the compensatory vascular change

does not occur and cerebral blood flow parallels systemic blood pressure (Warlow et

al. 1996). If the MABP continues to fall, a state of cerebral "ischaemia" exists:

3
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neuronal function ceases, flow becomes inadequate to meet metabolic demands; and

cellular metabolism is impaired (Strandgaard & Paulson 1984). At present, the

mechanism of cerebral autoregulation remains unknown, but metabolic, myogenic,

and/or neurogenic responses may be responsible (Harper 1990). Over the years there

has been accumulating evidence to suggest that the release of the endothelium-

derived relaxing factor (EDRF), which has been identified as nitric oxide, and

contractile factor (EDCF) by endothelium may contribute to cerebral autoregulation

(Paulson et al. 1990). Indeed a recent study including six healthy subjects using a

transcranial Doppler technique found that nitric oxide is required for "dynamic

cerebral autoregulation" (see below) (White et al. 1998).

Conventionally, studies of cerebral autoregulation have looked at the relationship

between cerebral blood flow and cerebral perfusion pressure or BP under steady-state

conditions (Tiecks et al. 1995). This "static" view of autoregulation assumes that if it is

impaired cerebral blood flow changes significantly with either an increase or decrease

in BP, but is said to be intact if blood flow is maintained. This static method evaluates

the overall effect (efficiency) of the autoregulatory action, but it does not take into

consideration the time course of changes in cerebral blood flow following changes in

BP (Panerai 1998). Methods used to evaluate static cerebral autoregulation are time-

consuming, involves invasive techniques (i.e. Kety-Schmidt technique) and

manipulations of the BP using vasoactive medications (Tiecks et al. 1995). Also, a

recent review ofmethods assessing cerebral autoregulation in humans found there were

significant variations in measurement techniques of static autoregulation (Panerai

1998). The author highlighted that many of these techniques are not suitable for stroke

4
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patients because the BP change induced could theoretically result in further cerebral

ischaemia (Panerai et al. 1998).

More recent studies have highlighted that cerebral autoregulation is a feedback control

system (Diehl et al. 1995). This means that when sudden changes of BP take place, it is

expected that the return in cerebral blood flow to its original level will take a finite

length of time to complete. These transient changes in cerebral blood flow velocity

following rapid changes in BP are described as "dynamic autoregulation" (Aaslid et al.

1989). Aaslid et al suggested a non-invasive approach to evaluate cerebral

autoregulation in humans (Aaslid et al. 1989). Bilateral thigh cuffs are inflated supra-

systolically and then suddenly deflated to induce a transient fall in BP. The fall in BP

results in an associated fall in blood flow velocity in the middle cerebral artery, which

is determined with transcranial Doppler. Aaslid et al (1989) found that whilst the BP

remained low, the blood flow velocity returned to the pre-test level. After this phase,

there was an overshoot in blood flow velocity while BP returned to normal. It has been

suggested that such a technique may be more clinically relevant than static

autoregulation methods in patients with stroke, because the transient BP changes are

likely to be more similar to those occurring in patients on a day-to-day basis than the

large BP changes induced during static autoregulatory testing (Panerai et al. 1998).

However, many stroke patients may find the inflation of the cuffs painful and the fact

that the procedure needs to be repeated several times is likely to increase the patient's

overall discomfort.

Advances in the methodology and electronic software to measure cerebral blood flow

have led to the realisation that this autoregulatory mechanism is significantly disturbed
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after stroke. It has been shown that in the first weeks to months after ischaemic stroke,

there is disruption of cerebral autoregulation and alteration of the vasodilatator

responses to, for example, hypercapnia (i.e. cerebral vasoreactivity) (Iadecola 1998).

This is also known as "vasomotor paralysis". This phenomenon results in a passive

pressure-flow relationship between BP and cerebral perfusion pressure (Iadecola 1998).

The cerebral perfusion pressure is therefore susceptible to changes in BP and this may

alter the balance between substrate delivery and utilisation in the brain. This increase

in the vulnerability of the brain may play a role in the post-ischaemic extension of the

damage initiated by cerebral ischaemia.

1.2.2 Thresholds ofcerebral ischaemia

In 1948, Kety and Schmidt found that normal cerebral blood flow in humans was

approximately 53ml/100g per minute (Kety & Schmidt 1948). Twenty-five years

later, it was discovered that in man the threshold for brain electrical failure

(attenuation in electroencephalograms, EEG) was about 15 to 18 ml/ lOOg per minute

(Sharbrough et al. 1973). This range has proved to be relatively constant in

numerous animal models anaesthetised with various agents (Heiss 1992;Meyer et al.

1987). This flow level has been regarded as critical threshold for electrical failure in

the cerebral cortex (Astrup et al. 1981). At this level the patient usually develops

symptoms of neurological dysfunction, such as faintness (if there is global

ischaemia) or hemiparesis (if there is focal ischaemia) (Warlow et al. 1996). At this

stage, the neurones remain viable and recover function if perfusion is restored

(Astrup et al. 1981).
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When the flow threshold of electrical failure was first described it was not clear how

the energy-state and hence neuronal ion homeostasis were affected at these critical

levels of flow. Since oxygen uptake at the electrical threshold supposedly was

somewhat reduced, energy failure with efflux of cellular potassium and membrane

depolarisation was thought to be the cause of electrical failure (Siesjo 1992a).

However, studies in the baboon showed that extracellular potassium concentration

remained normal or only slightly elevated at the threshold where electrical function

ceased (Symon et al. 1977). Increase in extracellular potassium concentration,

indicative of ion pump failure, did not occur unless local blood flow was further

reduced approximately below lOml/lOOg per minute (Heiss 1992). In such a milieu

extracellular potassium ions (K+) rapidly increases due to efflux of potassium from

the cells. Further studies in the rat, which used hypotension to induce ischaemia,

found a significant difference in the MABP levels separating the thresholds of

electrical failure and of ionic failure (46mmHg and 32mmHg respectively) (Astrup et

al. 1979). This suggests that cerebral ischaemia is a progressive, not an "all or

nothing", event. The threshold of ionic failure is presumed to be the cerebral blood

flow at which the "ischaemic cascade" precedes and irreversible neuronal damage

rapidly occurs (Astrup et al. 1981).

1.2.3 Loss biochemical homeostasis

The biochemical events that occur during ischaemia are multifactorial and are

commonly called the "ischaemic cascade" (Siesjo 1992a). The human brain has a

high metabolic demand for energy. In homeostatic conditions, the brain uses about

75-100mg per minute of glucose as its sole substrate for adenosine triphosphate
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(ATP) synthesis, however ketones can be utilised during periods of starvation (Siesjo

1992a). Glucose is not stored in neurones in any significant quantity and a reduction

in the delivery of glucose to the neurones rapidly leads to neuronal energy failure.

Since oxygen is required for ATP production via the mitochondrial respiratory chain

(oxidative phosphorylation), cerebral blood flow falls below a critical level and

rapidly devastates ATP production with loss of sufficient glucose to the tissues and

inadequate oxygen available for any glucose that is present to be metabolised

efficiently. In the absence of adequate glucose and molecular oxygen, the

subsequent fall in ATP results in anaerobic glycolysis. This still leads to the

formation ATP, but the energy yield is relatively small (2M rather than 36M of ATP

from 1 M of glucose) and it produces lactate acid.

One of the pathways that result in irreversible neuronal damage after a stroke is

thought to be due to an increase in intracellular calcium (see Figure 1.1) (Albers

1997). In the normal neurone, there is an unequal distribution of physiological ions

between intra and extracellular compartments as a consequence of passive and

energy driven ion flux across the membrane resulting in a membrane potential. This

uphill transport depends directly or indirectly on ATP hydrolysis. This keeps the

major intracellular cation, potassium (K+) ions, within the cells and the major

extracellular cations, sodium (Na+) ions and calcium (Ca+) ions, outside the cells.

The initial event in ischaemia is thought to be the failure of ATP-dependent Na/K+

ion transport. As a consequence of lactic acid production, hydrogen (H+) ions

accumulate within and outside the cells, which results in cell membrane

hyperpolarisation. This results in K+ ions to leave the cell and Na+, chloride (CP)

2+and calcium (Ca ) ions to enter the cell, which leads to membrane depolarisation
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and opening of voltage dependent calcium channels (see Figure 1.1). The resulting

increase in intracellular calcium causes the release of excitatory neurotransmitters

from the presynaptic neurone (notably glutamate) (Siesjo 1992b,Sweeney et al.

1995). These neurotransmitters then cause an increase in intracellular sodium with

cellular swelling (cytotoxic oedema) and further calcium entry. This massive

increase in intracellular calcium also has a number of consequences, in addition to

increasing the rate of ATP depletion, which will ultimately result in neuronal cell

death (Sweeney et al. 1995). These include:

1. Activation of Ca2+ dependent hydrolytic enzymes, resulting in intracellular

damage.

2. Activation of secondary messenger pathways resulting in alteration in gene

expression.

3. Increasing the production of reactive oxygen species (e.g. superoxide, O2" and

radical hydroxyl, OH") through a number of mechanisms such as activation of

phospholipase C initiating an arachidonic acid cascade of toxic free radical

production.

1.2.4 The "ischaemicpenumbra"

Symon and co-workers were the first to observe that between the two thresholds of

electrical and ionic failure there is a small range of cerebral blood flow which,

despite functional loss, maintains neuronal membrane homeostasis and structural

integrity, i.e. the neurones are alive but 'shut-down' (Symon et al 1977). In focal
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ischaemia, this flow range corresponds to a region lying between the dead neurones

in the infarct core and the normal brain (Hossman 1994). This area of "misery

perfusion" where neuronal function is depressed and the metabolic demands of the

tissue are not being met has led to the concept of an "ischaemic penumbra" (Heiss et

al. 1993;Strong et al. 1983). The term "penumbra" is analogous to the partly

illuminated area around the complete shadow of the moon in a full eclipse (Astrup et

al. 1981).

Neuronal viability in the penumbra is known to vary considerably both within and

between species (Fisher & Garcia 1996). Serial positron emission tomography

(PET) imaging of cats with middle cerebral artery occlusion (MCAO) showed that

there was a reduction in cerebral blood flow in the ischaemic zone migrating from

the centre core to the periphery over four hours (Heiss et al. 1994). The PET studies

found that there was a mismatch of flow and metabolism in the penumbra region

(Heiss et al. 1993). Perfusion failure during the initial stages of focal ischaemia

manifests itself as a decrease in cerebral blood flow, with regional cerebral metabolic

rate for oxygen and glucose remaining fully or relatively preserved (Hossman 1994).

Similar changes have been documented in primates with MCAO occlusion occurring

over three to four hours (Pappata et al. 1993). However, Touzani et al demonstrated

that in primates these changes may actually take place over 24 hours (Touzani et al.

1995). Furthermore, a recent PET study found that there was prolonged persistence

(>17 hours) of potentially viable brain tissue in humans with ischaemic stroke

(Marchal et al. 1996).
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The new magnetic resonance (MRI) techniques of diffusion weighted imaging

(DWI) and perfusion weighted imaging (PWI) are thought to demonstrate the

existence of the "ischaemic penumbra" (Fisher et al. 1992). Diffusion imaging

exploits the fact that metabolic disturbances associated with focal ischaemia result in

a rise in cell osmolarity (cytotoxic oedema), but it is the decline in fluid volume in

the extracellular space that is thought to be detected using DWI (Back et al. 1994).

Within a few minutes after the onset of ischaemia, DWI detects localised brain injury

as a hyper-intense region (Hasegawa et al. 1994). Reversal of this early hyper-

intensity by blood flow restoration occurs in experimental models of temporary focal

ischaemia (Kohno et al. 1995). The reversibility or irreversibility of ischaemic brain

tissue damage is determined both by the severity and the duration of cerebral blood

flow reduction (Hasegawa et al. 1994). Kohno et al demonstrated that after 30

minutes of MCAO in rats, the outer margin encompasses a region that is more than

twice as large as that in which ATP is depleted (i.e. ischaemic core of irreversibly

damaged tissue) (Kohno et al. 1995). After two hours, this ratio declines and after

seven hours the penumbra has disappeared and is now part of the irreversible

damaged infarct core, as confirmed by autopsy (Kohno et al. 1995). In humans the

situation appears to be more complex. In patients with ischaemic stroke, the initial

extent of brain lesion, identified by DWI, is smaller than the amount of abnormal

tissue perfusion identified by PWI (Fisher et al. 1992). This early mismatch between

the diffusion and perfusion lesion volumes in acute stroke patients suggests that the

region with a perfusion deficit (reduced blood flow) and without diffusion imaging

abnormality might represent the "ischaemic penumbra" (Fisher & Garcia 1996).
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However, this needs to be validated in a larger series, because to date the studies

using DWI technology have been relatively small (include less than 20 patients).

The reason for the expansion of tissue injury into the penumbra may be due to the

occurrence of spreading depression-like depolarisations spreading from the necrotic

core to the peripheral zone (Nedergaard & Astrup 1986). These spreading

depression depolarisations are thought to occur as a result of the massive increase in

glutamate release during the "ischaemic cascade", primarily via receptor mediated

calcium channels such as the N-methyl-D-aspartate (NMDA) (Figure 1.1). If

spreading depolarisations do occur in human stroke (as yet this is not proven), their

inhibition by NMDA antagonists might reduce neuronal damage. Other therapies

directed at halting the pathophysiological cascade, particularly the generation of

oxygen free radicals, nitric oxide generation and the recruitment of PMN leukocytes,

are currently under investigation (Fisher & Bogousslavsky 1998).

The neurones in the "ischaemic penumbra" with already greatly reduced cerebral

blood flow, are thought to be vulnerable to any further fall in cerebral perfusion

pressure. For example, hypovolaemia secondary to dehydration, medications that

cause hypotension or even, standing up too quickly may exhaust the perfusion

reserve (Warlow et al. 1996). Therefore, the improved survival of the penumbral

neurones may depend on avoidance of these "secondary insults". However, many

things are not known about the penumbra, making therapeutic intervention difficult.

For example:

• How large it is?
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• How long it is likely to remain in this potentially reversible state (i.e. how long

does it need protecting)?

• How much recovery is likely if flow is restored?

• How important is it to the functional recovery of the patient?

Thus recognition of the concept of the penumbra, in which the maintenance of

critically reduced cerebral blood flow depends on perfusion pressure, means that it is

important to avoid manoeuvres that may reduce cerebral blood flow and oxygenation

and thereby reduce the chance of neuronal recovery.

1.3 The vulnerable brain - "secondary insults"

1.3.1 Evidence from head injury studies

Over the last 20 years, studies conducted in head injury patients (another form of

acute brain injury) subjected to autopsy have shown that "secondary" ischaemic

brain damage, probably as a result of systemic factors such as hypoxaemia or

hypotension, is common (Graham et al. 1989;Graham et al. 1978). Other studies

considered those patients with a head injury who "talk and die", i.e. the primary

injury was not considered to be severe, but subsequent events result in fatal or

disabling cerebral injury (Rose et al. 1977;Reilly et al. 1975). These studies

introduced the possibility of avoidable secondary brain damage (Jones et al. 1994).

On arrival at hospital, up to 44% of patients with a severe head injury have

hypoxaemia (Pa02 <60mmHg or Sa02 <90%), hypercarbia (PaC02 >45mmHg)
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and/or hypotension (mean arterial blood pressure <90mmHg) (Miller et al. 1981).

All of these systemic insults have been associated with significant increases in

mortality and morbidity mediated by increased brain damage (Miller et al.

1981;Miller et al. 1978). Other studies have shown that these patients are fairly

susceptible to systemic insults on transport within the hospital, mostly between

intensive care unit (ICU) and the CT scanning suite (Andrews et al. 1990). Andrews

and colleagues found that in 35 head-injured patients there was a frequency of

systemic insults of more than 50% during transit and for the subsequent four hours

on return to the ICU (Andrews et al. 1990). Certainly, patients who experienced a

high number of adverse systemic events are likely to have a reduced chance of a

good clinical outcome. For example, a recent study of continuously monitored head-

injury patients on the ICU found that episodes of hypoxia, hypotension and pyrexia

(>38°C) were associated with an increased chance of death at 12 months (Jones et al.

1994). However, one of the greatest problems in this area is the potential

confounding of cause and effect in the relationship between level of BP and/or SaC>2

and severity of head injury. Certainly, the authors found that hypoxia and

hypotension were more common in patients with severe head injury (Jones et al.

1994). Moreover, there may be a burden of undetected or unreported systemic

hypoxia and/or hypotension before admission to hospital. Also, it is important to

note that in observational studies in which patients are managed with an intention to

prevent and treat insults, little can be inferred about causative relations between

secondary insults and outcome (Signorini et al. 1999). The fact that hypoxia and

hypotension was associated with death does not necessarily imply that treatment to
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prevent these episodes will improve outcome. These questions can only be answered

in a randomised controlled trial of adequate size (Signorini et al. 1999).

1.3.2 "Secondary insults" in acute stroke

1.3.2.1 Worsening after stroke

Patients may exhibit a falling level of consciousness, worsening of existing

neurological deficits or develop new deficits indicating dysfunction in another part of

the brain, hours or even days after the initial presentation. In several prospective

hospital based studies the frequency of stroke worsening ranged from 20% to 40%

shortly after stroke onset (Toni et al. 1995;Davalos et al. 1990;Britton & Reden

1985). However, the large number of terms, including "stroke in evolution", "stroke

in progression", and " progressing stroke", used to describe this situation make it

difficult to compare studies (Asplund 1992;Gautier 1985).

Much of the deterioration seen in patients with acute stroke may be due to

intracerebral processes such as haemorrhagic transformation of the infarct, recurrent

infarction and oedema formation (Bamford et al. 1990). Risk factors of early

progression include systemic processes, such as hypotension, hypertension,

hypoxaemia, hyperthermia, and elevated blood glucose on admission (Reith et al.

1996;Jorgensen et al. 1994;Davalos et al. 1990). Early deterioration is associated

with increases in infarct size and poorer outcomes clinically (Reith et al. 1996).

Thus, avoidance of adverse systemic changes may improve clinical outcome after

stroke.
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In patients admitted to hospital with an acute stroke, blood pressure (BP) is

frequently high (in up to 75% of patients in some studies) (Bath & Bath 1997). The

mechanisms for hypertension in acute stroke are complex and may be as a result of a

number of factors including: mental stress of hospital admission and "white coat"

hypertension; central mechanisms; neuroendocrine factors, the topography of the

lesion, and/or the Cushing reflex (i.e. hypertension secondary to raised intracranial

pressure) (Harper et al. 1994;Carlberg et al. 1991a;Jansen et al. 1988;Hayashi et al.

1984;Meyer et al. 1974). However, it remains unresolved whether post stroke

hypertension represents a pathophysiological response to maintain cerebral perfusion

of reversibly damaged neuronal tissue or is a marker of the severity of stroke and the

risk of further clinical progression (Phillips 1994;Dutka et al. 1987;Loyke 1983). In

view of the limited randomised evidence, it remains unclear whether hypertension

should or should not be treated (Terayama et al. 1997). Based on experimental

models of "autoregulation", most authorities discourage the use of antihypertensives

in the acute phase of stroke except in cases of hypertensive encephalopathy (Bath &

Bath 1997;Blood pressure in acute stroke collaboration 1997;Phillips & Whisnant

1992). This is because chronic hypertension, common in many stroke patients, often

results in the lower end of the autoregulation curve being shifted towards high

pressure, i.e. patients may develop ischaemic symptoms at higher MABPs

(<70mmHg) (Strandgaard et al. 1973). Cerebral autoregulation also tends to become

less effective with age, probably as a result of impaired baroreceptor sensitivity

(Gross 1970;O'Appenzellar & Descarries 1964). Thus, elderly people and therefore,

many stroke patients may be more likely to develop signs of cerebral ischaemia
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induced for example by postural change (Wollner et al. 1979;0'Appenzellar &

Descarries 1964). In acute stroke, perfusion pressure may be below the lower limit

of cerebrovascular autoregulation distal to the site of arterial occlusion (Robinson et

al. 1997). Therefore changes in systemic BP will be followed by similar changes in

CBF, which are likely to persist for several weeks or months after the initial event

(Mori et al. 1993;Skinhoj et al. 1970). Hence, reducing BP may reduce CBF to the

"ischaemic penumbra" thereby potentially increasing cerebral damage and worsening

outcome.

Observational data relating to BP and stroke outcome have produced conflicting

evidence. Carlberg and colleagues found admission BP to be unrelated to clinical

outcome except in patients with poor conscious levels, in whom increased BP was

associated with a worse prognosis (Carlberg, Asplund, & Hagg 1993).

Haemorrhagic stroke patients with an extremely high mean BP on admission were

also less likely to survive (Terayama et al. 1997;Danapani et al. 1995). Conversely,

high BP collected on admission has been associated with a favourable outcome and

may well reduce the risk of early stroke worsening (<12 hours from stroke onset)

(Jorgensen et al. 1994;Allen 1984). Another study found that 30 stroke patients,

some of whom had multiple cerebral stenosis, improved neurologically when their

BP was elevated pharmacologically using phenylephrine (Rordorf et al. 1997).

These results should be viewed with caution however, as the treatment was not

randomised and the data was collected retrospectively (Rordorf et al. 1997).

Prospective evidence from the International Stroke Trial (1ST) Collaborative Group

has shown that both high and low systolic BP collected on admission is associated

with early death (death <14 days) in patients with ischaemic stroke; as a result, a U-
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shaped curve appears to relate outcome at two weeks and BP (see Figure 1.2)

(Signorini et al. 1999b;Phillips et al. 1995). However, a poor outcome at six months

was only associated with low values of systolic BP, not high values (see Figure 1.3)

(Signorini et al. 1999b).

Frequently, BP falls in the first few minutes, hours and days in most stroke patients

without intervening medications (Harper et al. 1994;Carlsson & Britton

1993;Boderick et al. 1993;Carlberg et al. 1991b;Jansen et al. 1987;Britton et al.

1986;Wallace & Levy 1981). Blood pressure may remain elevated for longer in

patients with haemorrhagic stroke, however spontaneous reductions in BP over the

first week have still been observed (Harper et al. 1994;Carlberg et al. 1993). In

patients with pre-existing hypertension the fall in BP is less marked than those

without (Lisk et al. 1993). Carlberg et al reported that the profile of BP change was

similar in patients who were admitted to hospital within a few hours of stroke and of

those whose admissions were delayed for up to a week (Carlberg et al. 1991a). They

speculated that the initial rise then fall in casual BP recordings (i.e. using a

sphygmomanometer) is merely an indication of the stress of hospital admission

and/or BP measurements, i.e. "white coat hypertension". However a study by Harper

et al (1994), using 24-hour ambulatory BP monitoring to abolish the "white coat

effect", found there was a small fall in BP that was independent of the stress of

hospital admission and BP measurements. Therefore, it is not unreasonable to

assume that this fall in BP may be of prognostic significance. In fact, one recent

study, including 481 ischaemic stroke patients, found that a moderate drop in BP

(30% from baseline values) almost tripled the odds of a full recovery compared with

patients whose BP did not decline (Chamorro et al. 1998). Therefore, it is possible
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that the initial rise in BP may help to maintain cerebral perfusion, whereas the

subsequent fall in BP may prevent brain oedema from developing thereby facilitating

a good recovery from the stroke (Chamorro et al. 1998;Harper et al. 1994).

Bath and Bath (1997) described three of hypotheses linking acute changes in BP with

changes in outcome after stroke:

1. Small reductions in BP may be associated with an improved outcome for those

systematic vasodilators that selectively dilate cerebral vessels thereby potentially

improving cerebral blood flow.

2. Drugs that increase BP and cerebral blood flow (in the absence of autoregulation

around the infarct) may improve outcome.

3. Any reduction in BP, however small, may worsen outcome by reducing collateral

blood flow to the ischaemic penumbra to levels below 20ml/100g/min (when

neurones become electrically silent) or even 12ml/100g/min (when neurones die)

thereby potentially extending the infarct and worsening outcome.

Bath and Bath (1997) also point out that there is potential confounding of cause and

effect in the relationship between the level of BP and other patient features, e.g.

baseline BP, stroke type, size and severity, heart rate, carotid stenosis and

hyperglycaemia.

Unfortunately there is little systematic experience of BP modification in the acute

phase of stroke (Reid 1993). The 'Blood Pressure in Acute Stroke Collaboration

19



Chapter One

(BASC)' aims to determine whether the "therapeutic lowering or elevation of BP is

safe and effective in reducing case fatality and functional dependency after stroke"

(Bath & Bath 1997). Phase one, is a systematic review of whether deliberately

lowering or elevating BP is safe and effective in reducing early and late death. This

was first published in 1997 by the Cochrane Collaboration Stroke review group

(Blood Pressure in Acute Stroke Collaboration, BASC, 1997). The authors found

only three small Randomised Controlled Trials (RCTs) trials involving 133 patients

and five different drug protocols to lower BP. There were no trials of deliberate BP

elevation. Thus, there were too few data to determine the relationship between BP

and outcome in this systematic review. This systematic review will be updated in the

light of new evidence, such as that from the ongoing multicentre randomised

controlled trials like the Acute Candesartan Cilexetil Evaluation in Stroke Survivors

(ACCESS) trial, which aims to evaluate the relationship between BP lowering and

stroke outcome (Schrader & Dominiak 1999).

Phase two of the BASC systematic review is almost complete and includes all RCTs

of drugs used in acute stroke treatment where the "primary aim of the trial was to

assess the effect of the drug on outcome but where the drug can be expected, on

pharmacological grounds, to alter BP" (Bath & Bath 1997). This indirect data will

include trials of intravenous and oral nimpodipine, which may be associated with an

increase in the risk of early death and the likelihood of a poor long-term outcome

(Wahlgren et al. 1994;Mohr et al. 1994). Finally, the authors also plan to complete

phase three, which will include a systematic review of all the individual patient data

relating to trials identified in phases one and two (Bath & Bath 1997;FIarper et al.

1994). These reviews may or may not be able to determine whether altering
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systemic BP is beneficial or detrimental to patients, but they may at least facilitate

the design of a large relevant trial (Bath & Bath 1997).

Despite the considerable confusion over how to treat BP, one cannot ignore the

possibility that a more rapid BP reduction, for example due to postural change, might

cause increased ischaemic damage. For example, in a cat stroke model reduction in

BP of as little as 5mmHg alters brain function (Date et al. 1984). Therefore, until

there is evidence from large randomised controlled trails of BP management in acute

stroke, it is probably premature to assume that any major increases or decreases in

BP are safe in the acute phase of stroke (Bath & Bath 1997, Blood Pressure in Acute

Stroke Collaboration, BASC, 1997).

1.3.2.3 Hypoxaemia

At present, there is virtually no information in the literature regarding the frequency

of hypoxaemia after stroke. A study including 16 stroke patients found that they had

a significantly lower arterial oxygen (Pa02) and carbon dioxide (PaCC^) tension than

age matched control subjects (absolute difference for both values between the two

groups was lkPa) (Walshaw & Pearson 1994). Many of the stroke patients in this

study, all of whom had severe hemiplegia, were mildly hypoxic in the first 24 hours

(Walshaw & Pearson 1994). When these patients received supplemental oxygen

therapy, the difference in PaC>2 and PaC02 disappeared between the two groups

(Walshaw & Pearson 1994). A study including 39 alert stroke patients, found that

they were unlikely to have arterial oxygen saturation (Sa02) less than 90% during

wakefulness, i.e. they were non-hypoxic (Bassetti et al. 1997). A recent quasi-
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randomised trial showed that 550 non-hypoxic stroke patients had a similar outcome

whether they had been given supplementary oxygen for the first 24 hours after

hospitalisation or not (Ronning & Guldvog 1999). In fact, the study found patients

with minor or moderate stroke had a better outcome if they did not receive this

treatment (Ronning & Guldvog 1999). It is important to note however, that the

authors randomised the patients according to the patients date of birth. Therefore,

the study was subject to observer bias, i.e. if the clinician was not happy for a

particular patient to receive the treatment allocated to them he could avoid entering

them in the trial (Ronning & Guldvog 1999).

Despite the seriousness of breathing problems, there is little information available on

the incidence of respiratory insufficiency in the acute phase of stroke. Primary

involvement of the lungs is rarely associated with neurological syndromes (Smith &

Hind 1988). However, severe respiration problems can arise indirectly, either from

disordered ventilatory control by the brain stem, from weakness of the respiratory

muscles or from coexisting cardiopulmonary disease (Smith & Hind 1988).

Impaired breathing control as a result of the stroke often depends on the size and

topography of the lesion (Bassetti et al. 1997). The cortex and corticospinal system

control voluntary respiration, whereas automatic respiration depends on the

hierarchically organised structures in the brainstem (Askenasy & Goldhammer

1988). Thus the effects of hemispheric lesions are more likely to affect volitional

breathing, evident during wakefulness, whereas impaired automatic breathing

resulting from infratentorial strokes may become evident only during sleep, such as

'Odine's syndrome' (Bassetti et al. 1997;Bogousslavsky et al. 1990).
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Stroke affecting the cerebral hemispheres is thought to influence respiratory function

only to a modest degree (Bogousslavsky et al. 1990). Both reduced chest wall

movement and reduced diaphragmatic excursion contralateral to the stroke have been

reported (Similowski et al. 1996;Fluck 1966). As a result of abdominal muscle

impairment, as well as a reduction in the strength of the inspiratory muscles,

coughing may also be impaired (Good et al. 1996). Therefore it is not surprising that

pneumonia is a frequent complication associated with up to 34% of stroke related

deaths (Vingerhoets & Bogousslavsky 1994).

Cheyne-Stokes respiration, a "pattern which hyperventilation periodically waxes and

wanes with apnoea," is associated with bilateral or brainstem strokes and with a poor

chance of survival (Polkey et al. 1999;Brown & Plum 1961). For example, when the

stroke involves the dorsolateral medulla, the ensuing apnoea can lead to death within

weeks to months after the event (Vingerhoets & Bogousslavsky 1994). A dramatic

cause of death occurs as a result of transtentorial herniation caused by cerebral

oedema. As herniation progresses, the respiratory pattern changes from normal

breathing to Cheynes-Stokes respiration followed by irregular breathing that

immediately precedes death (Vingerhoets & Bogousslavsky 1994). More recent data

has shown that Cheyne-Stokes respiration is common in stroke in general, thus

implying that it is not always a hopeless prognosis (Nachtmann et al. 1995). One

study including 32 conscious stroke patients, found that 17 (53%) had Cheyne-

Stokes respiration with concomitant drops in oxygen saturation (Nachtmann et al.

1995). This was not related to brain damage in any specific anatomical site

(Nachtmann et al. 1995). Cheyne-Stokes respiration is also common in stroke

patients who have other co-morbid conditions, such as heart failure (Polkey et al.
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1999). The mechanisms of periodic respiration remain unknown, but may occur as a

result of an increased response to carbon dioxide (CO2) resulting from the

interruption of normal cortical inhibition (Brown & Plum 1961).

Very few studies have addressed the issue of respiratory dysfunction and prognosis

of patients with stroke. In one small observational study of 39 stroke patients, seven

(18%) had respiratory abnormalities during quiet wakefulness (Bassetti et al. 1997).

Of these, six had a poor outcome in that they were still dependent in the "activities of

daily living" at the time of discharge from hospital (Bassetti et al. 1997). Central

hyperventilation is the only breathing pattern that has been recognised to have

prognostic value (Vingerhoets & Bogousslavsky 1994). Of patients with

hyperventilation, 66% to 100% died in comparison with approximately 50% of those

with Cheyne-Stokes type respiration and fewer than 10% of those with normal

breathing (Vingerhoets & Bogousslavsky 1994). Although the prognostic value of

the identification of tachypnea is recognised, it does not appear to be related to any

specific stroke location and the mechanism leading to its appearance is unclear (Lee

et al. 1974). However, it has been noted that the majority of patients presenting with

tachypnea also have a concurring metabolic acidosis or a lung abnormality

(Vingerhoets & Bogousslavsky 1994). It should also be noted that tachypnea with

hypocapnia is a recognised sign of pulmonary embolism, which is a frequent

complication of stroke and a major contributor to stroke mortality (Oppenheimer &

Hachinski 1992).
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1.3.2.4 Hyperthermia

It has been reported that between 22% and 43% of patients develop fever or

subfebrile temperatures during the first days after stroke (Przelomski et al. 1986).

Often the source of the increase in body temperature is infection, i.e. aspiration

pneumonia or urinary infection (Hendelfelt 1976). Fever induced by the cerebral

lesion per se occurs predominantly after haemorrhagic stroke and may indicate a

disturbance of hypothalamic temperature regulation (Hendelfelt 1976). In animal

stroke models and man, hyperthermia increases the neuronal injury and physiological

dysfunction (Castillo et al. 1994;Maher & Hachinski 1993;Chopp et al. 1992).

Furthermore, Reith and colleagues reported that for every 1°C increase in

temperature the relative risk of a poor outcome increased by 2.2, regardless of the

severity of the stroke (Reith et al. 1996). By contrast, studies in hibernating animals

have long suggested that hypothermia lessens the brain's requirements for oxygen

and nutrients (Maher & Hachinski 1993). This decline in oxygen consumption is

accompanied by a decline in physiological processes such as cerebral perfusion,

metabolic rate, and electrical activity of the brain. Therefore, hypothermia in acute

stroke is now considered to be neuroprotective (Maher & Hachinski 1993). The

mechanisms by which this protection is achieved are not fully understood. Recent

studies have shown that while moderate hypothermia (33°C) does not preserve ATP

or prevent the accumulation of lactic acid, it does confer histopathologic protection

from ischaemia (Busto et al. 1989;Busto et al. 1987). Moderate hypothermia has

been associated with a decrease in the extracellular levels of glutamate during

ischaemia in rats and glycine in rabbits, thus the beneficial effect of hypothermia
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may be mediated at least in part by attenuation of excitatory amino acids (Baker et al.

1991;Busto et al. 1989).

At present, profound hypothermia is applied in neurosurgery and open-heart surgery

to counter the effects of cerebral hypoxia (Chyatte et al. 1989;Saccani et al. 1992).

Also inducing hypothermia in severe closed head injury appears to improve outcome

(Signorini 1999). As yet, however, there is little controlled evidence about the

efficacy of reducing temperature after stroke, but a systematic review of changes in

body temperature and outcome after acute stoke is planned (Correia et al. 1999).

1.3.2.5 Hyperglycaemia

In the first 24 hours after stroke onset, plasma glucose concentrations are elevated in

about 40-50% of patients, of whom more than half is known to have diabetes

mellitus (Van Kooten et al. 1993). The other 50% of patients have a normal HbAIc,

which suggests that the hyperglycaemia was very recent or it was as a result of the

stroke itself, i.e. it is a reflection of an acute stress response (Scott et al. 1998).

Diabetic stroke patients have been found to have an associated risk of early "stroke

in progression" (Jorgensen et al. 1994). However, even in the absence of diabetes,

initially high blood glucose in over 750 patients with an acute stroke was found to be

a predictor of a poor outcome (Weir et al. 1997). Considerable evidence further

indicates that hyperglycaemia intensifies brain injury following experimental

cerebral ischaemia (De Courten-Myers et al. 1985). Various mechanisms have been

suggested to explain the higher incidence of stroke and worse prognosis in diabetic

and hyperglycaemic patients. These include an alteration of post ischaemic cerebral
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blood flow related to impaired cerebral autoregulation, a hyperosmolar effect of

blood glucose, and interference with collateral blood flow to the ischaemic penumbra

(Scott et al. 1998).

While there is no proof of a causal relation between hyperglycaemia and adverse

prognosis, experimental studies have shown that hypoglycaemia might indeed offer

some neuroprotection (Hamilton et al. 1995). The safety of glucose potassium

insulin infusions to maintain euglycaemia in 53 patients with acute stroke has been

assessed in the pilot phase of the RCT - "Glucose Insulin in Stroke Trial" (GIST)

(Scott et al. 1999). A quasi-randomised trial conducted in China found that small

doses of mannitol combined with insulin could arrest stroke in progression (Pengfei

1996). However, until data are available from the GIST trial, management of

elevated glucose levels in stroke should be similar to that of other patients with

hyperglycaemia (Weir et al. 1997).

1.3.2.6 Heart rate

Cardiac arrythmias after stroke are quite common, and their presence strongly

influences long term prognosis (Cechett & Hachinski 1997;Klingelhofer & Sander

1997). When compared to control subjects, patients with stroke had a 10 fold higher

incidence of ST segment depression, prolonged QT interval, atrial fibrillation and

ventricular arrhythmia's when monitored by continuous electrocardiology (ECG)

(Klingelhofer & Sander 1997). Previously undiagnosed arrhythmia's, including

atrial fibrillation (AF), have been found in about 50% of patients within two days of

stroke onset (Mikolich et al. 1981). Often these patients have higher serum CPK
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levels than those with normal ECG recordings (Klingelhofer & Sander 1997). After

stroke, mortality is substantially higher in patients with new ECG abnormalities

(Klingelhofer & Sander 1997). For example in a study conduced in Finland,

mortality was significantly higher at 28 days and one year after stroke in 642 patients

with AF than compared to 6270 patients without AF (Kaarisalo et al. 1997). It has

been suggested that irregular heart rhythms associated with stroke may be due to

three interacting processes (Goldstein 1979):

1. Underlying atherosclerotic or hypertensive cardiovascular disease prior to the

stroke.

2. Ischaemic, arrhythmic and repolarisation changes due to increased sympathetic

outflow during stroke.

3. Myocardial necrosis precipitated by the points already mentioned.

1.4 Acute Treatment

The aims of treatment include ways in which one can optimise the patient's chance

of survival and/or minimise the impact of the stroke for both the patient and their

carers (Warlow et al. 1996). At present, "organised stroke care" is the most effective

treatment in reducing the burden of stroke (Stroke Unit Trialists' Collaboration

1998). However, recent randomised controlled trails (RCTs) suggest that some

pharmacological treatments may be of value for particular subgroups of stroke

patients (Sandercock & Willems 1992).
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Chapter One

The notion of stroke units has been around for 35 years. At present, there is no

universally accepted definition of organised care, but a common feature is that "care

is organised and co-ordinated by a multidisciplinary team of professional staff who

are interested and knowledgeable about stroke" (Dennis & Langhome 1994). The

first stroke units were modelled on coronary care units and were called "stroke

intensive care units" (Millikan 1979). As many stroke patients as possible were

therefore admitted directly to these unit, depending on the availability of beds.

Admitting all patients directly makes the introduction of assessment protocols easier,

allows skills to be focused, and facilitates large randomised controlled trials that are

needed to identify effective treatments (Dennis & Langhorne 1994). However, acute

stroke units have failed to become popular in this country probably because as yet,

there is no effective acute pharmacological treatment (Sandercock 1993). Moreover

they require high staffing levels and expensive equipment, which inevitably require

extra resources (The Fifth King's Fund Forum 1988).

In the late 1970s attention turned to "rehabilitation stroke units". Patients are

transferred to rehabilitation units after the acute phase of the illness has passed,

usually seven days or more after admission (Stevens 1989;McCann & Culbertson

1974). Only those that are considered to be able to benefit from such specialised

rehabilitation services are usually transferred. The emphasis in these units as the

name implies, is rehabilitation; the overall aim being to help patients to adapt to their

altered circumstances (Dennis & Langhome 1994). Comprehensive stroke units also

generally direct care towards rehabilitation, but patients are admitted directly to the
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unit (Stevens 1989;The Fifth King's Fund Forum 1988). The care that is delivered

initially, unlike acute stroke units, is not high-tech, but they can facilitate immediate

rehabilitation (The Fifth King's Fund Forum 1988).

Garraway et al were the first to evaluate the effectiveness of stroke units using a

randomised controlled trial design (Garraway et al. 1980a). They not only

demonstrated the benefits of a rehabilitation stroke unit but also showed that

randomised studies of stroke care were possible (Garraway 1985;Garraway et al.

1980b). Over the last few years, further randomised trials comparing organised

stroke care with standard care have appeared. However, on their own few of these

studies convincingly showed that stroke unit care improved outcome. This

stimulated Langhorne and colleagues to perform a systematic review (Stroke Unit

Trialists' Collaboration 1997a&b, 1998).

Organised stroke care is now subject to a Cochrane review and has been updated

three times since it's original publication in 1993 (Stroke Unit Trialists'

Collaboration 1998). The first review, published by the Stroke Unit Trialists

Collaboration, identified 10 RCTs involving 1460 patients comparing organised care

with standard medical ward care (Langhorne et al. 1993). The most recent update

(October 1998) now includes 20 RCTs including 3864 patients (Stroke Unit Trialists'

Collaboration 1998). In light of the fact there is no universal definition of a stroke

unit, there was considerable heterogeneity between the RCTs. Therefore, the trialists

divided the intervention (organised care) into two groups:
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• dedicated stroke units (including acute, rehabilitation and comprehensive stroke

units)

• mixed assessment/rehabilitation units; described as:

"a generic disability service provided on a ward or by a peripatetic team
which has an interest and expertise in the assessment and rehabilitation of
disabling illness, but does not exclusively manage stroke patients."

The combined data showed that organised care significantly reduced case fatality at a

median of 12 months (17% relative reduction in the odds of death, absolute risk

reduction of 4%). On the basis of the above evidence one would estimate that the

number needed to treat to prevent one death is 32. However, there were wide

confidence intervals surrounding the odds of death, therefore these results could

easily be overturned by a relatively small number of unpublished negative

randomised trials. However, the observed reduction in combined adverse outcomes

(death or requiring institutionalisation, death or dependency) were much more

statistically robust. The reduction in death and institutionalised care or dependency

at the end of follow up was 24% and 25% respectively. Therefore, the number

needed to treat to prevent one patient requiring institutionalised care and/or being

dependent on others in the activities of daily living is between 16 and 18 patients.

The authors also found that there was a slight reduction in the length of stay

associated with organised stroke care. Subgroup analyses showed that patients

benefited from the intervention, regardless of their age, sex and the severity of the

stroke. Furthermore, all approaches of organised care (acute, rehabilitation,

comprehensive and mixed assessment/rehabilitation units) tended to be more
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effective than conventional medical ward care. However, there was no convincing

evidence that one 'organised stroke care' approach was better than another.

At present, organised care of stroke patients within hospital is the best treatment that

we can offer acute stroke patients. From an economic perspective, stroke units

appear promising, i.e. stroke units not only save lives and reduce disability but they

may also reduce the length of stay in hospital (Jorgensen et al. 1997;Jorgensen et al.

1995). However, the process of this care remains something of a "black box, i.e. it

consists of many interrelated components making it difficult to decide which

mechanisms prevent general worsening of the patients' physical condition

(Langhorne et al. 1993). Thus, the trialists and others have urged that future research

should examine potentially important components of stroke unit care (e.g.

physiotherapy, nursing care etc.) (Stone 1999;Stroke Unit Trialists' Collaboration

1998).

1.4.2 Pharmacological

In contrast to myocardial infarction, there are very few routine pharmacological

treatments that are safe and effective for the stroke once it has occurred. The primary

aim of many potential treatments in acute stroke is to halt the progression of the

"ischaemic cascade" and restore cerebral blood flow to the penumbra (Sandercock &

Willems 1992). Most of the available treatments have more than one mechanism

and, for some, the precise mechanism is unknown (Warlow et al. 1996). It is

generally agreed that the RCT is the best way to evaluate these treatments, however,

very few have been large enough to provide reliable evidence on the balance of risk
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and benefit (Yusaf et al. 1984). Furthermore, much of the existing evidence is

variable and poorly reported so that the impact they have on clinical care is limited.

Therefore it is not surprising that there are enormous variations both between and

within different countries in the use of specific treatments for acute stroke (Warlow

et al. 1996).

Recently, two "mega trials" (International Stroke trial, 1ST 1997; and Chinese Acute

Stroke Trial, CAST 1997) involving approximately 40,000 patients with an acute

ischaemic stroke found that aspirin prevents about 10 deaths or recurrent stroke per

1000 during the first few weeks. This also corresponds to about 10 more

independent survivors per 1000 treated at six months. Both trials therefore suggested

that aspirin should be started as soon as possible after the onset of ischaemic stroke

(International Stroke Trial Collaborative Group 1997;CAST (Chinese Acute Stroke

Trial) Collaborative Group 1997). 1ST used a factorial design to also assess the

benefits of unfractionated heparin (International Stroke Trial Collaborative Group

1997). Patients allocated to heparin had significantly fewer recurrent ischaemic

strokes in first two weeks than those who did not receive heparin. However, this was

offset by the fact that heparin caused more haemorrhagic strokes, extracranial bleeds

and hence more deaths within the first two weeks. At six months there was no

difference in death and dependency between the two groups. These results are

consistent with a systematic review, including 21 trials involving 23,427 patients, of

anticoagulation treatment (Gubitz et al. 1999).

Work in animal models suggests that many neuroprotective agents reduce the volume

of brain damaged by cerebral infarction when given either after or before the
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ischaemic insult (Touzani et al. 1995). Many of these drugs have been tested and

abandoned before reaching phase III trials because either they resulted in no benefit

or a poor outcome for the patients. This is probably because experimental data in

animals relate only indirectly to humans (Dorman & Sandercock 1996). For

instance, the brain lesions in human stroke are clinically heterogeneous, and they

affect patients with a wide variety of comorbid conditions, whereas infarcts induced

in experimental models occur in a homogeneous population of inbred, young, healthy

animals (Dorman & Sandercock 1996). Furthermore, the benefits from

neuroprotection in a milieu where so many pathophysiological mechanisms interact

are unlikely to have a large effect on clinical outcome (Warlow et al. 1996).

Therefore, previous trials may have been inadequately powered to detect a clinically

significant result (Keir & Lindley 1999).

Thrombolysis is an attractive but potentially dangerous therapeutic strategy. This

treatment is capable of dissolving arterial thrombus, but it can also transform the pale

infarct into a haematoma with mass effect and death (Keir & Lindley 1999). To date,

there have been eight major randomised placebo-controlled trials testing the efficacy

of two thrombolytic agents given intravenously: streptokinase and recombinant tissue

plasminogen activator (rt-PA) (Wardlaw et al. 1999). Of these, only one, the

National Institute of Neurological disorders and Stroke (NINDS) reported a

significant improvement in three month outcome, the others either being stopped

prematurely or finding no statistical benefit (The National Institute of Neurological

Disorders and Stroke rt-PA Stroke Study Group. 1995). Data from these trials and

other smaller trials are now subject to an ongoing Cochrane review (Wardlaw et al.

1999). The most recent update reported that thrombolysis significantly increased
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fatal intracranial haemorrhage, but that overall thrombolysis appeared to have a

significant net beneficial effect by reducing the number of dead and dependent

patients at long term follow up (about 70 more independent survivors per 1000

patients treated) (Wardlaw et al. 1999). However, a number of questions still need to

be answered in RCTs (Keir & Lindley 1999;Dorman & Sandercock 1996):

• What is the optimum dose and route?

• What is the maximum therapeutic time window?

• Is rt-PA better than steptokinase?

• How do you identify those people likely to have a haemorrhage with treatment?

• Should there be an upper age limit, i.e. should patients over 80 years old be

thrombolysed?

• What severity of stroke should the patient have before they are given the

treatment?

1.5 Nursing research for acute stroke patients

Systematic investigation of nursing, especially practice, is minimal. In the UK the

government has focused mainly on recruiting, educating, rewarding and retaining

nurses within the profession (Salvage 1998). Official inquiries have therefore

focused on structural solutions driven by economics rather than on critiques of the

content of nursing practice. In their own defence nurses have cited that they lack the
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"infrastructure, culture and incentive" to do research (Salvage 1998). Therefore, it is

not surprising that there is a paucity of research articles written by nurses (Wild

1994). For example, a review of the stroke literature carried out by Myco in 1984

consisted mainly of textbook information and a small number of articles, which she

described as "superficial and elementary" (Myco 1984). Over the last 15 years, this

situation has improved only slightly (Kirkvold 1997). Three reviews of the nursing

literature found that less than 10% of all stroke articles written by nurses included a

research component (Bisnaire 1998;Kirkvold 1997;0'Conner 1993) (Table 1.1).

However, none of the reviewers used a systematic approach, i.e. used Cochrane

methodology, in order to locate relevant articles (Warlow et al. 1997). There were

also a number of methodological differences between the three reviews, which

resulted in each finding a different number of research articles (range 22 to 53)

(Table 1.1). For example, each investigated different years and used different search

strategies (Table 1.1). Two of the investigators searched the nursing literature using

the computerised database, 'Cumulative Index of Nursing and Allied Health

Literature (CINHAHL)' (Bisnaire 1998;Kirkvold 1997) (Table 1.1). One of these

investigators also used MEDLINE to incorporate articles written by nurses published

in non-nursing journals (Bisnaire 1998). The other investigator did not document his

search strategy at all (O'Conner 1993). One reviewer also contacted colleagues in

order to locate funded nursing research that was not yet published (Bisnaire 1998).

Two of the studies limited their search to English language publications (Bisnaire

1998;0'Conner 1993). Kirkvold (1997), an academic nurse from Norway, found the

most research articles written by nurses (n=53). Although this was not stated, it was

probably because she included non-English publications.
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The role of the nurse is one of "care" and is undoubtedly broad, particularly as they

are responsible for patients 24-hours a day (O'Conner 1993). These broad criteria

have been categorised in the literature in a number of different ways, but the most

reasonable grouping is by the subject of study. Using this grouping, Bisnaire (1998)

divided the stroke research studies conducted by nurses into four main categories,

these included research about: nurses; the experience of stroke; the caregiver of

stroke survivors; and various interventions and their impact on outcome. Each of

these will be discussed in turn.

1.5.1 About nurses

The first category of research reviewed considered the nurse who cared for the stroke

survivor. Bisnaire (1998) found only seven studies that focused on nurses' attitudes,

knowledge and the care that they delivered. Four of these studies revealed that

nurses, like many other branches of health care professionals, have often viewed

stroke patients negatively (Gibbon & Little 1995;Gibbon 1991;Myco 1984;Hamrin

1982). In 1982, Hamrin felt that this negative attitude might be as a result of a poor

understanding of either the nature of the illness, subsequent intervention or the lack

of clarity as to the role of the nurse. Hamrin (1982) showed that this could be

resolved by improving nurse training and education of caring for stroke patients. In

1991, prior to evidence that stroke units saved lives and reduced disability, Gibbon

reassessed nurses attitudes towards stroke patients in general medical wards using a

Likert scale (Gibbon 1991). He found that overall, the 76 nurses surveyed had a

neutral attitude towards caring for stroke patients, i.e. they did not regard them as

special or different from other patients on the ward. However, even very highly
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motivated registered nurses did believe that caring for stroke patients, particularly if

it involved rehabilitation, may result in other patient groups becoming neglected

(Gibbon 1991). The nursing auxiliaries presented a different pattern of responses.

Although most felt it was "meaningful to work with stroke patients, many found

them difficult to nurse as such patients can be unco-operative." However, nursing

auxiliaries, like registered nurses, felt that stroke patients required more time than

was available (Gibbon 1991). Gibbon felt that nurses attitudes towards stroke

patients may be improved if they worked in specialised stroke unit (Gibbon 1991).

This is in agreement with a common feature of organised stroke care, i.e. it is co¬

ordinated by those "who are interested in and knowledgeable about stroke" (Dennis

& Langhorne 1994).

A small number of other studies reviewed focused on what nurses do for stroke

patients. O'Connor conducted a survey of acute stroke units in the UK (O'Conner

1996). These data provided information on staffing levels, care delivery systems,

models of nursing practice and tools that assess patients progress within the

designated stroke unit. Another, as yet unpublished, study reported the ability of

nurses to diagnose depression in patients undergoing stroke rehabilitation (Bisnaire

1998). Bisnaire (1998) also found that current studies are now starting to focus on

the cost effectiveness ofnursing care.

1.5.2. Interpreting the needs ofpatients and their carers

The next two areas of research focus on the experience of stroke and its consequence

for the caregivers. Both Kirkvold (1997) and Bisnaire (1998) found that the majority
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of research articles were of this type (20/53, 38% and 20/39, 51% respectively).

They described these studies as qualitative in design as many used in-depth interview

techniques to acquire their data. Many nurses see this type of study as a necessary

step in theory development (Bisnaire 1998). For example, studies of this nature have

been used to outline the eating behaviour of stroke survivors, refine the nursing

diagnoses of dysphagia and highlight the impact of altered cognitive function on

functional status of individuals post right hemisphere stroke (Jacobsson et al.

1996;Sisson 1995). Other studies focus on the caregiver's role in looking after

stroke patients in the community (Rosenthal et al. 1993). Most tend to highlight the

dramatic change that occurs in the carer's lifestyle in order to meet the needs of their

dependent (Rosenthal et al. 1993;Periard & Ames 1993).

1.5.3 Interventions and their impact on outcomes

The last group of studies focuses on interventions and outcomes. At present, nursing

intervention studies tend to focus on nursing functions, such as preventing

complications and meeting essential needs (Kirkvold 1997) (see Table 1.2). All

three authors found that these types of studies accounted for 20% or less of the total

number of research articles included in the review (Bisnaire 1998;Kirkvold

1997;0'Conner 1993). The authors also noted that most of these articles were

limited by non-random assignment of patients, small numbers, and poor or no

controls (Bisnaire 1998;Kirkvold 1997;0'Conner 1993). Furthermore, the outcome

measures of these studies, such as perceived quality of life and abilities to carry out

activities in daily living, were rarely validated (Bisnaire 1998).
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1.6 The effect of nursing procedures on the vulnerable brain

Recent nursing articles do emphasis the importance of protecting potentially viable

brain tissue surrounding the stroke (ischaemic penumbra) (Bratina et al. 1997;Weber

1995). These articles also stress that nurses should pay particular attention to

preventing and detecting complications, which could result in a poor outcome for

stroke patients (Bratina et al. 1997;Weber 1995). In general, neurological

complications are most likely to cause death during the first week after stroke onset

and non-neurological complications are the most common cause of death thereafter

(Weber 1995;Bamford et al. 1990) (Table 1.3). At present, current nursing

procedures are directed towards preventing non-neurological complications. For

example, nurses position stroke patients to prevent pressure sores, chest infections

and contractures (Lasater-Erhard 1995). However, there is little evidence to suggest

that nurses have given much thought towards manoeuvres that may actually cause

adverse changes in physiological variables, which if go unnoticed may result in

further neuronal damage, as well as a poor physical outcome for stroke patients.

Therefore, the aim of this study was to evaluate the influence of two procedures

commonly performed by nurses, positioning and feeding, on physiological variables,

such as oxygenation and blood pressure, in the acute phase of stroke. However, it

was important to first find out what nurses do when they perform these procedures,

as well as the rationale behind them.
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1.6.1 Positioning

In 500 BC, Hippocrates regarded the patient's position as a diagnostic tool (Adams

1939):

"It is well when the patient is found by his physician reclining upon
either his right or left side, having his hands, neck and legs slightly bent,
and whole body lying in a relaxed state, ....these are the best postures
which most resemble those of healthy persons. But to lie on one's back,
with the hands, neck and, legs extended, is far less favourable."

Nurses, on the other hand have looked at patient positioning primarily as a treatment

to improve patient comfort, prevent skin breakdown, and facilitate breathing (Jones

et al. 1998;Lasater-Erhard 1995). This view was further supported in a survey on

various aspects of patient positioning (hereafter referred to as the positioning

survey).

1.6.1.1 Thepositioning survey

This survey that was carried out prior to the main phase of the 'positioning study'

described in Chapter five, in order to investigate the views of nurses, occupational

and physiotherapists on which aspects of positioning they thought influenced

recovery of stroke patients with hemiplegia. The questionnaire asked what was the

overall aim of the positioning strategy and what were the best and worst positions for

conscious and unconscious stroke patients (Appendix 1). The questionnaire was sent

to 25 therapists and 150 nurses working with stroke patients on the stroke unit,

intensive care unit, neurosurgical unit, medical neurology ward and two general

medical wards in the Western General Hospital, Edinburgh, between 1 August 1997

and the 30 September 1997. Chi-square or Fisher Exact tests (when the overall total
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of the table was less than 20 and the smallest of the four expected numbers was less

than 5) were used to compare the views of nurses with therapists. Statistical

significance was taken at the 5% level.

Despite one reminder the overall response rate was poor. Only 97/175 (55%) of the

questionnaires were returned: 15/25 (60%) therapists and 82/150 (55%) nurses

(Table 1.4). Significantly more nurses on the stroke unit responded compared with

those working in the four other areas (17/20, 85% versus 63/130, 50%, Chi-square

8.5; p=0.003) (Table 1.4). This is presumably because nurses on the stroke unit are

more interested in, and knowledgeable about, stroke than nurses on other wards

(Dennis & Langhorne 1994). In mitigation, the non-responders from the intensive

care unit felt they did not have adequate knowledge about stroke patients to reliably

answer the questionnaire (intensive care nurse manager, personal communication).

Overall, 61/97 (63%) respondents working in the five areas believed that the two

most important aims of a positioning strategy was to encourage normal movement in

the paretic limbs and prevent complications, such as poor breathing and chest

infections, whereas the very few believed it was to protect the vulnerable brain

(Figure 1.4). The rationale behind each of these aims is as follows:

Encouraging normal movements in the paretic limbs

A small number of nurses (21/86, 26%) knew that the positioning strategy for stroke

patients with hemplegia used in this hospital was based on "Bobaths ideas", which

are often displayed on charts throughout the hospital and put above the patient's bed

by the physiotherapist (Appendix 2). Physiotherapists, Berta and Karl Bobath,
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developed the Bobath positioning strategy in 1940s (Bobath 1990). Central to the

Bobath concept is the assumption that neurological lesions can result in increased

tone and reflex activity, through a decrease in the inhibition from higher centres

(Bobath 1990). It is assumed that abnormal tone will result in abnormal movement

(Bobath 1990). The main aim of this treatment is to improve the quality of

movement on the affected side of the body (Bobath 1990). The Bobaths proposed

that through the manipulation of kinaesthetic and tactile input one could stimulate

neurophysiological plastic changes in the central nervous system (Bobath 1990).

Bobath manoeuvres involve manual handling of the patient by the therapist in an

attempt to control the postural tone and allow normal patterns ofmovement to occur

(Pollock 1999). Success of this treatment is therefore, due to the experience of

"normal" movement by the patient (Bobath 1990). Over the years, Davies adapted

and refined the Bobaths' original treatment, and other authors such as Carr and

Shepherd have referred to their influence on their work (Davies 1985;Carr &

Shepherd 1982). The methods used in all of these physiotherapist treatments are

based on clinical observation and experience, rather than research (Pollock 1999).

Pollock found that there was a considerable lack of literature regarding the Bobath

approach despite the assertion that it is based on neurophysiological evidence and

theories (Pollock 1999). Furthermore, therapists using the Bobath approach tend to

be unable to identify the scientific rationale for its use (Pollock 1999).

Carr and Kenney reviewed commonly used texts that include "Bobath concepts" to

establish the perceived view about recommended postures and their rationale in

terms of underlying physiological activity (Carr & Kenney 1992). The authors found

13 sources of information on positioning stroke patients in five positions: sitting up
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in a chair, sitting up in bed, lying supine, lying on the paretic, and the non-paretic

sides. For each of these positions, the authors extracted information from the

literature about positioning nine parts of the body: the head and neck, shoulder,

elbow, wrist, fingers, trunk, hip, knee and ankle/foot. Although, it was not made

clear, it is unlikely that the texts used in this review were "evidence based" (Carr &

Kenney 1992). Of the texts reviewed, there was some agreement about the optimum

positioning of stroke patients with hemiplegia (e.g. fingers, extended, spine straight),

but there was also many areas of uncertainty (e.g. the optimum position of the head,

foot and unaffected limbs) (Carr & Kenney 1992).

Jones et al (1998) pointed out that even after formal teaching nurses do not

consistently position stroke patients according to the ideals suggested by Carr and

Kenney. This may be because positioning patients using these recommendations

requires precise positioning of the nine body parts in the five different positions i.e. it

is extremely complex. However, in the positioning survey, nurses were even unsure

which of the five positions conscious and unconscious stroke patients should avoid.

In fact, there were significant differences in opinion between each of the clinical

areas. For example, significantly more nurses than therapists thought that conscious

stroke patients should not sit propped at 30° angle (60% versus 7%, p=0.001, Chi-

square) (Table 1.5). Also significantly, more nurses on the stroke unit than in the

other four areas thought that unconscious stroke patients could lie on their paretic

side (82% versus 47%, p=0.008, Chi-square) (Table 1.6). However, more nurses

outside the stroke unit thought that unconscious stroke patients could lie in the supine

position (38% versus 12%, p=0.058, Chi-square), and both unconscious (28% versus

0, p<0.05, Fisher's exact test) and conscious (63% versus 29%, p<0.001, Chi-square)
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stroke patients could sit propped-up in bed at 70 angle (Tables 1.5 and 1.6).

Therefore it would be more beneficial to sort out this problem before introducing the

nurses to complex and confusing terminology regarding the individual positioning of

the nine body parts described by Jones et al (1998).

Facilitate breathing and preventing complications

Physiotherapists and nurses use patient positioning as a means to improve respiration

and encourage the removal of respiratory secretions (Gattinoni et al. 1991).

Respiratory insufficiency can result from abnormalities of the chest wall and/or lungs

secondary to acquired diseases (e.g. stroke), congenital deformities, and traumas

(Dean 1997). Age-related changes of the lungs and chest wall also contribute to

chest wall deformities, displacement of the diaphragm and abdominal muscles, and

altered respiratory mechanics (Dean 1993). Deformity of the chest wall reduces the

mobility of the thorax and thereby increases the work of breathing (Dean 1997).

Shallow, rapid breathing often results, which increases minute ventilation at the

expense of alveolar ventilation. In the early 1970s, it became clear from a number of

studies on animals and humans that gravitational force affects gas exchange by

modifying the distribution of pulmonary ventilation and perfusion (Zack et al.

1974;Katori et al. 1970). Thus, postural changes were proposed to improve the

matching ofpulmonary perfusion with ventilation.

The nursing literature is confused on how best to position patients to aid their

breathing. A nursing review of these texts pointed out that some authors recommend

that patients should be maintained in the supine position, whereas others believe that
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an upright posture makes breathing easier because gravity prevents the abdominal

contents from pushing against the diaphragm and impeding inspiration (Lasater-

Erhard 1995). By far the largest literature describes the effect of side lying

positioning on oxygenation in patients with lung disease. In 1974, 38 patients with

unilateral lung disease had a reduced oxygenation when the diseased lung was

dependent (i.e. the lung downmost), as compared with the healthy lung being

dependent while breathing spontaneously (Zack et al. 1974). The authors noted that

pulmonary perfusion increased to dependent regions (Zack et al. 1974). Therefore,

when patients lie with the diseased and therefore poorly ventilated downmost, there

is a mismatch of pulmonary ventilation to perfusion that may result in hypoxia (Zack

et al. 1974) (Figure 1.5). Remolina et al confirmed these findings and also included

a comparison with the supine position (Remolina et al. 1981). In all cases,

oxygenation was better with the healthy lung dependent as compared to the supine

position and the diseased lung dependent. These positional differences disappeared

after recovery (Remolina et al. 1981). As a result of these studies, Walshaw and

Pearson suggested that acute stroke patients with hemiplegia may be at risk of

hypoxia when lying on their paretic side (Walshaw & Pearson 1994). Avoiding such

episodes of hypoxia in the acute phase of stroke may improve the chance of a good

clinical outcome by preventing further damage to recoverable, but ischaemic tissue

surrounding the stroke.

Cerebral responses with changes in posture

The positioning survey found that only 11/97 (11%) of the respondents believed that

it was important to protect the vulnerable brain, whereas 41/97 (42%) thought this
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was the least important aim of a positioning strategy (see Figure 1.4). For nearly two

decades however, it has been known that changes in head and body position can

influence intra-cranial pressure (Durward et al. 1983). Kenning et al (1981) reported

elevating the head of patients with an acute brain injury and raised intra-cranial

pressure to levels between 45° to 90° significantly reduced intra-cranial pressure.

Theoretically, this effect may also reduce the deleterious effects produced by cerebral

oedema accompanying large stroke lesions. A contraindication to placing the patient

upright is that it may result in a significant drop in blood pressure and therefore in

the cerebral perfusion pressure to any recoverable but ischaemic tissue (Robinson &

Potter 1995). Durward et al (1983) further investigated the effect of head elevation

at 0° (horizontal), 15°, 30° or 60° on intra-cranial pressure, systemic and pulmonary

pressure and cerebral perfusion pressure. They found that when the head was

elevated to 15° or 30°, intracranial pressure was reduced without affecting cerebral

perfusion pressure and cardiac output (Durward et al. 1983). However, further

elevation of the head to 60° caused an increase in intra-cranial pressure and a

significant decrease in cerebral perfusion pressure and cardiac output (Durward et al.

1983). A more recent study confirmed that elevating the head to 30° was the most

optimal position for patients with increased intra-cranial pressure (Feldman et al.

1992). However at present, there remains considerable confusion, probably because

of the paucity of scientific evidence, on whether positioning results in secondary

brain damage in patients with acute stroke.
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1.6.2 Feeding

Eating problems in patients with stroke are complex and occur at a high frequency,

because of the following:

• Dysphagia. It has been recognised that identifiable oropharyngeal dysphagia may

affect as many as half of all patients, depending on the timing of the swallowing

assessment, diagnostic methods, and case mix (Kidd et al. 1993;Barer

1989;Splaingard et al. 1988;Gordon et al. 1987). There are now a number of

widely accepted interventions, such as meal texture modification, compensatory

postures, food administration techniques and direct therapeutic procedures, that

are used to prevent complications such as aspiration from occurring (Logermann

1982).

• Immobility. This often means that patients are dependent on others to provide

them with food and drink (Warlow et al. 1996).

• Communication problems. This may prevent patients being able to ask for food or

drink (Beadle et al. 1995).

• Hemiplegia. Impaired function of arm and hand, problems with sitting balance

and facial weakness may prevent the patient being able to take the food safely

(Beadle et al. 1995).

• Visual neglect. These patients do not see the food or drink beside them (Warlow

et al. 1996).
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• Age. Stroke patients are more likely to be elderly and therefore may have a poor

appetite and/or reduced sensitivity to dehydration (Steele et al. 1997)

• Cognitive impairment. The patient may not understand or recognise that there is

food beside them (Steele et al. 1997).

These problems are not only disabling to the patient (compromising diet, nutrition

and hydration), but also have the potential to cause serious complications such as

dehydration and aspiration pneumonia, and hence increased morbidity and mortality

(Farrel & O'Neil 1999;Mann et al. 1999). Nurses therefore provide patients with

adequate nutrition and hydration by helping with feeding or, if they are unable to

swallow orally, using enteral (e.g. intra-venous fluids) or parenteral (e.g. fed via

nasogastric tube, NG; or percutaneous gastrostomy tube; PEG) feeding methods

(Beadle et al. 1995). However, nurses are less likely to consider other complications,

such as respiratory insufficiency and falls in blood pressure after meals, that may

damage recoverable but ischaemic brain tissue (Hirst et al. 1998;Robinson & Potter

1995;Farnsworth & Heseltine 1994).

Respiratory insufficiency

Studies in normal adult human subjects have shown that swallowing momentarily

inhibits respiration and tends to occur preferentially during the expiratory phase of

the respiratory cycle (Selley et al. 1989a). In contrast, patients with stroke tend to

take inspiratory breaths during swallowing, which may increase the risk of hypoxia

and aspiration pneumonia (Selley et al. 1989b). Furthermore, a study including 33

patients with severe breathing problems found that more than 20% experienced
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hypoxaemia after meals (Brown et al. 1983). As already highlighted above,

breathing problems are common after stroke (see section 1.3.2.3) (Vingerhoets &

Bogousslavsky 1994). Therefore, these patients may be most at risk of significant

falls in oxygenation after feeding, which could impair recovery to the vulnerable

brain.

Falls in blood pressure

A link between falls in blood pressure after eating and stroke has been suggested,

although only four cases have been reported (Yokota et al. 1997;Kamata et al. 1994).

Falls in blood pressure after meals, also known as postprandial hypotension, have

been observed in elderly subjects with and without medical illnesses (Westenend et

al. 1985;Lipsitz et al. 1983). However, no such changes in blood pressure have been

demonstrated in young healthy subjects (Westenend et al. 1985). These falls in

blood pressure probably result from age-related alterations in cardiovascular

mechanisms, including impairment of baroreceptor sensitivity and a decrease in

sympathetic nervous system activation (Robinson & Potter 1995;Heseltine & Potter

1990). It is important to note that such falls in blood pressure may reduce the chance

of recovery to ischaemic brain after acute stroke when cerebrovascular autoregulation

and baroreceptor sensitivity are impaired (Robinson & Potter 1995).

1.7 Thesis structure

The aim of this thesis is to provide a comprehensive evaluation of the influence of

the two nursing strategies, positioning and feeding, on physiological variables in the

acute phase of stroke to see whether adverse changes occur, which could reduce the
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patient's chance of a good clinical outcome after stroke. Firstly, this thesis describes

the results of two systematic reviews that included studies that measured oxygenation

and blood pressure during either the positioning or feeding of stroke patients.

Secondly, it discusses the most accurate and clinically relevant way to measure these

variables in acute stroke patients. Finally, it describes the results of two

observational studies in which arterial oxygen saturation, blood pressure and heart

rate were measured during positioning and feeding in acute stroke patients.

1.8 Summary

Stroke is a major public health problem. Over the past decade much has been

learned about the physiology of stroke and it has become clear that it is important to

protect the area of potentially recoverable brain tissue surrounding the stroke - "the

ischaemic penumbra." Therefore, avoiding systemic insults, such as hypotension and

hypoxaemia, which could lessen the potential of neuronal recovery, may improve the

chance of a good outcome after stroke. At present, there is little in the way of

pharmacological interventions that can be given after stroke to improve outcome. In

contrast, a recent collaborative systematic review has indicated that organised care

saves lives and reduces the need for long-term institutional care. However, stroke

unit care entails a complex "black box" of interventions consisting of many

interrelated components making it difficult to decide which mechanisms prevent

general worsening of the patients' physical condition, as well as the neurological

deficit, and hence longterm disability. The aim of the thesis is to evaluate the

influence of nursing strategies for patients positioning and feeding on oxygenation
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and blood pressure in the acute phase of stroke, which if optimised or avoided, might

improve neurological and physical outcome after stroke.
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Table 1.1 The search strategies used in the three nursing research reviews

Author Years Database Search Limitation of Total number Number

(year) searched searched terms used search of articles (%) of
found research

articles
found

O'Connor

(1993)

Kirkvold

(1997)

Bisnaire

(1998)

1966 to

1992
not stated

1989 to

1995

1982 to

1997

CINHAHL

MEDLINE
and
contacted
nurses

working in
the field

not stated English
language
journals only,
did not search
the non-

nursing
literature

not stated Did not search
the non-

nursing
literature

nursing English
and language
research journals

312 22 (7)

605 53 (9)

33 published 39 (100)
6 unpublished

CINHAHL, cumulative index of nursing and allied health literature.
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Table 1.2 Identified nursing function

(adapted from Kirkvold 1997)

Nurse Function

Preventing complications
such as:

Meeting essential needs
such as:

Falls Mealtime care

Trauma Toileting

Pressure sores Positioning

Chest infections Personal hygiene

Deep venous thrombosis Dressing and grooming

Contractures Moving about

Dehydration Balancing activity and rest

Poor nutrition
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Table 1.3 Most common complications after stroke

(adapted from Weber 1995)

Comp ications

Neurological Non-neurological
(common in the first week) (common > 7days after the stroke)
Cerebral oedema Aspiration

Hydrocephalus Hypoventilation

Increased intracranial pressure Pneumonia

Haemorrhagic transformation Cardiac arrythmias

Seizures Deep venous thrombosis

Pulmonary embolism

Urinary tract infections

Pressure sores

Malnutrition

Contractures

Stiffjoints

Dehydration and poor nutrition
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Table 1.4 The response rate for nurses, occupational therapists and
physiotherapists working in the five areas with stroke patients

Ward Response Rate
n (%)

Stroke unit nurses

General medical nurses

Medical neurology nurses

Neurosurgery nurses

Intensive care unit nurses

Occupational therapists and
physiotherapists

17/20 (85)

21/40 (53)

13/24 (54)

20/28 (71)

11/43 (26)

15/25 (60)
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Table 1.5 What nurses on the stroke unit (n=17), outside the stroke unit (n=65)
and therapists (n=15) thought about the positioning strategies for conscious
stroke patients

The best positions for Stroke unit Non stroke Therapists' Chi-square
conscious stroke patients responses unit responses responses p value
areT: n (%) n (%) n (%)
sitting in a chair 12(71) 47 (72) 12 (80) 0.439

p=0.803

lying on their
non-paretic side

13 (76) 49 (75) 10(67) 5.38

p=0.764

lying on their paretic side 12(71) 29 (45) 8 (53) 3.69

p=0.158

propped-up in bed at a
30° angle

10 (59) 39 (60) 1 (7) 14.317

p=0.001

propped-up in bed at a
70° angle

5(29) 41 (63) 2(13) 15.38

p<0.001

lying in the supine
position

5(29) 30 (46) 4(27) 2.9

p=0.23
T
Respondents were able to circle more than one answer to the question
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Table 1.6 What nurses on the stroke unit (n=17), outside the stroke unit (n=65)
and therapists (n=15) thought about the positioning strategies for unconscious
stroke patients

The best positions
for unconscious

Y

stroke patients are :

Stroke unit

responses
n (%)

Non stroke
unit

responses
n (%)

Therapists
responses
n (%)

Chi-squaret
p value

sitting in a chair 0 7(11) 0 Fisher's exact test

p>0.05

lying on their
non-paretic side

12 (71) 53 (82) 13 (87) Fisher's exact test

p>0.1

lying on their paretic
side

14 (82) 29 (47) 11 (73) 9.5

p=0.008

propped-up in bed at
a 30° angle

9(53) 34 (54) 3 (20) 5.5

p=0.62

propped-up in bed at
a 70° angle

0 18 (28) 1 (7) Fisher's exact test

p<0.02

lying in the supine
position

2(12) 25 (38) 3 (20) 5.7

p=0.058
"Y*

Respondents were able to circle more than one answer to the question.

t due to small numbers in each of the groups a Fisher's exact test was performed
between the responses from stroke unit nurses and nurses working in the four other
areas.
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Figure 1.1 Mechanisms of neuronal death during focal brain ischaemia

(Albers 1997)

Abbreviations: Ca2+, intracellular calcium ion; G, glutamate; Na+, oxidised sodium
ion; and NMDA, N-methyl-D-aspartate.
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Figure 1.2 The relationship between systolic blood pressure and death at 14
days in the International Stroke Trial

(Signorini, Sandercock, & Warlow 1999b)
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Figure 1.3 The relationship between systolic blood pressure and death and
dependency at six months in the International Stroke Trial

(Signorini, Sandercock, & Warlow 1999b)
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Figure 1.4 Respondents (n=97) were asked to rank the following aims of the
positioning strategy in order of importance: a) encourage functional recovery
of paretic limbs; b) prevent complications, i.e. pressure sores and chest
infections; c) protect vulnerable brain; d) encourage compensatory movements
of non-paretic limbs; and e) comfort the patient
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Figure 1.5 The direction of the pulmonary perfusion and ventilation gradients
in upright postures (i.e. sitting or standing) and side lying positions
(Hough 1991)
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Chapter Two: Does altering the posture of patients with acute stroke

affect their oxygenation and blood pressure - a systematic review

2.1 Introduction

Before developing a new study, it was important to review all of the existing

literature on the effect of postural change on blood oxygen and blood pressure in

patients with acute stroke. To establish whether a new study was necessary this

systematic review aimed to answer the following questions:

1. Is there any evidence that altering the posture of patients with acute stroke affects

oxygenation and/or blood pressure?

2. If so, what is the magnitude of change?

3. Are any of these changes likely to be of clinical importance?

4. Are head up positions better than horizontal positions?

5. Is lying on the non-paretic side better than lying on the paretic side?

6. Is there one overall position which is better for: a) conscious; and b) unconscious

patients?
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2.2 Methods

2.2.1 Inclusion criteria

The review aimed to identify all prospective published studies in the English

language literature measuring blood oxygen, blood pressure or heart rate (invasively

or non-invasively) before, during and after changing the position of patients with

acute stroke. Studies could include patients of any age or sex with an ischaemic or

haemorrhagic stroke. Studies in patients with subarachnoid haemorrhage (SAHs) or

transient ischaemic attack (TIAs) were excluded, but those studies that included

some patients with SAHs or TIAs amongst other patients with stroke were eligible.

Studies could include patients in the acute phase of stroke (within seven days of

stroke onset), subacute phase (studied between days eight and 14) and chronic phase

(studied 15 or more days after stroke onset). The position of the patient could be

altered by the patient themselves or with help from nurses (hereafter referred to as

physiological manoeuvres), or using a tilt table. Studies had to include some or all of

the horizontal positions (supine and/or side lying) and head-up positions (sitting,

standing or vertical using a tilt table).

2.2.2 Search strategy

The systematic search strategy developed by the Cochrane Stroke Review Group was

used to find articles relevant to stroke (Table 2.1) (Warlow et al. 1997). After

discussion with search experts, a search strategy was developed to find articles

specifically related to stroke, blood pressure, oxygen saturation and posture change.

Each of these search components was searched individually. The common theme of
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the search was stroke, which was combined to the other three search components to

remove duplicates using the following MEDLINE operators "Stroke and (BP or

oxygenation or posture change)." In relevant studies BP and oxygenation could be

measured using any technique, equipment and site of measurement (i.e. arm or

finger).

The following search methods were used:

1. Electronic searches ofMEDLINE (from 1976 to 1998), EMBASE (from 1980 to

1998) and CINHAHL (from 1982 to 1998) (see Table 2.1).

2. Hand searching of two journals not in MEDLINE: Cerebrovascular Diseases and

the Journal of Stroke and Cerebrovascular Diseases (from 1991 to 1998).

3. Twenty-three conference proceedings relevant to stroke (from 1990 to 1997)

(Appendix 3).

4. Reference lists from relevant studies and reviews.

5. Personnel contact with research workers in this field.

6. The MEDLINE search strategy was validated for sensitivity and precision against

a gold standard of relevant articles produced by searching 17 volumes of the

journal Stroke (1980 to 1997) by hand (Counsell 1998).
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2.2.3 Methodological quality

After the titles and abstracts of all the articles identified by this search were

reviewed, articles that met the inclusion criteria for this review were read in full.

Details on the methodological quality of each study were collected as follows:

1. Definition, type (ischaemic or haemorrhagic) and severity of stroke.

2. Latency from stroke onset to study day.

3. Inclusion of a control group.

4. Co-interventions that may confound the results.

5. How the patients' position was altered.

6. The quality of the blood oxygen, BP, and heart rate measurements, including:

equipment (make and model, invasive or non-invasive, manual or automated) and

ii) measurements (the number of readings at each time point, site of measurement

and position of the patient).

2.2.4 Outcome measures

Data on the following outcomes were sought: 1) the direction and magnitude of

change in oxygenation, blood pressure and heart rate between: a) horizontal positions

compared to head-up positions, b) paretic and non-paretic sides and c) patients and
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control subjects; and 2) whether there was an optimal position for stroke patients

(best oxygenation and least falls in blood pressure).

2.3 Results

The MEDLINE search, which included any stroke article related to positioning,

oxygenation and/or blood pressure, identified all the articles in the "gold standard" -

hand searching the journal Stroke. Therefore, this electronic search strategy was

highly sensitive (Table 2.2). However, the search did identify many irrelevant

articles, i.e. 93% of the articles retrieved did not meet the inclusion criteria for this

review (Table 2.2).

In total, 1308 references were retrieved from the electronic search. Nine (<1%) of

these were identified as possibly relevant to this review and were read in full. Two

of these articles were excluded (Carlsson & Britton 1993;Palmer 1983). The first of

these aimed to evaluate the frequency of postural hypotension, defined as a fall in

systolic BP of 20mmHg or more on moving from the supine position to standing, in

321 acute elderly hospital admissions of which 50 were elderly stroke patients

(subacute phase) (Palmer 1983). Of the 50 stroke patients, 18 (36%) exhibited

postural hypotension (Palmer 1983). This article however, did not provide any

methodological or outcome data relevant to this review. Similarly, Carlsson and

Britton (1993) found that 23% of 226 patients experienced falls in systolic BP of

20mmHg or more one, three, six and 12 months post stroke when rising from the

supine position to sitting up in bed or, if able, standing. The primary objective of this

study was to investigate BP after discharge from hospital, not to investigate the
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influence of postural change on BP (Carlsson & Britton 1993). Therefore, only

seven references identified by the electronic search were relevant to this review.

A further two studies were identified using the other search strategies: one by manual

searching, and the other by contacting researchers in the field (Chatterton et al. 1998

personal communication;Panayiotou et al. 1996). The first study was published as an

abstract in 1996 and after contact with the authors the complete manuscript was

obtained (Panayiotou et al. 1996). This has subsequently been published (Panayiotou

et al. 1999). The other completed, but as yet, unpublished study measured the effect

ofpositioning on arterial oxygen saturation (SaCh) and BP in 24 patients with mild to

moderate hemipelgia (Chatterton et al. 1998 personal communication). However, the

results of this study are not available until after publication (Chatterton et al. 1998

personal communication). Therefore, in total eight studies were included in this

systematic review.

2.3.1 Characteristics ofidentified studies

The specific aim of five included studies was to identify whether changing the

position of stroke patients affects their oxygenation (Misra et al. 1997;Elizabeth et al.

1993;Pang et al. 1988) or blood pressure and heart rate (Panayiotou et al.

1999;Farnsworth & Heseltine 1994) during postural manoeuvres that involved the

patients moving themselves or being positioned by the nurses (physiological

manoeuvres). The aim of the other three studies was to identify pathological changes

in the autonomic nervous system after stroke by measuring blood pressure before,
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during, and after moving from the supine to head-up positions using a tilt table

(Naver et al. 1996;Robinson & Potter 1995;Korpelainen et al. 1994).

A summary of the characteristics of the seven included studies is given in Table 2.3.

All these studies included 40 or less stroke patients (range 9 to 40). Three of the

studies of physiological postural manoeuvres included acute stroke patients who

were studied within three days from stroke onset (Panayiotou et al. 1999;Elizabeth et

al. 1993;Pang et al. 1988). Misra et al (1997) did not state the latency from stroke

onset to the study day and it was not clear how many of the patients actually had a

stroke. Only one study included a sample size calculation to establish the minimum

number of subjects required in each group to detect clinically significant changes in

systolic BP with positioning (Panayiotou et al. 1999). The patients in Farnsworth

and Heseltine's study had well-established stroke (Chronic phase) (Farnsworth &

Heseltine 1994). The tilt table studies were more likely to include patients seven

days after the stroke (subacute phase) (Naver et al. 1996;Robinson & Potter

1995;Korpelainen et al. 1994). Four studies measuring blood pressure repeated their

measurements: three less than seven days after the first study (Panayiotou et al.

1999;Robinson & Potter 1995;Farnsworth & Heseltine 1994) and the other at one

and six months after the stroke (Korpelainen et al. 1994). One of the physiological

manoeuvre (Panayiotou et al. 1999) and two of the tilt table studies included only

those patients who had an ischaemic stroke (Robinson & Potter 1995;Korpelainen et

al. 1994). The other five studies did not state whether the patients had an ischaemic

stroke or not (Misra et al. 1997;Naver et al. 1996;Farnsworth & Heseltine

1994;Elizabeth et al. 1993;Pang et al. 1988). All the patients included in the tilt table

studies had their CT scan to confirm they had a stroke (Naver et al. 1996;Robinson &
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Potter 1995;Korpelainen et al. 1994). Two of the physiological manoeuvre studies

only included those stroke patients with severe motor deficits (Elizabeth et al.

1993;Pang et al. 1988). Another two of the physiological manoeuvre studies

included only those stroke patients with mild to moderate motor deficits who had the

ability to rise to standing from the supine position with minimal assistance

(Panayiotou et al. 1999) or were able to walk with or without aid (Farnsworth &

Heseltine 1994). One of the tilt table studies included only those patients with severe

motor deficits who were dependent on others in the "activities of daily living"

(Robinson & Potter 1995). All of the studies prevented patients with co-existing

illnesses, particularly ones that could affect breathing or blood pressure regulation,

from taking part in the study (Table 2.3). Four of the studies, three ofwhich were tilt

studies, included patients who were rather young (the mean age for patients in these

studies was about 60 years) (Misra et al. 1997;Naver et al. 1996;Robinson & Potter

1995;Korpelainen et al. 1994). One of the physiological studies included more

female than male patients (Elizabeth et al. 1993), whereas two of the other

physiological (Panayiotou et al. 1999;Farnsworth & Fleseltine 1994) and two tilt test

studies included more male patients in their study (Robinson & Potter

1995;Korpelainen et al. 1994). Five of the studies included age matched control

groups (Panayiotou et al. 1999;Naver et al. 1996;Robinson & Potter

1995;Korpelainen et al. 1994;Elizabeth et al. 1993) and one study included a control

group whose mean age was five years younger than the study group (Misra et al.

1997). Three physiological manoeuvre studies included control groups: Elizabeth et

al included a group of acute in-patients admitted to the same ward as the stroke

patients; Misra et al included a group of subjects with no known neurological or
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cerebrovascular disease, but did not state whether these patients were otherwise

healthy or not; and Panayiotou et al selected a group of acute hospital admissions

without a history of cerebrovascular disease. All of the tilt table studies included a

control group of healthy subjects (Naver et al. 1996;Robinson & Potter

1995;Korpelainen, et al. 1994) and one of these studies also included a group of

outpatients who had one TIA six to 24 months before the study day (Naver et al.

1996).

The remainder of the results will be presented according to whether the study used

physiological manoeuvres or a tilt table to alter the patient's position.

2.3.2 Studies usingphysiologicalpostural manoeuvres

2.3.2.1 Methodological quality

Three studies measured oxygen saturation (Misra et al. 1997;Elizabeth et al.

1993;Pang et al. 1988) and two measured BP while changing the posture of patients

with acute stroke using physiological manoeuvres (Panayiotou et al.

1999;Farnsworth & Heseltine 1994).

1. Oxygen saturation (Table 2.4). Each of these studies measured a different

component of oxygen saturation using different equipment. The earliest study took

one arterial blood sample in each position, but did not state where the arterial cannula

was situated (Pang et al. 1988). The other two studies took continuous
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measurements of oxygen saturation non-invasively (Misra et al. 1997;Pang et al.

1988). Elizabeth et al (1993), took pulse oximetry measurements of SaCF from the

finger of the paretic hand. Misra et al (1997), used a cerebral oximeter with the

sensor placed on the forehead below the hairline to take regional cerebral oxygen

saturation (rSCF) measurements. Both Pang et al (1988) and Elizabeth et al (1993)

took measurements while positioning the patient in bed, but for the sitting position,

Pang et al (1988) did not make it clear whether the patients were sitting up in bed or

in a chair. Misra et al (1997) did not take measurements with patients lying on their

sides. The time the patients spent in each position was different in each of the

studies (range 10 to 60 minutes) and only one of these studies randomised the order

of the positions (Pang et al 1988). In a subgroup of 12 patients, Pang et al further

studied the affect of 28% oxygen on postural changes.

2. Blood pressure (Table 2.4). The two studies measured BP and heart rate using

non-invasive BP (NIBP) devices. The early study measured BP with a Hawksley

random zero sphygmomanometer (Farnsworth & Heseltine 1994), whereas the more

recent study examined NIBP using an automatic oscillometric device (Panayiotou et

al. 1999) (see section 4.2.3). Panayiotou et al (1999) recorded BP from the non-

paretic arm, whereas Farnsworth and Heseltine (1994) did not describe the position

of the BP arm cuff. Both studies measured BP in supine and standing positions, but

Panayiotou et al also measured BP in the sitting position (Panayiotou et al.

1999;Farnsworth & Heseltine 1994). Neither study randomly allocated the order of

the positions. Farnsworth and Heseltine recorded two BP measurements one minute

after assuming each the positions (Farnsworth & Heseltine 1994). They did not

indicate how long patients maintained the supine position, but BP recordings were
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taken one minute after standing (Farnsworth & Heseltine 1994). Panayiotou et al

recorded one BP measurement after ten minutes in the supine position and three BP

measurements were taken within five minutes of assuming either the sitting or

standing positions (Panayiotou et al. 1999). In order to investigate the effect of

postprandial cardiovascular changes, Farnsworth and Fleseltine also measured the

patients supine and standing BP after they had consumed a meal or water and

completed a three-minute walk (Farnsworth & Fleseltine 1994).

2.3.2.2 Results

1. Oxygenation (Table 2.5). Pang et al (1988) found that 20 stroke patients with

dense hemiplegia had a mean PaC>2 of 7.48 kPa (56.1mmHg, 85-95% saturation) over

the whole observation period, indicating a moderate degree of hypoxaemia in these

patients. The study was repeated in a subgroup of 12 patients who had a higher mean

PaC>2 (10.5 kPa) than the entire group (Pang et al. 1988). This group was given

supplementary oxygen (28%) and this increased the PaC>2 by 2.5 kPa in each of the

four positions (Pang et al. 1988). However, regardless of whether the patient

received supplementary oxygen or not, PaC>2 stayed the same in all four positions

(supine, side lying and sitting up) (Pang et al. 1988). There was a statistically

significant increase in PCO2 when the patient was lying on either side compared to

supine position or sitting up, but this was very small (0.2 kPa, p<0.05, two-way

ANOVA) (Pang et al. 1988). Elizabeth et al found that in the first ten stroke patients

to be studied, SaC>2 was lower in horizontal positions (90%) than when patients were

sitting propped up in bed (91%), but this mean difference in absolute SaC>2 of 1%

saturation was not statistically significant (Elizabeth et al. 1993). Compared to ten
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acute in-patient control subjects, stroke patients had a significantly lower SaC>2 when

lying in supine and side lying positions (94% versus 90%, p<0.01, Mann Whitney

unpaired t-test), but not when propped-up in bed (Elizabeth et al. 1993). Elizabeth et

al recruited a further nine patients (total number=19) and found that Sa02 was

consistently higher on sitting up than when lying in the supine position, the paretic

and non-paretic sides (94.5% versus 92%, p<0.03, Wilcoxon t-test). Elizabeth et al

also found SaC>2 was similar when lying on either the paretic (89.4%) or non-paretic

(89.7%) sides. In conclusion, Elizabeth et al considered that the propped-up position

was of more therapeutic value for patients with an acute stroke. Conversely, the

study measuring oxygen saturation in the brain found that in patients with moderate

to severe carotid or vertebral stenosis, absolute rSC>2 was significantly higher by 10%

to 20% saturation in the supine position than in the sitting or standing positions

(Misra et al. 1997).

2. Blood Pressure (Table 2.6). Panayiotou et al found acute stroke patients lying in

the supine position had significantly higher systolic, diastolic and mean BP than the

hospitalised control patients (Panayiotou et al. 1999). Also between the first study

(<3 days from stroke onset) and the repeat study (four to seven days after the first)

acute stroke patients, but not control subjects, had a statistically significant fall in all

supine blood pressure parameters of between 7mmHg and lOmmHg (Panayiotou et

al. 1999).

Farnsworth et al measured BP in the sitting position and one minute after standing in

15 elderly stroke patients and found a non-significant rise in systolic, diastolic and

mean BP by lOmmHg and in heart rate by 4bpm (Farnsworth & Heseltine 1994).
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Similarly, Panayiotou et al found that 40 acute stroke patients had an elevated

diastolic and mean BP for up to five minutes after rising from the supine position to

the sitting positioning (4mmHg) and on standing (5mmHg) (Panayiotou et al. 1999).

When this study was repeated four to seven days later, stroke patients continued to

experience an increase in diastolic and mean BP on standing from the supine

position, but this recovered back to baseline values within the five minute recording

period (Panayiotou et al. 1999). This pattern of BP change was not observed in the

control group (Panayiotou et al. 1999). Panayiotou et al also found a short-lived

non-significant fall in systolic BP of 4mmHg on rising from the supine position to

standing in both stroke and control patients, but it returned back to baseline values

within the five minute recording period (Panayiotou et al. 1999). This transient fall

in systolic BP was statistically significant in control patients (mean decrease in

systolic BP on rising from supine to standing=8mmHg), but not in stroke patients

(Panayiotou et al. 1999). In both stroke and control patients heart rate was

significantly faster in the sitting and standing positions compared to lying supine by

approximately lObpm. Panayiotou et al found that the frequency of sustained

postural hypotension (a systolic fall of >20mmHg on rising from supine to sitting or

standing) was less than 10% in both acute stroke patients and elderly control subjects

(Panayiotou et al. 1999). Consequently, they suggest that upright positioning in most

patients with mild or moderate acute ischaemic stroke is unlikely to cause

detrimental falls in orthostatic BP and CBF (Panayiotou et al. 1999) (Table 2.6).
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2.3.3 Studies using the tilt table

2.3.3.1 Methodological quality

Three studies took BP and heart rate measurements before and during (Naver et al.

1996;Robinson & Potter 1995) or before and after (Korpelainen et al. 1994) passive

head-up tilt on a tilt table (Table 2.7). All the studies used different automated

devices to measure BP: two studies determined BP using the oscillometric method,

so BP measurements were taken intermittently (Naver et al. 1996;Korpelainen et al.

1994), and the other study took beat-to-beat measurements of finger arterial BP using

a "Finapres device" (Robinson & Potter 1995) (see section 4.2.3). The number and

the interval between the BP measurements taken in each position were different in all

three studies (Naver et al. 1996;Robinson & Potter 1995;Korpelainen et al. 1994)

(Table 2.7). Two studies gave details on the site ofmeasurement (Robinson & Potter

1995;Korpelainen et al. 1994), and only one of these studies mentioned whether the

measurements were taken on the paretic side or not (Robinson & Potter 1995) (Table

2.7). No studies randomised which side the measurements were to be taken from

(left or right; paretic or non-paretic). The degree of tilt was different in each of the

three studies, as was the length of time the patient spent in the supine position or in

the head-up position (Table 2.7). The results of all these studies may be confounded

because they included other tests (autonomic function tests and carbohydrate-loaded

drinks) that may alter BP (Naver et al. 1996;Robinson & Potter 1995;Korpelainen et

al. 1994) (Table 2.7).
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In two of the studies there were small non-significant increases in diastolic BP on

head up tilt (Robinson & Potter 1995;Korpelainen et al. 1994) (Table 2.8). Two

studies found that the age matched healthy controls had slightly larger increases in

diastolic BP after tilting compared to the stroke patients (Naver et al. 1996;Robinson

& Potter 1995). Systolic BP fell in stroke patients and controls during tilting, but the

magnitude of fall was different in each of the three studies (Table 2.8). Naver et al

(1996) found that the stroke patients had significantly larger fall in systolic BP than

age and sex matched healthy controls (Table 2.8). This study also found that the TIA

patients' systolic BP fell, but this was not significantly different from healthy

controls (ppNaver et al. 1996) (Table 2.8). The length of time it took for the BP to

stabilise during tilting was only reported in one study (Naver et al. 1996). They

found that all healthy control subjects BP stabilised within 30 seconds of reaching

the head-up position, but in eight out of the 23 stroke patients and four of 11 of the

TIA patients BP continued to decrease for 1-2 minutes and stabilised 2.5 minutes

after reaching the head-up position (Naver et al. 1996).

In two of the studies (Naver et al. 1996;Robinson & Potter 1995) heart rate increased

by approximately lObpm, similar to controls in one study (Robinson & Potter 1995)

but significantly faster than controls in another study (Naver et al. 1996). Heart rate

variability was also measured in these two studies which included other autonomic

tests (Naver et al. 1996;Korpelainen et al. 1994). Both these studies found that the

heart rate variability, (calculated as the (RRmax - Rrmin)/ mean RR) was significantly

reduced in patients with cerebrovascular disease compared to healthy control
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subjects (Naver et al. 1996;Korpelainen et al. 1994). Naver et al also found that

patients with right-sided lesions had significantly lower heart rate variability than

patients with left-sided lesions (Naver et al. 1996).

2.4 Discussion

The five small studies of physiological manoeuvres and the three tilt test studies

displayed a number of serious methodological issues, including patient selection,

sample size, equipment and measurement differences, and confounding, all of which

may have exerted a powerful influence on the results. These issues made it

impossible to determine whether there is an optimal position for conscious and

unconscious stroke patients from the point of view of reducing detrimental falls in

blood oxygen and BP. Moreover the circulatory response upon passive changes in

posture differs distinctly from the response to active standing (Mathais & Bannister

1992a), thus the studies of physiological manoeuvres and those using a tilt table will

be considered separately.

2.4.1 Physiological manoeuvres

2.4.1.1 Peripheral oxygen measurements

It is well established that gas exchange in patients with unilateral lung disease (Yeaw

1996;Remolina et al. 1981), hemidiaphragmatic paralysis (Clague & Hall 1979), and

thoracotomy (Seaton et al. 1979) can be affected substantially by changes in posture

particularly when the patient is lying on the paretic side. Pang et al (1988) and

Elizabeth et al (1993) thought that this situation was analogous to acute stroke
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patients with severe hemiplegia who have reduced chest wall movement and

decreased electromyographic activity in the intercostal muscles and hemidiaphragm

on the side of paresis during voluntary deep breathing (Fluck 1966). They also felt

that if postural hypoxaemia occurred in the acute phase of stroke it could have an

adverse effect on prognosis (Elizabeth et al. 1993;Pang et al. 1988). Therefore, both

these studies had similar inclusion and exclusion criteria (Elizabeth et al. 1993;Pang

et al. 1988). They included only those stroke patients with a severe hemiplegia who

required regular repositioning by the nurses and studied them within two days of

stroke onset (Elizabeth et al. 1993;Pang et al. 1988). They excluded patients with

obvious lung disease and heart failure, i.e. those with co-existing breathing problems

(Elizabeth et al. 1993;Pang et al. 1988). However, co-existing diseases are common

in the elderly and consequently, many patients with stroke. Therefore, by excluding

such patients the results may not be applicable to many hospitalised stroke patients.

Furthermore, the total number of patients in these studies was very small and neither

group included a sample size calculation to see if the number was adequate to detect

clinically important falls in arterial oxygen tension/saturation (Elizabeth et al.

1993;Pang et al. 1988).

Pang et al was the only study included in this review which randomised the order of

the positions to minimise unknown confounding factors (Pang et al. 1988). It was

also the only study that took invasive measurements during changes in posture (Pang

et al. 1988). However, taking a large number of blood samples from arterial cannula

increases the risk of infection, bleeding and thrombosis, it may also be difficult to

obtain access and measurements can only be taken intermittently (Williams 1998)

(see section 4.3.1). On the other hand, pulse oximetry, which was employed by
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Elizabeth et al (1993), is easy to use, non-invasive, takes continuous measurements,

and is unlikely to harm the patient's skin (Tremper et al. 1985) (see section 4.3.1).

However, this device is known to have a number of limitations, which may affect the

accuracy of the results (Stoddart et al. 1997) (Table 4.1). However, Elizabeth et al

did not report on how they minimised the potential for artefact (Elizabeth et al.

1993).

Neither Pang et al or Elizabeth et al found any significant difference in mean arterial

oxygen tension or saturation between the four positions (sitting, supine and side to

side) in stroke patients (Elizabeth et al. 1993;Pang et al. 1988) or age matched

control subjects (Elizabeth et al. 1993). However, Elizabeth et al found that stroke

patients had a higher arterial oxygen saturation for longer periods of time when they

were sitting propped-up in bed. Pang et al may have been unable to detect these

fluctuations in arterial oxygen saturation because they only took one measurement 20

minutes after the patient assumed one of the positions, whereas Elizabeth et al took

continuous measurements for one hour in each of the positions. As in a previous

study (Walshaw & Pearson 1994), the patients with hemiparetic stroke included in

these studies had mild degree of hypoxaemia (Elizabeth et al. 1993;Pang et al. 1988).

Pang et al found that this reduced oxygenation could be elevated by supplementary

oxygen. It has been suggested that treating patients with oxygen therapy may help to

reduce the size of the infarct if administered within the first few hours of the stroke

(Walshaw & Pearson 1994). However, a recent quasi-randomised controlled trial

found that the outcome of stroke patients who received supplemental oxygen therapy

within the first 24 hours of hospitalisation was slightly worse than those who did not

receive the treatment (Ronning & Guldvog 1999). However, the patients included in
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this trial were not hypoxic and had only moderate to minor stroke, therefore these

data may not applicable to patients with severe stroke (Ronning & Guldvog 1999).

2.4.1.2 Cerebral oxygen saturation measurements

Misra et al (1997) were interested to find out whether stroke patients with

symptomatic carotid/vertebral disease had impaired autoregulation and cerebral

blood flow by assessing postural changes in regional cerebral oxygen saturation. The

patients included in this study were relatively young and it was not clear if they had a

definite stroke or not. Furthermore, these patients were able to stand 'actively' after

a period of sitting, suggesting that they were less disabled or sick than the majority of

hospitalised stroke patients. Therefore, the results of this study are probably not

generalisable to many stroke patients.

This study used the new technology of near infrared spectroscopy (NIRS) to take

continuous measurements of regional cerebral oxygen saturation (see section 4.2.2).

Near infrared spectroscopy is thought to monitor regional oxygen extraction of

cerebral tissue responses to changes in cerebral blood flow, arterial saturation,

haemotocrit and cerebral oxygen metabolism beneath sensors placed over the area of

brain of interest (Kurth & Uher 1997). However, Misra et al placed the sensors over

the frontal lobes ignoring the site of cerebral infarct. Although, this tool has been

used in several stroke research areas, such as carotid artery surgery and detection of

cerebral ischaemia (Mead et al. 1995;Slavin et al. 1994), it has not yet been

extensively evaluated and is not recommended for use in clinical areas or a research

tool (McKeating et al. 1997) (see section 4.3.2).
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Using this technology, Misra et al (1997) found that when the patients were in the

supine position the mean rSC>2 was 68-70%, which is similar to the absolute value of

intracerebral oxygen saturation for healthy adults (Kurth & Uher 1997). There was a

mean fall in absolute rSC>2 of about 10% saturation on sitting from the supine

position, and further decrease of 7% on standing from the sitting position (Misra et

al. 1997). However, Misra et al did not make it clear whether the patients in their

study experienced any symptoms of ischaemia in head-up positions. As in a

previous study of ten healthy volunteers, the control group in this study showed that

oxygen saturation in the brain either stays constant or changes within a 1-2% limit

after rapid changes in body position (Slavin et al. 1994). Misra et al concluded that

these results were suggestive of disrupted cerebral autonomic regulation in patients

with carotid-vertebral artery disease. However, until the questions concerning the

accuracy of NIRS has been addressed, these results should be viewed with caution

(see section 4.3.2.2).

2.4.1.3 Blood Pressure and Heart Rate

It has been recognised that the maintenance of blood pressure with changes in

posture becomes less well controlled with advancing age (Wollner et al. 1979). In

1965, Johnson and Smith observed in 100 patients in a geriatric unit, many of whom

had cerebrovascular disease, that nearly 20% exhibited a fall of 20mmHg in systolic

blood pressure on standing from the supine position for two minutes (Johnson &

Smith 1965). More recent studies have also reported similar frequencies of postural

hypotension in elderly patients with established stroke (Carlsson & Britton

1993;Palmer 1983). These studies all questioned whether postural hypotension is a

83



Chapter Two

direct consequence of ageing or disease, particularly cerebrovascular disease

(Carlsson & Britton 1993;Palmer 1983;Johnson & Smith 1965)

The aims of the studies by Farnsworth and Heseltine and Panayiotou et al were to

find out whether stroke patients had altered autonomic function in response to either

changes in posture (Panayiotou et al. 1999) or before and after food (Farnsworth &

Heseltine 1994). Panayiotou et al's study was also designed to find whether

impaired autonomic function recover within seven days of stroke onset. Only

Panayiotou et al included a sample size calculation to see if the number of patients in

the stroke and control groups was adequate to detect clinically significant differences

in systolic BP. Both studies included patients who had mild to moderate stroke who

were able to stand up with minimal assistance, otherwise the types of patients

included in the two studies were different (Panayiotou et al. 1999;Farnsworth &

Heseltine 1994). Farnsworth and Heseltine measured blood pressure in 15 elderly

stroke patients who were receiving rehabilitation at a Day Hospital (Farnsworth &

Heseltine 1994), whereas Panayiotou et al included 40 hospitalised patients who

were observed within the first 24 hours of stroke (Panayiotou et al 1999). Unlike the

studies mentioned above, Panayiotou et al found that the incidence of postural

hypotension was less than 10% in both the stroke and control groups. Therefore, the

patients included in both these studies are probably not representative of many

hospitalised stroke patients.

The two studies used different methods to measure BP non-invasively (Panayiotou,

Reid, Fotherby, & Crome 1999;Farnsworth & Heseltine 1994). Farnsworth and

Heseltine tried to minimise observer bias by using a manual BP device - a Hawksley
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random zero sphygmomanometer (Farnsworth & Heseltine 1994). This manometer

is larger than a mercury sphygmomanometer and ten times more expensive (O'Brien

& Fitzgerald 1994). Its function is similar to the mercury sphygmomanometer but a

wheel is spun before each measurement to adjust the zero to an unknown level in

order to reduce observer prejudice (see section 4.2.3). However, a study published a

year before Farnsworth and Heseltine, found that this device does not generate

random numbers (Holmes et al. 1993). It has also been shown to systematically give

lower readings than the standard mercury sphygmomanometer and is therefore no

longer recommended in its present design for research studies (O'Brien & Fitzgerald

1994, O'Brien et al. 1990c). On the other hand, Panayiotou et al reduced observer

bias by measuring BP and heart rate using an automated oscillometric device -

Spacelab 90207 (Panayiotou et al. 1999). This device meets the validation criteria of

the British Hypertension Society (O'Brien et al. 1991) (see section 4.3.3).

Panayiotou et al applied the BP arm cuff to the patient's non-paretic arm (Panayiotou

et al. 1999). This was because in a previous study Panayiotou and colleagues

established that the inter-arm difference in blood pressure in 15 stroke patients was

less than 5mmHg and was probably not clinically significant (Panayiotou et al. 1993)

(see section 4.4.3). Thus, they believe that it does not matter whether BP is

measured from the paretic or non-paretic arm (Panayiotou et al. 1993).

Both Farnsworth and Heseltine (1994) and Panayiotou et al (1999) found that

patients with acute and established stroke had elevations, rather than falls, in

diastolic and mean BP when they moved from supine to sitting or standing postures.

Panayiotou et al (1999) suggested that this phenomenon may be due to sympathetic

overactivity in the acute phase of stroke. This is consistent with the presence of
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raised serum and urinary catecholamines levels, indices of sympathetic nervous

system activity, in the first week post stroke (Jansen et al. 1988). Sympathetic

overactivity has been attributed to stress of the acute illness, effects of cerebral tissue

damage, and ischaemia of autonomic nervous centres (Myers et al. 1981). However,

this theory does not adequately explain the similar results in patients with established

stroke (Farnsworth & Heseltine 1994). Panayiotou et al also found that the control

group of elderly hospitalised patients and stroke patients exhibited a transient fall in

systolic BP when they moved from supine to the sitting or standing postures

(Panayiotou et al. 1999). These short lasting changes in systolic BP and the

concomitant increases in heart rate are consistent with early (within one minute or

less) normal steady state blood pressure and heart rate adaptation on moving from

horizontal positions to vertical positions (Mathias & Bannister 1992a). It is

important to note that in both studies consecutive blood pressure readings were taken

within one to two minutes of the last measurement (Panayiotou et al.

1999;Farnsworth & Heseltine 1994). This may have influenced the results because

the first reading of systolic and diastolic pressure from the arm does affect the

subsequent systolic and diastolic blood pressure reading from the arm (Khan et al.

1998) (see section 4.4.3). A recent study found that consecutive readings resulted in

an average decrease in systolic BP of 9mmHg and increase in diastolic BP by

llmmHg, but this was not significant if a time of more than four minutes lapsed

between the measurements (Khan et al. 1998) (see section 4.4.3).
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2.4.2 Tilt Table Studies

The aim of the three tilt studies was to investigate if stroke patients had an autonomic

disorder in response to passive changes in posture using a tilt table (Naver et al.

1996;Robinson & Potter 1995;Korpelainen et al. 1994). Two of the studies tested the

cardioreflex control by disturbing the circulatory system and observing its

subsequent recovery to a number of manoeuvres, such as head-up tilt, forced

breathing and the Valsalva manoeuvre (Naver et al. 1996;Korpelainen et al. 1994).

Many investigators favour this method of using a number of tests because autonomic

failure involves a number of afferent pathways, central connections, efferent

pathways, target organs, or a combination of these, depending upon the disorder

(Mathias & Bannister 1992a). However, these additional tests require the full co¬

operation of the patient, in particular the Valsalva manoeuvre requires the patient to

blow with an open glottis at pressures of 40mmHg for more than 10 seconds

(Metzger & Therrien 1990). An abnormal result of the Valsalva manoeuvre could be

poor patient effort, closed glottis, ageing, diseased lungs, cardiac disease or

autonomic disease (Mathias & Bannister 1992a).

The aim of the study by Robinson et al was to test whether stroke patients were more

likely to experience orthostatic falls in BP before and after head-up tilting and after

consuming a carbohydrate drink than aged matched control subjects (Robinson &

Potter 1995). Food is known to aggravate postural hypotension (Heseltine & Potter

1990). For practical reasons, such as randomisation of the caloric content of the

meal and blinding of both the subjects and the observer, the patients were given a

liquid meal. This is easily prepared and readily ingested when the patient is flat, so
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the effects of food ingestion can be obtained independently of postural change

(Mathias & Bannister 1992a).

All three studies excluded patients with co-existing medical problems or on

medication known to disrupt autonomic responses (Naver et al. 1996;Robinson &

Potter 1995;Korpelainen et al. 1994). Moreover these patients were mainly young

and were studied more than seven days after stroke onset, therefore, the results may

not be applicable to many patients with acute stroke. Two of the studies justified

their use of the tilt table because they included patients who were unable to stand up

actively (Naver et al. 1996;Robinson & Potter 1995). The tilt table is also

advantageous when subjects with severe symptomatic postural hypotension require

to be rapidly returned to horizontal positions (Mathias & Bannister 1992a).

Although, comparative studies have shown that tilting and active standing will

increase heart rate, BP responses are strikingly different (Mathias & Bannister

1992a). For example, systolic BP falls during tilt but is elevated during standing;

diastolic pressure is elevated with tilt but may fall during standing (Mathias &

Bannister 1992a). This is concordant with the direction of heart rate and systolic BP

change seen in all three studies, and in the direction of diastolic BP change in two of

the studies. The differences between active standing and tilting may be attributed to

the effects of contraction of leg and abdominal muscles on the circulation during

standing up (Vargas & Lye 1980).

The results of each of the tilt studies could have been influenced by the method of

BP measurement. Korpelainen et al (1994) and Naver et al (1996) took consecutive

measurements non-invasively using an arm cuff linked to an automated oscillometric
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device, as previously mentioned the time period between arm cuff readings requires

to be more than two minutes apart to avoid the arm cuff reading influencing the next

arm cuff reading (Khan et al. 1998). Conversely, Robinson et al took automated

non-invasive measurements using the Finapres device (Robinson & Potter 1995).

This takes continuous BP and heart rate measurements via a small inflatable finger

cuff connected to a front-end box attached to the hand. Stroke patients often find this

device cumbersome (because of the box which attaches to the hand) and it is often

not suitable for uncooperative confused patients who refuse to keep the measurement

hand level with the heart (Khan et al. 1998) (see section 4.3.3). Robinson et al

minimised hydrostatic artefacts by placing the cuff on the hemparetic hand

(Robinson & Potter 1995). However, conditions that provoke severe peripheral

arterial contraction and consequently, low arterial flow to the hand may be a major

limitation (Dewar et al. 1992). Therefore, randomising the finger (or arm) BP cuffs

may avoid unknown confounding factors.

The magnitude of change was different in all three studies. However, it is unlikely

that the differences between the studies in the angle of head-up tilt (60°, 80°, 90°)

influenced the results. This is because the effect that hydrostatic pressure has on

cerebral haemodynamic responses appears to be identical at 60° head up tilt and at

90° (Feldman et al. 1992). However, there is evidence that the length of time both at

rest and in the tilt position could influence the magnitude of change in blood pressure

and heart rate (Vargas & Lye 1993;Mathias & Bannister 1992a). It has been

recognised that the maximum magnitude of change in heart rate response after 20

minutes rest in the supine position exceeds the maximum after one minute of supine
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rest by about 30% (Vargas & Lye 1993), therefore, Naver et al's results should be

interpreted cautiously. The three studies also measured different component of tilt

because they took blood pressure and heart rate measurements at different time

points: Korpelainen et al measured the initial response after tilting the patient for two

seconds; Robinson et al measured the steady state response (occurs with 1-2 minutes

after tilting); and Naver et al measured the response to prolonged head-up tilt (5

minutes after tilting). Two studies also found that heart rate variability was

significantly reduced in stroke patients compared to age and sex matched control

subjects (Naver et al. 1996;Korpelainen et al. 1994). This phenomenon reflects the

imbalance between the sympathetic and parasympathetic autonomic nervous system

(Korpelainen et al. 1994). It is also associated with serious cardiac complications

and increase in sudden death and therefore may result in a poor prognosis for many

stroke patients (Naver et al. 1996;Korpelainen et al. 1994). Patients with a right-

sided lesion may be most at risk, because there is some experimental evidence to

suggest a right-sided dominance for sympathetic effects (Klingelhofer & Sander

1997). However, this will need to be proven in a large prospective clinical study

(Naver et al. 1996).

2.4.3 Conclusion

The few studies included in this review suggest that altering the posture of patients

with acute stroke may alter blood pressure, oxygenation and heart rate. However, at

present there are too few data to reliably estimate the magnitude of change in these

variables between positions in both acute stroke patients and control subjects.

Therefore, it could not be determined whether acute stroke patients experience
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episodes of hypoxia or hypotension during changes in posture that could potentially

damage an already vulnerable brain. Furthermore, the paucity of studies and patients

makes it impossible to assess whether head-up positions are better than horizontal

positions, lying on the non-paretic side is better than the paretic side, or whether

there is one overall position which is better for conscious or unconscious stroke

patients. Therefore, a larger prospective observational study was justified

2.4.4 Summary

A systematic search of the literature identified eight studies that measured either

blood oxygen (n=3) or blood pressure and/or heart rate (n=5) before, during and after

changing the position of patients with acute stroke. The overall quality of these

studies was poor and each displayed a number of serious methodological problems

including: patient selection; sample size; limited generalisability; equipment and

measurement differences; and confounding. The poor quality of these studies made

interpretation of their results difficult. There were also too few data to determine

reliably whether acute stroke patients experience episodes of hypoxia or hypotension

during changes in posture that could potentially damage an already vulnerable brain.

Therefore, this systematic review highlighted the need for further research in a larger

sample of acute stroke patients.
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Table 2.1 Electronic search to identify studies on the effect of positioning on
blood oxygen and blood pressure (from 1976 to 1998)

MEDLINE terms Notes

1 cerebrovascular disorders/

2 strokeS.tw.

3 cerebrovasculars.tw.
4. (cerebral or cerebellar or brainstem or
vertibrobasiler).tw.
5. (infarcS or isch?emi$ or thromboS or emboli$).tw.
6. 4 and 5

7. carotids.tw.
8. (cerebral or intracerebral or intracranial or
parenchymal).tw.
9. (brain or intraventricular or brainstem or
subarchnoid).tw.
10. (intratentorial or supratentorial or subarachnoid).tw.
11. 8 or 9 or 10
12. (haemorrhage or hemorrhage or haematoma or
hematoma).tw.
13. (bleeding or aneurysm).tw.
14. 12 or 13
15. 11 and 14
16. thromboS.tw.
17. (intracranial or (venous adj5 sinusS) or (sagittal adj5
venous) or (sagittal adj5 vein)).tw.
18. 16 and 17
19. transient isch?emic neurologicS deficiS.tw.
20. reversible isch?emic neurologicS deficits.tw.
21. venous malformationS.tw.
22. arteriovenous malformationS.tw.
23. 21 or 22
24. 11 and 23
25. exp aphasia/
26. hemianopsia/
27. hemiplegia/
28. (aphasS or dysphasiS or hemianop$).tw.
29. (hemiplegiS or hemipar$).tw.
30. 25 or 26 or 27 or 28 or 29
31. or/1-3,6-7,15,18-20,30.
32. leukomalacia, periventricular/
33. cerebral anoxia/
34. exp dementia, vascular/
35. exp vascular, headache/
36. migrainS.tw.
37. 32 or 33 or 34 or 35 or 36
38. 31 not 37
39. animal/
40. human/
41. 39 not 40
42. 39 not 41
43. 38 not 42

/indicates MEDLINE index term (MESH)

.tw. is a search ofwords in the title/abstract.S is a

truncation term: words beginning 'stroke' are
identified.

'or' operator means an article only has to include
one of the terms identified

'and' operator means an article must be found in
both sets to be identified.

The final search for articles related to stroke =
74050 articles
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Table 2.1 (ctd)

Notes
MEDLINE terms

44. blood pressure/
45. blood pressure determination/
46. blood pressure monitors/
47. hypertension/
48. hypotension/
49. hypertensS.tw.
50. hypotensS.tw.
51 (bloodS adj25 pressurS).tw.
52. (systolicS adj25 pressur$).tw.
53. respiration/
54. oximetry/
55. blood gas analysis/
56. anoxia/
57. (oxygenS adj25 saturat$).tw.tw.
58. hypoxS.tw.
59. (oxygenS adj25 tensions).tw.
60. (bloodS adj25 gas$).tw.
61. or/44-52 The final search for articles related to blood

pressure = 264992 articles
62. or/53-60 The final search for articles related to

oxygenation = 148022 articles
63. posture/
64. valsalva's manoeuver/
65. hypotension, orthostatic/
66. tilt-table test/
67. valsavaS.tw.
68. posturS.tw.
69. tiltS.tw.
70. [supine or standing or recumbent or prone or lateral or
sitting] .tw.
71. or/63-70 The final search for articles related to

positioning = 182290 articles

72. 43 and (61 or 62 or 71) Final Search = 1308
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Table 2.2 Results of validation ofMEDLINE search using hand-searching of
stroke from 1980 to 1997 (for details of the search see Table 2.1)

Sensitivityt (%, 95%CI) Precision* (%, 95% CI )

3/3 (100, 0.292-1) 3/46 (7, 0.0136-0.179)

t Sensitivity = number of relevant articles identified by MEDLINE search
number of relevant articles identified by hand-searching

^Precision = number of relevant articles identified by MEDLINE search
total number articles identified by MEDLINE search
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Table2.3Characteristicsofstudiesincludedinthesystematicreviewonpositioning Study

Typeof manoeuvres

Size

Latency(days)from strokeonsettostudy day
A.Typeofstroke B.Severityofstroke C.nwith(right/left)hemiplegia
Exclusions

Meanage (years)

Male(%)

Controlgroup (Yes/No) A:type B.numberingroup C.meanage(years)

Pangetal. (1988)

physiological

20

<2

A.notstated B.severe(MRCmotorgrade0-2) C.notstated

unilaterallungdisease,chest deformity,HF,brainstem involvementandprevious stroke

notstated

notstated

No

Elizabethetal. (1993)

physiological

19

<2

A.notstated B.severe(MRCmotorgrade0-2) C.10rightand9left

abnormalbreathingpatterns, HF,abnormalchestxrayora historyofrespiratorydisease andpreviousstrokes

80

3(16)

Yes A.ageandsex matchedhospital admissions B.10 C.80

Misraetal. (1997)

physiological

20

notstated

A.symptomaticcarotid/vertebral stenosis B.notstated C.notstated

medicationwhichcould inducePH

56

21(52)

Yes A.notstated B.10 C.50

Farnsworthand Heseltine. (1994)

physiological

15

notstatedbutlikelyto be chronicphase Thestudywas repeated7daysafter thefirststudy

A.notstated B.abletowalkwithorwithout assistance C.notstated

PH,diabetes,PD,HF,chronic respiratorydisease,or malignancy

77

10(67)

No

Panayiotouetal. (1996,1999)

physiological

40

<3
Thestudywas repeated4-7daysafter firststudy

A.ischaemic B.mildtomoderate C.notstated

age>65yearsold, haemorrhage,unconscious, severemotordeficits, uncooperative,notmobileor livingathomepriortostroke, diabetes,PD,HF,MI,AF, dehydration,anaemia, bleeding,pneumonia, septicaemia,renalfailure, respiratoryfailure,orPE
76

12(60)

Yes A.ageandsex matchedacutehospital patients B.40 C.75
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Table2.3(ctd) Study

Typeof manoeuvres

Size

Latency(days)from strokeonsettostudy day
A.Typeofstroke B.Severityofstroke C.nwith(right/left)hemiplegia
Exclusions

Meanage (years)

Male(%)

Controlgroup (Yes/No) A.type B.number C.meanage(years)

Korpelainenetal. (1994)

tilttable

40

range2-10days (median7) Thestudywas repeatedat1month and6months

A.ischaemic,17rightand8left hemisphericlesionsand15brain stemlesions B.notstated C.notstated

centralandperipheralnervous lesions,medicationeffecting theautonomicsystem,cardiac andpulmonarydiseases, diabetesandalcoholism
51.4

29(72)

Yes A.healthysubjects B.55 C.49.5

Robinsonand Potter. (1995)

tilttable

9

range7-21days Thestudywas repeated<3daysafter firststudy

A.ischaemic,3haddominant hemispherelesions B.dependentonothersinADL (0HS=3-5) C.notstated

autonomicdiseases,previous strokes,diabetes,IHD,AF andAHT

67.2

6(67)

Yes A.healthysubjects B.8 C.66

Naveretal. (1995)

tilttable

23

range8-4Sdays (mean18days)

A.notstated B.notstated C.13rightand10left

cardiac,vascular, endocrinologicand neurologicaldiseases
59

notstated

Yes A.healthysubjects (T1Apatients)
B.21(11) C.61(59)

Abbreviations:IHD,ischaemicheartdisease;HF,heartfailure;PD,Parkinson'sdisease;MI;myocardialinfarction;AF,atrialfibrillation; PE,pulmonaryembolism;PH,posturalhypotension;ADL,activitiesofdailyliving;andOHS;OxfordHandicapScale(Bamfordetal. 1989).
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Table 2.4 Methodological quality of the studies using physiological position
changes

Study Measurement of Equipment Number of Site of A. Manoeuvres Time
interest A. Type measurements measurement B. Random or non- (mins) in

B. Make/ taken in each random each
Model position position
C. Invasive or

non-invasive

Pang et al. Pa02 and PCO2 A. arterial 1 Not stated A. supine, 20

(1988) cannula sitting (?bed/chair),
B. not relevant lying on non paretic
C. invasive side, paretic side

B. random

Elizabeth et Sa02 A. Pulse continuous Finger on the A. supine, lying on 60
al. oximetry paretic hand right side, left side,
(1993) B. Ohmeda propped up in bed

Biox, 3700-e- B. non-random
series
C. non¬

invasive

Misra et al. rS02 A. Transcranial continuous Sensor A. supine, sitting, 10

(1997) cerebral placed either standing, supine
oximeter to the right B. non-random
B. INVOS or left of the
3100 mid-line of
C. non the frontal
invasive lobe below

the hairline

Farasworth BP and HR A. manual 2 Arm cuff A. supine and erect 1
and random zero location not B. non-random
Heseltine sphygmoman¬ stated

(1994) ometer

B. Hawksley
C. non¬

invasive

Panayiotou BP and HR A. automated 1 in supine Arm cuff on A. supine, sitting, 10:
et al. oscillometric position and the non- supine, standing supine
(1996, sphygmoman¬ three at 1, 3, 5 paretic arm B. non-random position
1999) ometer minutes in the

B. Spacelab sitting and 5:
90207 standing sitting/
C. non¬ positions standing
invasive

Abbreviations: PaC>2, arterial oxygen tension; PCO2, arterial carbon dioxide tension;
SaC>2, arterial oxygen saturation; rSC>2, regional cerebral oxygen saturation; BP,
blood pressure; HR, heart rate and mins, minutes.
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Table 2.5 Results of studies recording blood oxygen during physiological
position changes

Study Mean blood Direction that blood Mean difference in Optima! position
oxygen (SD) in oxygen changed from absolute blood oxygen for stroke
the supine horizontal to sitting between horizontal and patients i.e.
position positions sitting positions (p value) increase in
A. stroke A. stroke A. stroke blood oxygen
B. control B. control B. control

Pang et al. A. 7.48 (0.05) A. Pa02 A. O.OlkPa (p>0.05) All positions
(1988) kPa equal

Elizabeth et A. 89.6(4.7)%* A. tSaO, A. 1.3% (p>0.05) Propped-up in
al. bed

(1993) B. 93.8(2.4)% B. <-» Sa02 B. 0.2% (p>0.05)

Misra et al. not estimable A. 1 rS02 A. -9.87% supine to Lying flat in bed
(1999) sitting and -16.68%

supine to standing
(both p<0.001)

B. <■■» rS02 B. -0.52% supine to
sitting and -1.58% supine
to standing (p>0.05)

Key (direction of change from baseline, i.e. supine recordings, compared to head-up positions): <->, no
change; T, increase; and 4-, decrease.

SD=standard deviation

* Supine Sa02 was significantly lower in stroke patients compared to control subjects (p<0.01, Mann-
Whitney t-test).
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Table 2.6 Results of studies recording blood pressure during physiological
position changes
Study Mean BP (SD) in the Direction that BP Mean difference in Optimal position in

supine position changed from absolute BP between stroke patients i.e.
horizontal to sitting horizontal and sitting stable BP

positions positions (p value)
Stroke

A. stroke A. stroke A. stroke
B. control B. control B. control
Recordings taken before
exercise and test meal Change on standing

after 1 minute
Farnsworth
and Heseltine A. SBP 149 (27) A. SBP t A. SBP 10 not stated

(1994) DBP 80 (15) DBP t DBP 10
MBP 103 (16) MBP t MBP 10
HR 78 (12) HR T HR 4

Panayiotou et First studv < 2 davs from Change on standing Change on standing at

al. stroke onset at 5 minute land 5 minutes

(1996, 1999)
A. SBP 157 (26)* A. SBP A. SBP -4 and 1 Head-up positions

DBP 83(14)* DBP t DBP 3 and 5 are unlikely to
MBP 108(16)* MBP t MBP 0 and 3 cause detrimental
HR 75 (14) HR t HR 9** and 6 falls in orthostatic

BP and CBF
B. SBP 142(26) B. SBP 4- B. SBP-8*** and-3

DBP 76(12) DBP <->
DBP -2 and 2

MBP 98(16) MBP o
MBP -4 and 1

HR 78 (14) HR t HR 11** and 12

Repeated study 4 to 7 days
from first study

A. SBP 149(21)*
DBP 73(13)*
MBP 102(13)*
HR 73(15)

B. SBP 140(25)
DBP 73 (9)
MBP 95(13)
HR 79(13)

SBP <-» A. SBP -5*** and 2
DBP t DBP 3 and 7**
MBP t MBP 0 and 5**
HR t HR 8** and 7

SBP B. SBP -7*** and -2
DBP DBP 2 and 3
MBP <-> MBP -1 and 2
HR t HR 13** and 10

Key (direction of change from baseline, i.e. supine recordings, compared to head-up positions): <-», no
change; t, increase; and i, decrease.
Abbreviations: SD, standard deviation; BP, blood pressure; SBP, systolic BP, DBP; diastolic BP;
MBP, mean BP; HR, heart rate; and CBF cerebral blood flow.
*Supine systolic, diastolic and mean BP was significantly lower in control subjects compared to
stroke patients (p<0.05, unpaired t-test).
** Compared to supine recordings there was a significant increase in diastolic and mean BP and heart
rate (p<0.05, paired t-test).
*** Compared to supine recordings there was a significant decrease in SBP (p<0.05, paired t-test).
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Table2.7Methodologicalqualityofstudiesusingtilttables Study

Measurement
ofinterest

Equipment A.Type
B.Make/Model C.Invasiveornon¬ invasive

Numberof measurementstaken
ineachposition

Siteof measurement

Degrees
(°)oftilt

Time (mins)in supine position beforetilt

Time (mins)in tilt

Time (mins)in supine position aftertilt

Co-interventions

Korpelainen
etal. (1994)

BP

Robinsonand Potter. (1995)

BPandHR

Naveretal. (1995)

BPandHR

A.automated sphygmomanometer B.notstated C.non-invasive A.automatedservo- plethysmomanometer B.Ohmeda2300 Finapres C.non-invasive A.automated oscillometric sphygmomanometer B.203YNIPPON COLINCO C.non-invasive

oneinsupine positionandat0,2, 5,7minutesafter tilt 2minutesof continuous measurementsat restand3minutes duringtilt 10

priortotiltother

armcuff903027autonomictests:normal locationnot(seconds)anddeepbreathingtest statedandtheValsava's
manoeuvreallperformed

inthesupinepositionand aftertilt:isometrichand¬ griptest.

fingercuff6030330testincludedglucoseor placedonthexylosedrinktotest middlefingerofpostprandialBP:patients
theparetichandtilted30aftersupinerest

(preprandial)and3times (30,60and90minutes) afterthedrink (postprandial)

notgiven8055notpriortotiltother statedautonomictests: respiratoryheartrate variabilityata30°angle
inanarmchair;andafter tilting:isometrichand- griptest

Abbreviations:BP,bloodpressure;°,degrees;andmins,minutes
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Table 2.8 Results of studies using tilt tables.
Study Mean BP (mmHg) Direction BP (mmHg) Mean difference in absolute BP

and/or HR (bpm) over and/or HR (bpm) changed (mmHg) and HR (bpm) between
the whole observation from horizontal to vertical horizontal and vertical positions
period positions
A. stroke A. stroke A. stroke
B. TIA patient controls B. TIA patient controls B. TIA patient controls
C. healthy controls C. healthy controls C. healthy controls

Immediatelv after tiltine immediatelv after tilting

Korpelainen et al. not estimable A. SBP 4- A. SBP -3.2

(1994) DBP T
MBP not estimable

C. SBP 4-
DBP <->

MBP not estimable

During 3 minutes of tilt

DBP 1.7
MBP not estimable

C. SBP -1.8
DBP -0.1
MBP not estimable

During 3 minutes of tilt
Robinson and Potter. not estimable A. SBP 4- A. SBP -3 to -5

(1995) DBP t
MBP 4-
HR t

C. SBP t
DBP t
MBP t
HR t

During 5 minutes of tilt

DBP 1
MBP -4 to-5
HR 6

C. SBP 1 to 2
DBP 7 to 8
MBP 4
HR 8

During 5 minutes of tilt
Naver et al. not estimable A. SBP 4- A. SBP -8.9*

(1995) DBP <->

MBP not estimable
HR t

B. SBP 4-
DBP
MBP not estimable
HR t

DBP -0.9
MBP not estimable
HR 9.1**

B. SBP -6.6
DBP -0.5
MBP not estimable
HR 8.9**

C sbp<->
dbpT

C. SBP-0.6
DBP 2.6
MBP not estimable

MBP not estimable
HR 4.1

HR t

Key (direction of change from baseline, i.e. supine recordings, to the vertical position): <-», no change;
t, increase; and -l, decrease.

Abbreviations: BP, blood pressure; SBP, systolic BP, DBP; diastolic BP; MBP, mean BP; HR, heart
rate; TIA, transient ischaemic attack.

* The mean decrease in systolic BP on moving from the supine to the vertical position was
significantly higher in stroke patients than compared to elderly healthy control subjects, but not TIA
patients (p<0.05, unpaired t-test).

** The mean increase heart rate on moving from the supine to the vertical position was significantly
higher in both stroke patients and TIA patients compared elderly healthy control subjects (p<0.05,
unpaired t-test).
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Chapter Three: Do oxygenation and blood pressure change during

swallowing in patients with acute stroke - a systematic review

3.1 Introduction

There is uncertainty about the frequency, magnitude or clinical relevance of falls in

blood oxygen, BP and heart rate during and after swallowing in patients with acute

stroke (section 1.6.2). However, before designing a new study to determine these

factors, it was important to review systematically the previous literature. The aim of

this review was to determine the important variables that should be included in the

new study and highlight methodological errors to be avoided. The following

questions were also considered:

1. Do changes in oxygenation and BP occur during or after swallowing in patients

with acute stroke?

2. If so, what is the magnitude of change?

3. Were any of these changes likely to be of clinical importance?

4. What is the frequency of hypoxaemia and hypotension during and after

swallowing?
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3.2 Methods

3.2.1 Inclusion criteria

The review aimed to identify all prospective published and unpublished studies, but

excluded all retrospective studies and case reports, measuring blood oxygen or BP

(invasively or non-invasively) before, during and after swallowing in stroke patients.

A detailed description of the types of strokes patients to be included and excluded in

the review was as described previously in Chapter two (section 2.2.1).

3.2.2 Search strategy

The search strategies for retrieving articles related to stroke, oxygenation and BP

were as previously described in Chapter two (section 2.2.2). After discussion with

search experts, a search strategy was developed to find articles specifically related to

swallowing problems (Table 3.1). The electronic search strategy related to articles

measuring blood oxygen, BP or heart rate (invasively or non-invasively) before,

during and after swallowing in stroke patients was validated for sensitivity and

precision (Table 3.2). In these studies blood pressure and oxygenation could be

measured using any technique, equipment and site of measurement (i.e. arm or

finger).

3.2.3 Methodological quality

Details on the methodological quality of each the articles meeting the inclusion

criteria were collected as follows:
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1. The size and type (observational or randomised) of study.

2. Definition, type (ischaemic or haemorrhagic) and severity (dependency of

patients) of stroke.

3. Latency from stroke onset to study day.

4. Inclusion of a control group.

5. Blinding of the observer/patient to the physiological recordings and/or

intervention.

6. Type and quantity of food and drink consumed.

7. Co-interventions that may confound the results.

8. The quality of the blood oxygen, BP and heart rate recordings, including: i)

equipment (make and model, invasive or non-invasive, manual or automated) and

ii) measurements (the number of readings at each time point, site ofmeasurement

and position of the patient.

3.2.4 Outcome measures

Data on the following outcomes were sought:

1. The mean blood oxygen or BP before swallowing (baseline measurement).

2. The magnitude of change from baseline to during and after swallowing.
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3. The number of patients with a clinically significant change in blood oxygen

and/or BP during or after swallowing.

4. The length of time it took for the maximum change to occur during and after

swallowing.

5. The length of time it took for measurements to return to baseline values.

3.3 Results

Similar to the review on positioning (Chapter two), the MEDLINE search for stroke

articles related to swallowing and feeding, oxygenation and BP identified many

irrelevant articles (78% of the articles did not meet the inclusion criteria for this

review) (Table 3.2). However, it did identify the small number of articles in the

"gold standard" - hand searching the journal Stroke (Table 3.2).

In total, 261 references were retrieved from the electronic search (Table 3.1). Of

these, 256 (98%) did not measure physiological variables during or after swallowing.

Therefore, only five articles retrieved from the electronic search met the inclusion

criteria for this review (Sellars et al. 1998;Collins & Bakheit 1997;Zaidi et al.

1995;Robinson & Potter 1995;Farnsworth & Heseltine 1994). A further two

completed studies were identified by contacting researchers in the field (Smith &

Connolly 1998;Hirst et al. 1998, personal communication). However, data were only

available for one of these studies (Smith & Connolly 1998).
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Of the six completed observational studies identified, four measured Sa02 non-

invasively before, during and after swallowing (Smith & Connolly 1998;Sellars et al.

1998;Collins & Bakheit 1997;Zaidi et al. 1995). In fact, their primary aim was to

assess pulse oximetry against an independent swallowing assessment as a means of

detecting aspiration, rather than to examine the magnitude of change in blood oxygen

per se. The remaining two studies were randomised controlled trials measuring BP

after eating and drinking (Robinson & Potter 1995;Farnsworth & Heseltine 1994).

The aim of these studies was to identify pathological changes in the autonomic

nervous system, such as postprandial hypotension, after stroke. There were no

studies that measured both BP and arterial blood oxygen or took non-invasive

measurements before, during and after swallowing with the specific aim of

identifying whether swallowing results in hypoxia or a change in blood pressure in

stroke patients.

The results of the studies will be presented according to whether the study measured

SaC>2 or BP before, during and after swallowing.

3.3.1 Studies measuring arterial oxygen saturation

3.3.1.1 Characteristics of the identified studies

A summary of the characteristics of the four studies that measured SaC>2 during

swallowing and included a total of 162 stroke patients is given in Table 3.3. The

oldest study compared pulse oximetry with an independent bedside swallowing

assessment performed by a speech therapist (Zaidi et al. 1995). This was the only

study to include acute, consecutive stroke in-patients (Zaidi et al. 1995). Following
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on from this pilot study, the same authors recently completed a study to compare

pulse oximetry with the gold standard swallowing test "videofluoroscopy' (Smith &

Connolly 1998). The sample consisted of consecutive stroke in-patients, but the

majority were studied more than six days after their stroke (Smith & Connolly 1998).

The other two studies selected hospitalised and out-patients with stroke, but only

those who were referred for videofluorscopy (Sellars et al. 1998;Collins & Bakheit

1997). None of these studies gave much detail on the type or severity of stroke and

the exclusion criteria differed between them (Sellars et al. 1998;Smith & Connolly

1998;Collins & Bakheit 1997;Zaidi et al. 1995). The majority of patients included in

three of the studies were over 65 years old (Smith & Connolly 1998;Collins &

Bakheit 1997;Zaidi et al. 1995). Sellars et al included only four stroke patients with

a younger mean age and also included two dysphagic patients with neurological

disease without stroke. Each of the studies included approximately equal numbers of

men and women. Only two studies included control groups: Zaidi et al included 65

age and sex matched in-patients and another group of 55 young healthy control

subjects; and Sellars et al included a group of five young healthy subjects who did

not undergo videofluoroscopy.

3.3.1.2 Methodological quality

The methodological quality of the four studies is presented in Table 3.4. All four

studies measured pulse oximetry from the finger, either on the non-paretic hand

(Sellars et al. 1998;Smith & Connolly 1998;Zaidi et al. 1995) or the paretic hand or

non-dominant hand (Collins & Bakheit 1997) while the patient was sitting and/or

standing. In two studies, a baseline recording was taken two minutes (Zaidi et al.
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1995), or five minutes (Collins & Bakheit 1997) after the equipment had

equilibrated, but did not state how long the baseline measurements were taken. The

other two studies took a baseline recording for five minutes (Sellars et al. 1998) or

until SaC>2 measurements were stable (Smith & Connolly 1998). Three studies

measured SaC>2 for two minutes after each swallow (Smith & Connolly 1998;Collins

& Bakheit 1997;Zaidi et al. 1995), and Sellars et al observed SaC>2 for a minimum of

30 seconds to a maximum of three minutes between boluses of food. Collins and

Bakheit also took measurements ten minutes post-feeding. Investigators tried to

ensure accurate pulse oximetry readings by: warming the measurement hand (Sellars

et al. 1998;Collins & Bakheit 1997); reducing movement artefact; removing nail

polish on the measurement finger; and excluding subjects who may have had poor

peripheral circulation to the fingers, such as those with peripheral vascular disease

and Raynaud's disease (Collins & Bakheit 1997). The bedside assessment study

only tested the patients' ability to swallow water (Zaidi et al. 1995), whereas all three

videofluoroscopy studies tested their ability to swallow three different consistencies

of food and fluid of varying quantities (Sellars et al. 1998;Smith & Connolly

1998;Collins & Bakheit 1997) (Table 3.4). Only two studies mutually blinded the

pulse oximetry observer and the independent swallowing assessment observer (Smith

& Connolly 1998;Zaidi et al. 1995). None of three fully published studies clearly

defined "aspiration" as determined by the speech and language therapist (Zaidi et al.

1995) or the videofluoroscopy test (Sellars et al. 1998;Collins & Bakheit 1997).
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A summary of the results for all four studies is displayed in Table 3.5. The majority

of stroke patients had a normal baseline SaC>2 (>95%) for adults breathing air at sea

level (Stoddart et al. 1997). Zaidi et al found that the mean baseline SaC>2 was

similar in stroke patients and hospitalised elderly patients (Zaidi et al. 1995). Young

healthy control subjects had a significantly higher mean baseline SaC>2 than stroke or

elderly hospitalised control patients (Sellars et al. 1998;Zaidi et al. 1995). The mean

SaC>2 after swallowing was lower in stroke patients than in young healthy and elderly

controls subjects and this difference in absolute mean SaC>2 of between 2.5% to 6%

saturation was statistically significant (Sellars et al. 1998;Zaidi et al. 1995). The

level of fall in mean SaC>2 considered to be clinically significant was determined in

different ways in each of the four studies and ranged from 2% to 4% saturation. In

all four studies, the decrease in mean SaC>2 after swallowing was higher in patients

"aspirating" than in those who were deemed not to be "aspirating", and this

difference was statistically significant in two of the studies (Smith & Connolly

1998;Zaidi et al. 1995). Zaidi et al. found that 13 stroke patients had a significant

fall in absolute mean SaC>2 ofmore than 3% on swallowing the first time they were

studied, whereas a different six patients had a significant fall in SaCb on the repeat

study performed 15 days after the first. The actual number of patients "aspirating",

as determined by the bedside swallowing assessment (Zaidi et al. 1995) or

videofluoroscopy test (Sellars et al. 1998;Smith & Connolly 1998;Collins & Bakheit

1997), was always less than the number of subjects who desaturated on swallowing.

In the three fully published studies (Sellars et al. 1998;Collins & Bakheit 1997;Zaidi

et al. 1995), a clinically significant fall in SaC>2 occurred within two minutes of
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swallowing and it took less than one (Zaidi et al. 1995) to 10 minutes (Collins &

Bakheit 1997) to recover back to baseline values. Only one study measured heart

rate, but found that there was no significant change during or after swallowing from

baseline (Sellars et al. 1998). Collins & Bakheit (1997) observed that younger male

subjects who were aspirating on videofluroscopy had the largest degree of

desaturation on swallowing. However, Zaidi et al did not find any significant

relationship between the fall in saturation and either age or sex.

3.3.2 Studies measuring bloodpressure

3.3.2.1 Characteristics

There were no studies with the primary aim to identify whether patients' BP and

heart rate changes during swallowing. However, there were two small randomised

controlled crossover trials that aimed to investigate postprandial and orthostatic BP

responses after stroke (Robinson & Potter 1995;Farnsworth & Heseltine 1994). A

summary of the characteristics of these studies was as described previously in

Chapter two (see section 2.3.1, Table 2.3). In total, the studies included only 24

patients who were in the subacute to chronic phase of stroke. Only one study

adequately described the type and severity of stroke (Robinson & Potter 1995). The

exclusion criteria were similar in the two studies, i.e. patients with diseases that

impair autonomic responses (Robinson & Potter 1995;Farnsworth & Heseltine

1994). The patients in the study by Farnsworth and Heseltine were outpatients and

were older than the subjects in the study by Robinson and Potter who were all in¬

patients (Robinson & Potter 1995;Farnsworth & Heseltine 1994). Both studies
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included more men than women (Robinson & Potter 1995;Farnsworth & Heseltine

1994). Robinson and Potter also included a control group of eight age matched

volunteers with no known cerebrovascular and cardiovascular pathology (Robinson

& Potter 1995). Farnsworth and Heseltine used a three minute walking test and

Robinson and Potter used a tilt table to investigate autonomic function before and

after consuming a carbohydrate loaded meal or drink (Robinson & Potter

1995;Farnsworth & Heseltine 1994).

3.3.2.2Methodological quality

The studies measured supine and erect BP non-invasively using different equipment,

methods and site of measurement (Robinson & Potter 1995;Farnsworth & Heseltine

1994) (Table 3.6). Measurements were taken before and after, but not during the

meal. Farnsworth and Heseltine did not indicate when BP was taken prior to eating

(though it was measured) and the next measurement was taken 15 minutes after

consuming the meal (Farnsworth & Heseltine 1994). Robinson and Potter also

measured the response of forearm blood flow to carbohydrate ingestion. In both

studies the observer was blind to whether the patient consumed the test or sham meal

and Robinson and Potter also blinded the patient (Robinson & Potter

1995;Farnsworth & Heseltine 1994) (Table 3.6). Neither study adequately explained

their choice of test meal, but one study did explain their choice of sham drink

(Robinson & Potter 1995).

Ill



Chapter Three

3.3.2.3 Results

Farnsworth and Heseltine found that there was a fall in both systolic and diastolic BP

and an increase in heart rate 60 minutes after the test meal, regardless of the patient's

position or whether they had completed the exercise test or not (Farnsworth &

Heseltine 1994) (Table 3.7). The fall in systolic BP of 8mmHg to llmmHg on

standing was statistically significant (Table 3.7). There were however, no

statistically significant changes in either BP or heart rate if the patients only had

water (sham meal) (Farnsworth & Heseltine 1994). Robinson and Potter found that

elderly volunteers had a statistically significant fall in supine mean BP of about

7mmHg 30 minutes after finishing the test, but not the sham drink (Robinson &

Potter 1995) (Table 3.7). There were no significant differences in stroke patients' BP

after either the test or sham drink (Robinson & Potter 1995). Stroke patients' heart

rate increased significantly by 7bpm over 30 minutes after consuming the test drink,

whereas control subjects' heart rate remained virtually unchanged (Table 3.7). In

both stroke patients or elderly control patients there were no significant changes in

forearm blood flow after either drink (Robinson & Potter 1995). In stroke patients,
°

but not control subjects, mean BP did decrease significantly by 5mmHg after 60 tilt,

both pre and postprandially irrespective of the carbohydrate content of the drink

consumed (Robinson & Potter 1995). Both studies concluded that postprandial falls

in BP need not be taken into consideration in the management of stroke patients

(Robinson & Potter 1995;Farnsworth & Heseltine 1994).
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3.4 Discussion

Four completed studies measuring SaC>2 during swallowing and two very small

studies measuring BP after eating or drinking met the inclusion criteria for this

review. In fact, the main aim of these studies was either to determine whether pulse

oximetry can accurately detect aspiration or not (Sellars et al. 1998;Smith &

Connolly 1998;Collins & Bakheit 1997;Zaidi et al. 1995), or to identify pathological

changes in the autonomic nervous system (Robinson & Potter 1995;Farnsworth &

Heseltine 1994). However, they are still useful in detecting a swallowing related

abnormality of gas exchange and blood pressure, which is the aim of this review.

The studies measuring SaC>2 and those measuring BP will be considered separately.

3.4.1 Arterial oxygen saturation during and after swallowing

In the included studies, the absolute mean fall in SaC>2 within two minutes of

swallowing although small, was significantly greater in stroke patients than in young

healthy controls and elderly hospitalised patients. Small changes in SaC>2 after

swallowing have also been observed in 33 patients with chronic obstructive airways

disease (COAD) (Brown et al. 1983). These investigators felt that a small absolute

change in SaC>2 of 1.8%, although statistically significant, was unlikely to be

clinically relevant. However, they did find a subgroup of nine (27%) patients who

had significant meal-time desaturation as great as 11%. Thus, the mean values may

belie a substantial amount of individual variability. None of the studies included in

this systematic review took into consideration the sigmoidal shape of the oxygen-

dissociation curve (section 4.2.2, Figure 4.1). It is worth noting that a 3% change
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from a baseline of 99% is unlikely to be clinically important, but a change of 3%

from 93% may be, thus data on individual subjects rather than mean SaC>2 for a group

of stroke patients is important.

Another relevant clinical factor may be the length of time that SaC>2 continued to fall

after swallowing and the time it took to recover back to baseline values. The fully

published studies in this review found that the maximum fall in SaC>2 occurred less

than two minutes after each swallow (Sellars et al. 1998;Collins & Bakheit

1997;Zaidi et al. 1995). One of these studies found that the mean fall in Sa02

occurred five seconds after swallowing water and recovered back to baseline within

one minute in acute stroke patients (Zaidi et al. 1995). It has been suggested that

episodes of hypoxaemia lasting less than 30 seconds may reflect breath holding

during swallowing (Teramoto et al. 1996) or measurement artefact due to movement

(Stausholm et al. 1997). However, in some individuals it did take more than two

minutes after swallowing for Sa02 to recover back towards baseline values (Sellars

et al. 1998;Smith & Connolly 1998). It has been suggested that such hypoxic

episodes lasting more than one minute may in fact be "real" (Stausholm et al. 1997).

Because of the limited number of studies in this review we were unable to establish

whether falls in SaC>2 after swallowing reflect inco-ordination between swallowing

and breathing, rather than aspiration. However, these studies did highlight a number

of important methodological issues:

1. Sample size and recruitment bias. One study including only six neurological

patients, ofwhich four had a stroke, included too few data to be comparable with the
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others (Sellars et al. 1998). The other three studies all included approximately 50

patients, which is just large enough sample to detect statistically significant

differences in small changes in SaC>2 (Smith & Connolly 1998;Collins & Bakheit

1997;Zaidi et al. 1995). For example, Zaidi et al found a 3% fall in SaC>2 was

clinically important and that the overall standard deviation of the stroke group was

2.94%. Therefore the total sample size to detect this difference with a two sided

significance level of 5% and 95% power would be 54 (Campbell et al. 1995).

However, none of the studies included confidence intervals which have the

advantage of showing both the degree of variability in SaC>2 measurements and the

limited size of the study (Gardner & Altman 1989).

None of the published studies included adequate information of the definition, type

and severity of stroke. Only one of these studies measured arterial oxygen saturation

in hospitalised patients with acute stroke, when the brain is at its most vulnerable

(Zaidi et al. 1995). However 'acute' was defined as the latency from admission not

stroke onset and therefore, may have included patients more than seven days from

stroke onset. Two studies suffered from recruitment bias because all the patients

already had suspected swallowing problems and were referred for videofluoroscopy

(Sellars et al. 1998;Collins & Bakheit 1997). The majority of the patients were

investigated more than two weeks after stroke onset, and were younger and less

likely to be ill compared to patients in the other studies. Smith et al (1998) attempted

to include consecutive stroke patients, but the exclusion criteria and the nature of the

videofluoroscopy examination again introduced referral bias. Therefore, the results

of these studies may not be generalisable to many stroke patients.
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2. Equipment and measurement differences. Pulse oximetry is frequently used in

clinical practice because it has the advantage of being cheap, convenient, familiar,

safe, and requires little technical expertise (Yelderman & New, Jr. 1983). However,

it has several limitations (section 4.3.1, Table 4.1). However, only two of the fully

published studies described the methods they used to reduce artefact from movement

and poor peripheral circulation in the fingers (Sellars et al. 1998;Collins & Bakheit

1997).

At present, little is known regarding which hand it is best to take the SaC>2

measurements to ensure accurate and reliable recordings. One of the four studies

took pulse oximetry recordings on the paretic side (Collins & Bakheit 1997).

Because the patient may not be able to use this hand to feed themselves using this

side of the body, placing the sensor on the paretic hand may successfully reduce

movement artefact. However, Collins and Bakheit speculated that taking

measurements from the paretic side might increase the number of false negative

results because of the change in blood-vessel tone on that side of the body delayed

detection changes in SaC>2. Conversely, a more recent study including 15 stroke

patients found that there was no difference in SaC>2 recordings taken from the paretic

finger or non-paretic finger (Roffe et al. 1999). Possibly, a more reliable method of

reducing unknown confounding factors, would be to randomise the allocated side of

the finger probe.

2. Type offood or drink consumed. The level of hypoxaemia during oral feeding

may be dependent on the type and consistency of food being swallowed (Rogers,

Micheal, & Scucard 1993). During the bedside assessment study the patient was
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given small amounts of water (lOmls) (Zaidi et al. 1995). Although thin fluid is

considered to increase the risk of aspiration, it is less likely to block the airway and

increased fear in the patient (Logermann 1982). The three videofluoroscopy studies

all measured swallowing ability with three different consistencies of food (Sellars et

al. 1998;Smith & Connolly 1998;Collins & Bakheit 1997). One of these studies did

not indicate whether they had regulated the amount of fluid the patient consumed

(Collins & Bakheit 1997). Larger bolus volumes exhibit an earlier episode of

swallowing apnoea and increase the number of swallows preceded by inspiration

(Preiksaitis et al. 1992). This may increase the number of patients at risk of

aspirating and put them at risk of further complications (Logermann 1982). None of

the videofluoroscopy studies indicated which food consistency the stroke patients

were having problems with (Sellars et al. 1998;Smith & Connolly 1998;Collins &

Bakheit 1997). This may have important implications in the management of

dysphagic patients, for example patients who aspirate while drinking thin fluids may

successfully be able to drink thickened fluids (Rogers, Micheal, & Scucard 1993). ft

should also be acknowledged that during both the videofluoroscopy and bedside

swallowing assessments food is consumed under artificial and unfamiliar conditions.

Therefore, these conditions may influence the patients' swallowing problems and

limit the generalisability of the results to more normal feeding.

3.4.2 Bloodpressure during and after food

In out-patients with established stroke, a decrease in BP occurred 60 minutes after a

large meal (Farnsworth & Heseltine 1994), whereas, subacute stroke in-patients did

not experience falls in BP after drinking glucose or xylose (Robinson & Potter 1995).
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The more recent study measured supine BP and Farnsworth and Heseltine measured

BP while the patient was sitting or standing (Robinson & Potter 1995;Farnsworth &

Heseltine 1994). Orthostatic falls in BP in upright posture are common in patients

with autonomic disease and have been associated with the genesis of stroke (Dobkin

1989). Ordinarily, meals are taken in the sitting position and patients with both

postural and postprandial hypotension may be at risk of clinically relevant falls in BP

with the act of eating.

Interestingly, falls in BP occurred in elderly volunteers, but not stroke patients, 30

minutes after they consumed a carbohydrate loaded drink (Robinson & Potter 1995).

The cause of age related autonomic impairment is unclear, but may due to a

combination of factors such as hormonal responses, baroreceptor sensitivity and

target organ function including cardiac failure (Shannon et al. 1997). Normally after

eating, heart rate will increase (Mathias & Bannister 1992b). Although, postprandial

heart rate increased in both stroke patients and elderly controls, it was significantly

higher in stroke patients (Robinson & Potter 1995). The authors suggested that this

may have been due to increased sympathetic activity usually seen in acute stroke

patients (Robinson & Potter 1995). However, this cardiovascular response to food

seen in patients in the subacute phase of stroke is similar to that seen in normal

elderly subjects (Mathias & Bannister 1992b). Moreover these small randomised

controlled trials also included methodological problems that may have influenced the

results:

1. Sample size and recruitment bias. In total 24 patients were included in these

studies, thus there was insufficient power to determine reliably the magnitude of
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change in BP after eating. One study only included those patients who were fit

enough to attend an outpatient clinic (Farnsworth & Heseltine 1994), whereas the

other included sicker hospitalised patients (Robinson & Potter 1995). Therefore,

both these studies suffered from referral bias. Furthermore, neither of these studies

included acute stroke patients who are thought to be vulnerable to further brain

damage with falls in blood pressure (Robinson & Potter 1995;Farnsworth &

Fleseltine 1994).

2. Equipment and measurement differences. The two studies took blood pressure

measurements using different equipment and measurement techniques as previously

described in Chapter two (section 2.4.1.3). This made it difficult to compare the

results of the studies.

3. Type offood or drink consumed. Both studies used different food components for

the test and sham meals. A liquid glucose meal will cause a similar fall in blood

pressure to a well-balanced solid meal in patients with autonomic failure (Mathias &

Bannister 1992b). Lipid, however, has slower, smaller and less sustained

hypotensive effects while a protein meal causes virtually no change in BP (Mathias

& Bannister 1992b). The advantage of using a liquid meal is that both the observer

and the patient can be blind to its content, whereas only the observer can be blind if

the patient is given a solid balanced meal. Farnsworth and Heseltine reported non

significant increases in BP after the patients had been drinking water (Farnsworth &

Heseltine 1994). This is consistent with a recent study that observed that drinking

water could have a pressor effect on BP in patients with autonomic failure (Jordan et

al. 1999). Robinson and Potter found no postprandial falls in BP after the ingestion
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of xylose in both control and stroke subjects (Robinson & Potter 1995). Therefore, it

is unlikely that the subjects in this study had autonomic failure, because xylose can

also result in small falls in blood pressure in such patients (Mathias & Bannister

1992b).

4. Co-interventions and confounding. Both these studies also introduced co-

interventions, which may have altered BP, such as exercise and head-up tilt. The

ingestion of food increases blood flow to the gut, peripheral vasodilatation and an

increase in sympathetic activity (Heseltine & Potter 1990). In young healthy subjects

this results in an increase in heart rate with minimal or no changes in BP (Mathias &

Bannister 1992b). In response to exercise these changes persist and are additional to

those produced by food ingestion (Yi et al. 1990). Farnsworth and Heseltine did find

greater increases in post exercise heart rate and BP compared to the sham meal and

with preprandial measurements (Farnsworth & Heseltine 1994). They also found

that the walking distance did not decrease after eating the test meal but did after

drinking water (Farnsworth & Heseltine 1994). They hypothesised that such

cardiovascular changes after eating may in fact "protect exercise capability"

(Farnsworth & Heseltine 1994).

Food is now recognised to aggravate postural hypotension (Dobkin 1989).

Therefore, assessing BP responses to head-up tilt or active standing after food

ingestion does help standardise postural BP responses who in their fasting state have

only modest falls in BP which are considerably enhanced by food (Mathias &

Bannister 1992b). Robinson and Potter used a tilt table, which has the advantage

over standing, in that it can be used for immobile or very sick patients (Robinson &

120



Chapter Three

Potter 1995). Furthermore, they gave their subjects a liquid meal that can be readily

ingested when the patient is flat, so the effects of food ingestion can be obtained

independently of postural change (Robinson & Potter 1995). Although, they did not

find any significant differences in BP in response to food, they did find that diastolic

and mean BP, but not systolic BP, fell in response to head-up tilt test (Robinson &

Potter 1995). Although, the magnitude of this change was statistically significant, it

is not known whether it is clinically relevant to patients with stroke. Finally, it

should be acknowledged that head-up tilt after food ingestion is artificial and

unfamiliar to patients and may limit the generalisability of the results.

3.4.3 Conclusion

In conclusion, there are too few data to be sure of whether clinically relevant falls in

Sa02 or BP are occurring after swallowing. Therefore, a new study with a large

sample of acute stroke patients is necessary. A new study might determine whether

the magnitude and frequency of falls in SaC>2 and BP after swallowing is significant

in clinical terms. Furthermore, it should be designed to identify which type of acute

stroke patient is potentially at risk of serious hypoxic and hypotensive events during

eating and drinking on the ward, particularly in patients deemed "safe to feed orally."

3.4.4 Summary

A systematic search of the literature identified six studies that measured blood

oxygen (n=4) or blood pressure (n=2) before, during and after swallowing in patients

with stroke. None of these studies specifically aimed to identify whether swallowing

results in hypoxia or a change in BP in stroke patients. Like the positioning review,
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the overall quality of these studies was poor, which made interpretation of their

results difficult. There were also too few data to determine whether acute stroke

patients experience episodes of hypoxia or hypotension during or after swallowing

which could potentially damage an already vulnerable brain. Therefore, this

systematic review highlighted the need for further research in a large sample of

stroke patients.
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Table 3.1 Electronic search to identify studies on the effect of swallowing on
blood oxygen and blood pressure (from 1976 to 1998)

MEDLINE terms* Notes

63. digestive physiology/

64. nutrition/
65. eating disorders/
66. oesophageal motility disorders/
67. deglutition
68. dysphaS.tw.
69. aspiratS.tw.
70. postprandialS.tw.
71. digestive function.tw.
72. (eatingS or food$ or feedingS or
swallow$).tw.
73. (problem$ or difficultS or disorderS).tw.
74. 72 and 73

75. or/63-71,74

/indicates MEDLINE index term (MESH)

.tw. is a search ofwords in the title/abstract.
$ is a truncation term

or, operator means an article only has to
include one of the terms identified

'and' operator means an article must be
found in both sets to be identified
The final search for articles related to

jeatinjg and swallowing disorders=106733
76. 43 (final search for articles related to
stroke) and (61 (final search for articles
related to BP) or 62 (final search for articles
related to oxygenation) or 75) Final Search=261

*See Table 2.1 for the MEDLINE terms 1 to 62 (i.e. search strategies for articles
related to stroke, BP and oxygenation).
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Table 3.2 Results of validation of MEDLINE search using hand-searching of
stroke from 1980 to 1997

(for details of the search see Table 3.1)

t Sensitivity = number of relevant articles identified by MEDLINE search
number of relevant articles identified by hand-searching

^Precision = number of relevant articles identified by MEDLINE search
total number articles identified by MEDLINE search

Sensitivity! (%, 95%CI) Precision! (%, 95% CI )

2/2 (100, 0.158-1.00) 2/9 (22, 0.0281-0.600)
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Table3.3CharacteristicsofstudiesincludedinthesystematicreviewthatrecordedSaC>2before,duringandafterswallowingin strokepatients Study

Size

Latency(days)from
A.

Definitionofstroke
Exclusions

Meanage

Male(%)

Controlgroup(Yes/No)

strokeonsettostudy
B.

Typeofstroke

(years)

A:type

day

C.

Severityofstroke

B.numberingroup C.meanage(years)

Zaidietal.

49

acute(<3from

A.

notstated

impairedconsciousness,chest
72

20(41)

Yes

(1995)

hospitaladmission)
B.

notstated

infection,pre-existing

A.ageandsexmatched

C.

notstated

neurologicaldisease,terminal

hospitalisedpatientsand

Studyrepeated14

illness,confusion,refusalof

(younghealthysubjects)

daysfromthefirst

consent.

B.65(55) C.71(32)

Smithetal.
55

range3-31

nol
:fullyreported

(seeZaidietal)andpatients
68

32(58)

No

(1998)

unabletositwithoutminimal support,receptiveand expressivedysphasia,pre¬ existingdysphagia

Collinsand

54

notstated

A.

WHOcriteria

Raynaud'sdiseaseandsevere
65

28(52)

No

Bakheit

B.

notstated

peripheralvasculardisease

(1997)

C.

notstated

Sellarsetal.
4

range4-180

A.

notstated

notstated

56

2(50)

Yes

(1998)

B.

ischaemic

A.younghealthysubjects

C.

notstated

B.5 C.range25to41
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Table 3.4 Methodological quality of studies that recorded SaC>2 before, during
and after swallowing

Study Type of Site of Time in minutes Artefact A. Test SLT and Aspiration
Pulse measurement recordings were limited B. Type and PO defined?
oximeter taken: (Yes/No) consistency observer (Yes/No)

A. before of food blind to

B. after each each

swallow other's

C. after the test data

Zaidi et Minolta Finger probe A. equilibrate for No A. BSA Yes No
al. Pulsox 7 on the non- 2 B. lOmlsof
(1995) paretic index B. 2 water x 2

finger C. not stated

Smith et not fully Finger probe A. till stable Not fully A. VF Yes Yes
al reported on the non- B. 2 reported B. barium
(1998) paretic hand C. not stated meal: 3ml,

10ml, 20ml
of liquid,
5ml of semi¬
solid and
5ml solid

Collins Minolta Finger probe A. equilibrate for Yes A. VF not stated No
and Pulsox 7 on the paretic 5 B. barium
Bakheit. or non- B. 2 meal: 150ml
(1997) dominant A. 10 of liquid,

index finger 3oz puree,
hand and biscuit

Sellars Radiometer Finger probe A. 5 Yes A. VF not stated No
et al. Oximeter on the non- B. 0.5 to 3 B. barium

(1998) paretic index C. 2 meal: liquid,
finger paste, and

biscuit (all
5ml, 10ml,
and self

regulated)
Abbreviations: SLT, speech and language therapist; PO, pulse oximeter; BSA,
bedside swallowing assessment; and VF, videofluoroscopy
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Table3.5ResultsofstudiesrecordingSa02duringandafterswallowing Study

Mean baselineSa02 (%)instroke andcontrol subjects

MeanSa02 (%)within2 minutesof swallowingin strokeand control subjects

Meandifferencein absolutemeanSa02 (%)frombaselineto swallowing considered clinicallysignificant
Meanmagnitude

offallin absoluteSa02 (%)in "aspirating" strokepatients
Meanmagnitude

offallin absoluteSa02 (%)in "non-aspirating" strokepatients
Number(%)of strokepatients witha clinically significant changeinSa02
Number(%)of strokepatients whoweredeemed

tobe"aspirating" onswallowing eitherbytheBSA orVF

Time(mins) thatthe maximum changein Sa02(%) occurredafter swallowing

Time(mins)it tookforSa02 toreturnback tobaseline values

Zaidiet al. (1995)

Stroke=95.9* EHC=95.8* YHC=97.5

93.3* 94.7 96.4

>3.02

>4.56**

1.38

19(39)

notstated

mean=0.09 max=2.00

max=1.00

Smithet al.a (1998)

notstated

notstated

>2.00

2.50**

1.00

38(69)

13(24)

notstated

notstated

Collins and Bakheit (1997)

Stroke=96.2

95.0

>2.00

2.40

1.20

20(37)

16(29)

max=2.00

max=10.00

Sellars

Stroke=94.9

88.7*

>4.00

6.30

2.00

2(50)

1(25)

mean=1.20

mean=3.60

etal.aYHC=96.996.8 (1998) Abbreviations:EHC,elderlyhospitalisedpatients;YHC,younghealthycontrolsubjects;BSA,besideswallowingassessment;VF, videofluoroscopy,mins,minutes;andmax,maximum. aAuthorsprovidedadditionalinformationthathasnotbeenpublished. * significantlydifferentcomparedtoyounghealthycontrolsubjects(p<0.05) **significantlydifferentcomparedtonon-aspiratingstrokepatients(p<0.001)
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Table 3.6 Methodological quality of studies that recorded BP before and after
feeding

Study BP equipment
(manual/automated)

Site and number of
measurements

Patient's

position
during
recordings

Blinding
to the

type of
food
consumed

Type and
quality of
fluid/food
consumed

Famsworth
and
Heseltine

(1994)

Robinson
and Potter

(1995)

Hawksley random
zero

sphygmomanometer
(manual)

Finapres 2300
(Automated)

Site: not stated.

Number: once
before eating and
15, 60 and 105
minutes after

eating.

before:

supine and
standing
After: sitting
and standing

observer

the middle finger
of the paretic arm.

Number:
continuous
measurements 30
minutes before the
drink and for 90
minutes after the
drink.

60°vertical tilt and
patients

test meal =
625Kcal meal

sham
meal=100ml
ofwater

Site: finger cuff on Supine and observer test drink
=glucose
(lg/kg body
wt)

sham drink

=xylose
(0.83g/kg
body wt)
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Table 3.7 Results of studies that recorded BP and heart rate before and after

feeding

Study Time (mins) Test meal: Sham meal: Test meal: Sham meal:

statistically Difference in difference in difference in difference in

significant mean BP mean BP mean HR (bpm) mean HR (bpm)
change in (mmHg) from (mmHg) from from baseline to from baseline to

BP/HR baseline to baseline to after eating after eating
occurred after eating after eating

Farnsworth 60 Sitting Sitting Sitting Sitting
and pre-exercise pre-exercise pre-exercise=4 pre-exercise=-4
Heseltine SBP=-7 SBP=4

(1994) DBP—7 DBP=2

post exercise post exercise post exercise=7T post exercise=-4
SBP=-8 SBP=2
DBP=-8 DBP=0

Standing Standing Standing Standing

pre-exercise pre-exercise pre-exercise=8r pre-exercise=-3
SBP=-11* SBP=2
DBP=-7 DBP=0

post exercise post exercise
SBP=-13 SBP=6 post exercise=6T post exercise=0
DBP=-8*y DBP=3

Robinson 30 Stroke Stroke Stroke Stroke
and Potter MBP=5 MBP=5 HR=7** HR=0

(1995)
Controls Controls Controls Controls
MBP=-7 MBP=5 HR=2 HR=0

Abbreviations: mins, minutes; BP, blood pressure; and HR, heart rate.
A negative sign indicates a fall in BP or heart rate after consuming the meal.
A positive sign indicates a rise in BP or heart rate after consuming the meal.
*=statistically significant decrease in BP after the meal compared to baseline
measurements (p<0.05).
v

= statistically significant difference compared to recordings taken after the sham
drink (p<0.05).
**= statistically significant increase in heart rate compared to controls after the test
drink (p<0.04).
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Chapter Four: Methods of monitoring blood gas oxygen, blood

pressure and heart rate in acute stroke patients

4.1 Introduction

An important problem highlighted in both systematic reviews (see Chapters two and

three) was the inconsistency between studies on how blood gas oxygen, heart rate or

BP were measured in patients with stroke. For example the included studies used:

invasive or non-invasive techniques; manual or automated equipment; different

models of equipment by a number of manufacturers; and different sites for

measurement (i.e. finger, brachial etc). They also took measurements for various

amounts of time either intermittently or continuously. Furthermore, most of the

studies failed to describe adequately the steps they took to prevent artefacts and

improve the accuracy of their readings. Hence, the quality of the blood gas oxygen,

blood pressure and heart rate readings in many of the included studies remains

unknown.

The aim of this chapter was to consider, and in some instances test, different methods

ofmonitoring blood oxygenation, blood pressure and heart rate to see which was the

most suitable (e.g. accurate, comfortable, etc.) for patients admitted to hospital with

acute stroke.
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4.2 Historical background of measuring blood oxygenation, blood pressure and

heart rate

There are many techniques, methods and devices that measure oxygenation, blood

pressure and/or heart rate. Historically the development of such devices did not

always follow a clear progression from one principle or device to the next.

Therefore, many of the instruments described in this Chapter may have been

developed around the same time at different centres.

4.2.1 Heart rate

It is likely that for many centuries (possibly millennia) physicians felt pulses and

listened to sounds from the heart. In fact, over 4000 years ago the Yellow Emperor

of China, Huang-Ti, documented that people who ate too much salt had "hard

pulses" and were more likely to suffer a stroke (O'Brien & Fitzgerald 1994). There

are no records of heart rate observations, however, until William Harvey (1578-

1657) described the circulation of the blood in 1628 (Luisada 1965). Today heart

rate is usually recorded by counting the pulse of a major artery (e.g. carotid, radial,

brachial arteries) and can be recorded automatically by monitoring equipment that

require the presence of arterial pulses (e.g. blood pressure monitors and pulse

oximeters).
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4.2.2 Blood oxygenation

4.2.2.1 Measurements ofperipheral blood oxygenation

Peripheral blood oxygenation measurements give an indication of ventilation, gas

exchange and acid-base status. The most commonly measured components of blood

gas oxygen are arterial oxygen tension (Pa02) or saturation (Sa02). However,

neither PaC>2 or SaC>2 tell exactly how much oxygen is being carried in the blood or

indicate how much oxygen there is at tissue level (Dantzker 1997). The PaC>2

describes only the 3% of oxygen dissolved in the plasma, and reflects the pressure

needed to push it from air to blood and blood to tissue cells (Hinds & Watson 1996).

The SaC>2 describes the extent to which haemoglobin (Hb) is saturated with the

remaining 97% of oxygen. The distinct shape of the 'oxyhaemoglobin dissociation

curve' illustrates the relationship between SaC>2 and PaC>2 (see Figure 4.1). Note at

the plateau of the curve (SaC>2 above 90%) Hb binds with large amounts of oxygen

and is almost fully saturated. On the steep portion of the curve however, the

dissociation of Hb becomes proportionately greater as Pa02 falls so that even small

changes in Pa02 greatly affects Sa02. In disease this results in large amounts of

oxygen being unloaded when tissues are hypoxic (Waldron 1979).

There are a number of ways in which oxygenation, including Pa02 and Sa02 of

peripheral tissues can be estimated:

1. Estimating blood oxygenation by sight. At the beginning of this century, most

physicians estimated the adequacy of oxygen by sight, i.e. by observing cyanosis

(blueness of the skin, mucous membranes or organs caused by changes in capillary
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blood). By the 1940s however, published data established that the detection of

cyanosis was subject to considerable observer bias (Comroe & Botelho 1947).

Furthermore, many physicians were unable to detect cyanosis until the patients

arterial oxygen saturation was considerably low (70% saturation). Thus, even as

early as the 1940s, it was realised that hypoxaemia could only be reliably determined

by the direct analysis of arterial blood (Comroe & Botelho 1947).

2. Invasive sampling ofperipheral blood. Techniques to analyse samples of arterial

blood gases (ABGs), either from an indwelling catheter or by arterial puncture, were

developed more than a century ago. However, frequent measurements of arterial

blood only became practical in 1956 when Leland Clark described his polarographic

oxygen electrode (Clark 1956). Inside the electrode there is a platinum wire on

which oxygen molecules are broken down rapidly. This results in a change in ionic

current that is then measured and read by the blood gas machine and converted into a

corresponding PaC>2 value. Modern automated blood gas analysers can directly

measure hydrogen ion (pH) activity, PaC>2 and PaCC>2 in arterial blood samples.

Other values relevant to the assessment of the patient's oxygenation, such as the

Sa02, are calculated by the microprocessor contained within the analyser (Hinds &

Watson 1996). However, this method is invasive and painful for the patients,

therefore over the years non-invasive techniques have become more favourable.

3. Transcutaneous oxygen monitoring. The passage of oxygen across the skin was

noted in 1851 by Von Gerlach (Lubbers 1981). Exactly 10 years later, Baumgardner

and Goodfriend measured PO2, transcutaneous oxygen tension (PtcCL), across intact

skin after immersing a finger in a buffer solution heated to 45° (Lubbers 1981). In
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1972, two groups in Germany reported that if the "Clark electrode" was heated to

approximately 44°C and placed on the skin of newborn infants, the skin surface

partial pressure oxygen tension (PO2) nearly equalled the PaC>2 (Lubbers 1981).

Thereby proving that the transcutaneous oxygen monitor measures oxygen that

diffuses to the skin from the dermal capillary beneath it. In 1975, Van Duzee

described the structural changes of the three basic layers of the skin, stratum

corneum, epidermis and the dermis, as it is heated to temperatures above 41 °C (Van

Duzee 1975). These changes are thought to greatly increase the diffusion constant

and effectively melt the diffusion barrier (stratum corneum), so that the

transcutaneous sensor actually measures heated epidemal tissue PO2. However, it is

important to note that increased temperature can both increase PO2 (by means of

breakdown of the stratum corneum, hyperaemia, oxyhaemoglobin dissociation curve

shift, and solubility) and decrease PO2 (due to diffusion gradients of the dermis,

epidermis, and stratum corneum, as well as metabolic oxygen consumption) at the

skin surface. In the skin of neonates these effects are compensatory, causing Ptc02

values to nearly equal PaC>2 values (Barker & Tremper 1985). However, in adults

the skin is more variable in thickness and the heating effects are only partially

compensatory, with the result that Ptc02 is usually lower than PaC>2 (Yelderman &

New, Jr. 1983).

4. Pulse Oximetry. Oximeters estimate Sa02 by measuring the differences in either

absorption or reflection of light by reduced and oxygenated haemoglobin using

optical techniques based on the Beer-Lambert law. The Beer-Lambert law states that

the concentration of an unknown solute dissolved in a solvent can be determined by

the light absorption (Alexander, Teller, & Gross 1989). The development of
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oximetry using this concept extends back through the ages. In 1666, Isaac Newton

discovered the spectrum of colours in sunlight and 200 years later haemoglobin was

described by Georg Gabriel Stokes (Severinghaus & Astrup 1986). However, it was

not until the early part of this century that considerable efforts were made to develop

non-invasive optical techniques for accurate measurements of SaC>2. In 1931,

Nicolia devised the apparatus that was later developed by Kramer to measure

continuous SaC>2 in intact blood vessels (Severinghaus & Astrup 1986). In 1936,

Matthes modified this invasive instrument and developed the first non-invasive red

and infrared ear oxygen saturation oximeter (non-pulsatile) in Germany

(Severinghaus & Astrup 1986). During World War II important advances in

oximetry occurred in the United States and Britain, particularly by Glen Millikan, in

order to help pilots fly at high altitudes in pressurised cockpits. (Wood & Geraci

1949;Milikan et al. 1941). In the 1950s, the development of the Clark electrode

slowed down work on oximetry (Schnapp & Cohen 1990). By the 1960s an ear

oximeter was introduced, but it was bulky and required heating of the ear to

arterialise it in order to obtain reliable measurements of oxygen saturation. In the

1970s, the development of pulse oximetry was made possible by several

technological advances, including the development of light emitting diodes (LEDS)

and the microprocessor, and the merging of two ideas, optical plethysmography and

spectrophotometry (Jensen et al. 1998). The first pulse oximeter was developed

Takuo Aoyagi in 1973 and the first commercially successful device was marketed in

1981 (Severinghaus & Astrup 1986).
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Chapter Four

Relatively recently, it became possible to measure oxygenation in the brain using

methods based on the same principles as pulse oximetry (Gupta et al. 1999). At

present there are two methods that monitor cerebral oxygenation: one invasive

(jugular bulb oximetry) and the other non-invasive (near infrared spectroscopy).

1. Jugular bulb oximetry. Obtaining a sample from the jugular venous bulb was first

described in 1927 by Myerson. Anatomically, 80% to 90% of the blood draining

from both cerebral hemispheres drains into one internal jugular vein. Studies

indicate that blood from the jugular venous bulb is representative of drainage from

all parts of the brain (Sheinberg et al. 1992;Chan et al. 1992;Andrews et al. 1991).

Jugular venous oxygen saturation (Sj02) can be measured intermittently or

continuously (Andrews et al. 1991). Continuous monitoring is possible using

fibreoptic catheters, placed in the jugular vein via a subclavian venous puncture, that

use reflectance spectrophotometry. In intensive care, continuous monitoring is used

frequently because it allows the detection of transient global cerebral ischaemia that

is often missed by intermittent sampling of SjC>2 (Andrews et al. 1991). Clinically,

continuous monitoring of jugular venous oximetry is now being performed in

intensive care units (Andrews et al. 1991), and in the operating room (Chan et al.

1992).

2. Near Infrared Spectroscopy. In 1977, near infrared spectroscopy (NIRS) was first

shown to estimate the ratio of oxygen to total haemoglobin in brain non-invasively

(Slavin et al. 1994). NIRS takes advantage of the fact that near infrared light range
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(700-1000nm) can analyse the colour of the blood to depths of several centimetres

beneath the sensor. Biologic tissue, such as skin, subcutaneous tissue and bone, are

relatively transparent to infrared light (Jobsis 1977). However, infrared light is

readily absorbed by chromphores, such as deoxyhaemoglobin (HbCh), haemoglobin

(Hb) and cytochrome aa3 (the terminal enzyme of the mitochondrial respiratory

chain). Hence, the spectral analysis of transmitted light depends on the ratio of Hb to

transmitted HbCh and on the ratio of oxidised to reduced cytochrome aa3, which in

turn is dependent on the degree of oxygenation in the tissues of interest (Mead et al.

1995). The NIRS oximeter measures these chromophores using a small optical

sensor which emits light at 760 and 850nm that is transmitted and measured by a

photodiode detector placed on the scalp over the frontal region of the brain.

Near infrared spectroscopy differs from pulse oximetry in that it monitors a tissue

field beneath the sensor of several cubic centimetres in size, which contains

capillaries, arteries and veins. Intracranial microvasculature consists of mixture of

venous, arterial and capillary blood. Values are arbitrarily chosen to reflect the

amount of arterial (approximately 25%) and venous (approximately 75%)

contributions beneath the sensor (Pollard et al. 1996a). Therefore, the cerebral

oxygen saturation reading is weighted toward venous blood oxygen saturation, which

represents oxygen extraction by cerebral tissues in response to changes in CBF,

arterial saturation, haematocrit and cerebral oxygen metabolism (Kurth & Uher

1997). In contrast, pulse oximetry is influenced mainly by cardiopulmonary factors

and reflects only arterial saturation.
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NIRS has been studied extensively in animals (McCormick et al. 1991a;Jobsis 1977),

and like transcutaneous oxygen saturation monitoring, the first clinical application of

NIRS was in neonates (Wyatt et al. 1986;Brazy et al. 1985). The neonatal skull is

virtually transparent to near infrared light, allowing easy transmission of photons

from a light source on one side of the head to a detector on the other side of the head

(transmission spectroscopy). In adults, however, this method is not possible because

of the scattering of light in the thicker extra and intracranial tissue. In 1991,

McCormick et al were the first to describe the use ofNIRS in adults (McCormick et

al. 1991b). They took measurements using a near infrared light source and two

spatially separated sensors on the same side of the forehead that allows for two

depths of penetration of the brain (reflectance spectroscopy). They described this

technique as "conceptually elegant but technically demanding" (McCormick et al.

1991b). They found that the cerebral oximeter was able to detect an induced period

of transient hypoxia in seven healthy volunteers significantly faster than EEG

recordings (McCormick et al. 1991b). Studies have also shown that in young healthy

volunteers cerebral oximetry follows the downward trend of arterial oxygen

saturation during graded hypoxia (90%, 80% and 70% arterial oxygen saturation

levels) (Kurth & Uher 1997). Near infrared spectroscopy has also been used to

calculate cerebral blood volume using regression slopes of HbC>2 against oxygen

saturation (Gupta & Bullock 1998). A recent review of NIRS highlighted that this

device has been evaluated in several areas of adult clinical monitoring, such as:

carotid artery surgery, test occlusions of the internal carotid artery, endovascular

therapy, arterial vasospasm, detection of cerebral ischaemia, monitoring brain

condition after head injury, intracranial and cardiac surgery (Slavin et al. 1994).
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However, it is important to note that many of these studies were small (less than 10

patients) and methodologically flawed.

4.2.3 Bloodpressure

The term blood pressure refers to the pressure within the arteries as the heart pumps

blood around the body to maintain adequate perfusion of all vital organs.

4.2.3.1 Direct measurement ofsystolic bloodpressure

Intra-arterial puncture is the direct method of measuring BP. The Reverend Steven

Hales first measured this in 1730 by showing that when a cannula was introduced to

the neck artery of a horse, blood rose in a glass tube to a height of more than eight

feet above the level of the heart (O'Brien & Fitzgerald 1994). Hundred years later, a

device was developed to measure intra-arterial BP in humans (O'Brien & Fitzgerald

1994). The essential components for intra-arterial measurement are: a fine intra¬

arterial catheter (in brachial or radial artery) kept constantly perfused; miniaturised

pressure transducer; and a magnetic tape recorder (Stanton & O'Brien 1993). This

provides a continuous blood pressure profile, giving instantaneous information about

blood pressure through each cardiac cycle and circadian rhythms. This system is

only used in critically ill patients or during surgery under general anaesthetic as it is

considered inappropriate for wider clinical use due to its invasive nature, which

increases the risk of complications such as thrombosis, embolism and infections

(Stanton & O'Brien 1993). Thus, much more attention has focused on the

development ofmethods that measure BP non-invasively.
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4.2.3.2 Indirect measurement ofsystolic bloodpressure

The standard method of non-invasive BP measurement is based on the principle of

artery occlusion. In 1896, Jules Herrison developed the first instrument that

consisted of a mercury reservoir covered by a rubber membrane from which a

graduated glass column arose (O'Brien & Fitzgerald 1994). The mercury bulb was

compressed against the radial artery and air was released gradually while observing

the mercury column. In 1896 Scipione Riva-Rocci developed the occluding arm cuff

(Riva-Rocci 1896). Five years later it was discovered that the 5cm wide cuff used by

Riva-Rocci gave erroneously high systolic pressures, which could be corrected by

using a cuff 12cm wide (O'Brien & Fitzgerald 1994).

Diastolic BP, the pressure in the arteries when the heart relaxes, was first recognised

by Theodore Janeway in 1901 (O'Brien & Fitzgerald 1994). He measured diastolic

BP by listening over the brachial artery with a stethoscope to detect the turbulence of

sounds during the gradual deflation of the cuff. Four years later, Nicholai

Sergeyovitch Korotkov was the first to relate these sounds to systolic and diastolic

BP, the "auscultatory method of BP measurement" (Korotkov 1905). The first

appearance of regular sounds corresponds to maximal, systolic pressure, and the

disappearance of sounds corresponds to the minimal, or diastolic pressure.

This method of BP detection has changed little over the years and it is widely used in

clinical practice. The most popular types of sphygmomanometers in general use are

the mercury and aneroid sphygmomanometers. However, in recent years there has

been considerable concern about the inaccuracy of BP measurements, particularly
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observer error. Two sphygmomanometers have however, been designed specifically

to reduce this problem (O'Brien et al. 1985). However, one of the devices designed

by the London School ofHygiene has been shown to have a calibration error, which

has not yet been rectified (O'Brien et al. 1985). The other device, random zero

sphygmomanometer, has been shown to give systematically lower BP readings

(O'Brien et al. 1990c;O'Brien et al. 1985). Currently, neither of these devices is

recommended for use in research studies (O'Brien & Fitzgerald 1994).

4.2.3.3 Automated methods ofnon-invasive bloodpressure measurement

Automated devices have been invented to replace the observer altogether. These are

designed with either a microphone to record Korotkov sounds or to detect arterial

wall movement using oscillometry.

1. Oscillometric technique. The non-invasive measurement of blood pressure using

the oscillometric technique is based on the principle first reported by Marey in 1876

(O'Brien & Fitzgerald 1994). He found that pulsatile blood flow produces

oscillations of the vessel wall. Subsequent studies concluded that the maximum

oscillations occurred about the mean arterial pressure. The first commercial

oscillometric non-invasive blood pressure device was developed in the 1970s

(Amoore 1993).

The device measures BP by rapidly inflating a cuff, positioned around the patient's

limb, 40mmHg above the patient's systolic pressure. The cuff pressure is gradually

decreased in steps of a few mmHg. When the cuff pressure no longer occludes the

blood vessel, arterial oscillations are superimposed on the cuff pressure and the
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magnitude of these oscillations increases as the cuff pressure is reduced towards the

mean arterial pressure, after which the oscillation magnitude decreases (Amoore

1993). The oscillation amplitudes are measured and used together with an empirical

algorithm in the equipment, to estimate systolic, mean and diastolic blood pressures.

The systolic blood pressure is estimated at the stage where the oscillations begin to

rapidly increase in magnitude, while the diastolic pressure is estimated where the

oscillations begin to rapidly decrease in magnitude (Amoore 1993).

2. Ambulatory blood pressure monitoring. The variability of blood pressure in

differing circumstances of measurement has been known for many years. The

development of portable apparatus (ambulatory monitoring) to measure BP has

allowed the study ofBP variability (O'Brien et al. 1985). Hinman and his colleagues

were the first to describe a truly portable system for the intermittent non-invasive

measurement of BP in 1962 (Hinman et al. 1962). This system was develop

commercially and consisted of a battery operated recorder worn by the patient, a cuff

which was inflated by the patient at predetermined intervals and a microphone

strapped over a brachial artery. Blood pressure was recorded on a magnetic tape,

which could later be decoded, and the pressure plotted over the period of recording.

With the development of compact pumps and memory systems, devices capable of

automatically inflating the cuff have replaced this system and providing pressure

profiles over 24 hours. Thus it has become possible to characterise the circadian

variability of heart rate and blood pressure in normal subjects and various patient

groups (Purcell et al. 1992).
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3. Non-invasive continuous blood pressure monitoring. Non-invasive continuous

monitoring was first described by a Czech physiologist, Ian Penaz, in 1968 (O'Brien

& Fitzgerald 1994). This device, a servo-plethysmomanometer, is based on the

volume unloading principle using a light source and a photocell in a finger cuff

(Penaz 1973). The finger cuff on the instrument is inflated above systolic pressure

and deflated until maximum unloading of the arterial wall occurs at the point of

mean arterial pressure. This signal is used as a reference standard to vary cuff

pressure with the pulse so that maximum unloading is maintained throughout arterial

pressure recording. In 1982, Wesseling and Ohmeda improved the device on its

technical aspects (finger plethysmograph of reduced dimension, feed back system for

finger volume control, and automatic calibration) (Wesseling et al. 1982). The

resulting instrument was called the "FINAPRES (from FINger Arterial PRESsure)

(Figure 4.2). The most attractive features of this finger blood pressure monitor are

the ease with which the cuff can be applied, the simplicity of the operation, and the

fact that arterial pressure can be monitored practically beat to beat without intra¬

arterial catheterisation (Boehmer 1987).

4.3 Accuracy, reproducibility and limitations of available monitoring equipment

The introduction of new techniques does not often result in the demise of its

predecessor; in fact all of the instruments described above are still used in clinical

practice today. There is however, a hierarchical order to how these methods are

viewed in relation to their accuracy. Invasive methods of measuring blood oxygen

and blood pressure are viewed as the "gold standard" with which non-invasive

methods are often compared. However, it is not always appropriate to compare
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invasive and non-invasive methods because often they are measuring different

components of oxygenation or blood pressure. Furthermore, there are numerous

situations in which the risk and discomfort of invasive monitoring are not justified.

For example, elderly stroke patients in most countries are rarely nursed on intensive

care units (Khan et al. 1998). For these reasons non-invasive devices are becoming

more important and can be seen throughout the hospital in theatres, intensive care

units, general medical, and surgical wards. In our large teaching hospital alone, there

are presently 47 different models of automated equipment by 22 different

manufacturers that measure oxygenation, blood pressure and/or heart rate, (personal

communication, medical physics department WGH). Many of these devices measure

more than one physiological parameter (multi-modal devices) and have modules that

can be inserted into the monitor that take both invasive and non-invasive readings.

The complexity of such devices, many of which are empirically calibrated using data

obtained from healthy volunteers under optimal conditions, has led to concerns

regarding their accuracy (Jensen et al. 1998). As yet, there is no legal requirement

for manufacturers to seek independent verification of their instruments' reliability

and validity before marketing.

Before accepting a new monitoring device into clinical practice clinicians should be

aware of its bias, precision, reproducibility, and limitations by completing a

"methods comparisons study" (Bland & Altman 1986). A methods comparison

study uses two methods to measure the same variable. One method is usually a new

technique and the other the "gold standard" (e.g. intra-arterial blood samples of

blood pressure or oxygenation). Many studies report the agreement between the two

devices in terms of a correlation for a least squares linear regression by reporting a
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slope, intercept and a correlation coefficient. However, it should be noted that

presenting the data in this way does not relate to whether one measure can be used in

place of another, or what degree of confidence we should have in the new measure.

Bland and Altman have emphasised the pitfalls of this technique and have noted that

devices with unacceptable properties, i.e. reading too low, nevertheless may have a

good correlation coefficient (Bland & Altman 1986). They recommend calculating

the mean of the difference between the two measurements. This is called the "bias"

or "inaccuracy" and represents the difference between the new and the old system's

values, i.e. it is an estimate of systematic error. A positive value suggests that the

new equipment overestimates, whereas a negative value suggests that the equipment

underestimates, the readings in relation to the standard method ofmeasurement. The

standard deviation (SD) of the mean difference is called the "precision" and is used

to describe the agreement between replicate measurements, i.e. it is an estimate of

the "random error". Therefore, another can only replace one method if the

systematic and random errors are clinically acceptable.

Reproducibility is also an important property in evaluating a new test (Nickerson et

al. 1988). Clinicians should know the range of values observed under identical

circumstances so that they can determine what changes represent clinically

significant changes.

4.3.1 Peripheral blood oxygenation measurements

The arterial blood gas (ABG) analysis is one of the most frequent performed clinical

measurements of oxygenation (Nickerson et al. 1988). Although it has been

145



Chapter Four

considered the gold standard for measuring arterial oxygenation, there are a number

of limitations associated with this method (see Table 4.1). In particular, information

can only be obtained intermittently and this would be of limited value during a study

of nursing manoeuvres, e.g. positioning and feeding, in which oxygenation is known

fluctuate over time (see Chapters two and three) (Alexander Teller, & Gross 1989).

The gold standard is also subject to a degree of uncertainty. This is because the

blood oxygen values, in particular SaC>2, are only as accurate as the empirical

calibration curve programmed into the analyser (Jensen et al. 1998). ABG analysers

that use electrode technology are of similar accuracy to co-oximeters that use multi-

wavelength spectrophotometry technology to estimate in-vitro SaC>2 (Webb et al.

1999). Bias and precision values between the two analysers are 1.8%±2.4% in the

SaC>2 range above 65% (Nickerson et al. 1988). However, bench oximeters (two

wavelength in-vitro spectrophotometers) have been found to be highly biased and

imprecise when compared to co-oximeters (Nickerson et al. 1988).

4.3.1.1 The accuracy of transcutaneous oxygen monitoring devices

Transcutaneous oxygen monitoring is rarely used in adults (Eberhard et al. 1981). In

the literature, the results of comparative measurements of Ptc02 and in-vitro estimates

of PaC>2 in adults are rather contradictory. In healthy adults the two readings are

significantly correlated (r=0.98), however in surgical patients the correlation can be

much lower (r=0.5) (Schonfeld et al. 1980;Rithalia et al. 1979). Tremper and

Shoemaker (1981) found that the Ptc02 correlates well with PaC>2 in critically ill

adults during hypoxia; whereas during shock Ptc02 was associated with cardiac
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output. Another study of critically ill patients found that in general Ptc02 was lower

by 20-50% than Pa02 (Strasser & Goeckenjon 1979). An electronic search of the

medical literature (MEDLINE - between 1985 to 1999) suggests that there are no

studies of the accuracy of transcutaneous monitoring using bias and precision

estimates. The available data do demonstrate however, that Ptc02 and PaC>2 may not

be measuring the same quantity of oxygenation depending on the patient population.

Other, shortcomings of this technique include: calibration of the equipment before

use, a lengthy warm up time of between 5-15 minutes following the application of

the electrode; delayed response in adults to changes in Pa02 of about 45-60 seconds;

and the need to rotate the sensor location every few hours to avoid burns (see Table

4.1) (Yelderman & New, Jr. 1983). The risk of burns is of particular concern for

patients with acute stroke who often have sensory loss or communication difficulties.

This device has also shown to be of little value when assessing oxygenation

differences between the paretic and non-paretic limbs in patients who have had a

stroke for several weeks (Lem & de Vries 1997).

4.3.1.2 The accuracy ofpulse oximeter devices

The co-oximeter is used as the gold standard device when evaluating pulse

oximeters. Recently, a meta-analysis of the accuracy of pulse oximetry compared to

SaC>2 estimated from blood samples via a co-oximeter (blood analyser) in adults has

been completed (Jensen et al. 1998). The authors rigorously searched four electronic

databases (MEDLINE, EMBASE, HEALTHSTAR and CINAHL) between 1970 and

1995. Seventy-four studies met the inclusion criteria, of which only 23 (31%)

reported bias and precision values (absolute mean bias 1,99%±0.23). Because many
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of the included studies only provided correlation coefficients or linear regression

analyses, the authors found it difficult to compare results in terms of accuracy.

The authors ranked the 21 different pulse oximeter models according to their

correlation coefficient (see Table 4.2). The majority of these devices agreed

similarly with co-oximeter values (Jensen et al. 1998). The authors noted that earlier

models showed less agreement between measures than newer models. This is

because over the years the algorithm inside the oximeter has undergone a series of

revisions. The correlation of pulse oximetry with SaC>2 was also ranked according to

the type of subject (see Table 4.3). The highest correlation was in healthy adult

volunteers (r=0.957) with the lowest in critically ill patients (r=0.760). Overall, the

meta-analysis supported the claims ofmost manufacturers that their pulse oximeters

are accurate to within 2% (+SD) or 5% (±2SD) in the range of 70% to 100% Sa02.

The strength of pulse oximetry in the clinical setting not only hinges on its

impressive accuracy, but also on several other principles such as:

• ease of operation

• no calibration is necessary

• adaptability to nearly all patient populations

• relatively fast response time and reporting of data.

The last point is of particular importance because it suggests that one can monitor

rapid desaturation. Severinghaus and Naifeh (1987) tested six instruments by
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placing them on volunteers who were rapidly desaturated to an oxygen saturation of

about 55%, and found response times of 10-20 seconds with the ear probe and 24-35

seconds with finger probes. Conversely, transcutaneous oxygen monitors have found

to take about 10 minutes to respond to rapid desaturations (Rithalia et al. 1979). The

pulse oximeter gives verification of the accuracy of these reading by simultaneously

displaying heart rate and the equipment has alarms to indicate that the sensor has

been removed (New, Jr. 1985). Another major benefit of pulse oximetry is the

flexibility in choosing a monitoring site. The finger, palm, nose, and ear are all

possibilities (Tremper & Barker 1989). The finger probe does take few more

seconds to respond to desaturation compared to the ear probe (Severinghaus &

Kelleher 1992). However, finger probes have a statistically higher correlation with

SaC>2 than ear probes (r=0.967 versus r=0.934, p=0.0001) (Jensen et al. 1998).

There are some circumstances in which pulse oximeters produce false readings (see

Table 4.1). Only six of these factors have been sufficiently addressed in oximeter

studies:

1. Hypoxia. Between 1985 and 1991 there have been 15 studies that tested the

accuracy of pulse oximetry in subjects who were hypoxic due to surgery,

deteriorating health, or induced by rebreathing carbon dioxide (Jensen et al.

1998). Very few of these studies provided bias and precision estimates.

However, Severinghaus et al (1989) studied the accuracy of pulse oximeters from

14 manufacturers during brief hypoxic episodes (range of Sa02 = 40-90%).

Almost all of the 14 oximeters underestimated saturation and were less precise at

a low saturation (Severinghaus et al. 1989).
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2. Dyshaemoglobinemia. Four studies have examined the effects of co-

oxyhaemoglobin on pulse oximetry accuracy (Jensen et al. 1998). All of these

studies found when co-oxyhaemoglobin concentration was more than 3% the

pulse oximeter tended to overestimate Sa02 (Jensen et al. 1998). Tremper et al

highlighted that severe anaemia (less than 5 g/dl) may lead to a weakened pulse

absorbency signal (Tremper et al. 1985). Of greater clinical significance, pulse

oximetry does not reflect oxygen carrying capacity, so patients with severe

anaemia may have an Sa02 that is erroneously high despite a marked deficit in

total oxygen content (New, Jr. 1985).

3. Perfusion. There is very little statistical data regarding the accuracy of pulse

oximetry in low perfusion states. Tremper et al suggested that at extremes of

systemic resistance, the oximeter maybe unable to estimate Sa02 (Tremper et al.

1985). Clayton et al (1991) recommended the use of finger probes, rather than

ear, nose or forehead probes, for patients with poor perfusion.

4. Hypothermia. Under conditions of hypothermia, Tremper et al found that the

Ohmeda BIOX III oximeter has difficulty in obtaining a reliable signal using the

finger probe (Tremper et al. 1985). Another study, found that in hypothermic

surgical patients the Nell N-100 oximeter overestimated SaC>2 (Gabrielczyk &

Buist 1988).

5. Skin pigmentation. One study has shown that subjects' with dark skin

pigmentation have lower correlation coefficients than those with whiter skin

pigmentation (Cecil et al. 1988).
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6. Hyperbilirubinemia. Chaudhary and Burki (1978) assessed the accuracy of a

Hewlett Packard (47201A) oximeter in 11 patients with jaundice who has serum

bilirubin concentrations between 2.7 and 35 mg/lOOmL. Although the

correlation was high (0.85), the SaC>2 values were significantly underestimated.

The above limitations of pulse oximeters have been described as minor in

comparison with requirements for effective and safe patient monitoring (Tremper &

Barker 1989). In the clinical setting, pulse oximeters often function appropriately as

"desaturation meters", with a low pulse oximeter reading taken to imply a low SaC>2

until proven otherwise.

4.3.2 Cerebral oxygenation measurements

Haemoglobin saturation of mixed venous blood reflects the total tissue balance

between tissues delivery and oxygen consumption. Although, potentially useful for

the management of critically ill patients, the accuracy of these devices remains a

matter of controversy (Webb et al. 1999). Furthermore, many of the studies have

only made use of the correlation coefficient, not bias and precision estimates, to

determine the agreement between measurements of the same variable.

4.3.2.1 Jugular bulb oximetry.

If jugular bulb oximetry is used at all, the patient is usually extremely sick and has

serious complications, such as high intra-cerebral pressure and poor cerebral

perfusion (Webb et al. 1999). Such patients are nursed in intensive care and are

often sedated or unconscious. This form of monitoring is a global measure of

151



Chapter Four

oxygenation and regional change in cerebral oxygenation in brain tissue of interest,

for example the "ischaemic penumbra", will not be detected unless it is of sufficient

magnitude to affect the overall brain saturation (Gupta & Bullock 1998).

Furthermore, jugular bulb catheters require constant care and frequent recalibration if

artefactual data are to be excluded (Gupta et al. 1999). The jugular venous samples

may also become contaminated by extracranial venous blood, when the catheter is

placed to low, or if blood sampling is too rapid (Gupta & Bullock 1998).

4.3.2.2 The accuracy ofnear-infrared spectroscopy

NIRS differs from jugular bulb oximetry in that it only reflects oxygen conditions in

the area beneath the sensor. This has excited many neuroscientists who are

interested in monitoring metabolic conditions in targeted regions of brain pathology

(Gupta & Bullock 1998). However despite its applicability, there are still concerns

regarding the accuracy of NIRS. This probably because there is no "gold standard"

for a comparison, particularly as global brain haemoglobin oxygen saturation cannot

be measured directly (Pollard et al. 1996a). Pollard et al found that agreement

between combined arterial and venous oxygen saturation (calculated from blood

samples using radial arterial and jugular venous catherterisation) and regional

cerebral oxygen saturation (rSCh) measurements were often imprecise (±10.4 2SD)

and there was often wide variability among healthy volunteers (Pollard et al. 1996b).

They also found that by altering posture the two values were less well correlated in

subjects who were hypo or hypercapnic, but not hypoxic (Pollard et al. 1996a). The

authors suggested that changes in cerebral oxygen saturation using NIRS "can best

be assessed if position and PaCCh are constant" (Pollard et al. 1996a). This may
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have implications in measuring cerebral oxygenation while changing the posture of

acute hemiplegic stroke patients, who are often hypocapnic at rest (Walshaw &

Pearson 1994). Conversely, Slavin et al found that regional cerebral oxygen

saturation changed in response to altered body position on the side of altered

angiographically verified occlusion of the internal carotid artery, whereas on the non-

diseased side the saturation did not change (Slavin et al. 1994). They suggested that

NIRS could be used to investigate changes in cerebral oxygen saturation in patients

with impaired autoregulation i.e. due to widespread cerebrovascular disease (Slavin

et al. 1994).

The tissue overlying the brain can also influence the measurement of rSC>2 and this is

an important issue in applying this technology to adults. Despite experiments with

indocyanine green (a near infrared light attenuating dye), complete exclusion of the

extracranial signal cannot be guaranteed. Harris and Bailey found that rSC>2 did not

respond to an increase in cerebral blood flow induced by hypercapnia (Harris &

Bailey 1993). Increasing emitter-detector separations may reduce the extracranial

signal, which is thought to allow deeper penetration of the brain (Kurth & Uher

1997;Mead et al. 1995). However, published data using NIRS in seven patients with

acute stroke using the wider detectors did not show any significant changes in

cerebral oxygen saturation over time (Williams & McCollum 1993). This may be

because the sensors were not placed over the site of the cerebral infarct, but over the

frontal lobes according to the manufacturers' instructions. It is difficult to measure

directly over the area of scalp of interest because the sensor must be placed on an

area that is free of hair (approximately 36cm2) to ensure adequate monitoring (Mead

153



Chapter Four

et al. 1995). This would probably be unacceptable for most patients and their

relatives.

There are several models of adult cerebral oximeters using NIRS. They can be

classified by the type of light source used, i.e. diffuse or coherent (laser) (Kurth &

Uher 1997). Instruments that use coherent light technology have the advantage of

being able to measure optical pathlength (the distance travelled by the photons from

emitter to detector) as well as absorption (Kurth & Uher 1997). A further important

difference between the two monitors is the choice of algorithm for quantification of

rSC>2. The algorithm in an oximeter that uses diffuse light is based on the assumption

of the compartmentalisation of the cerebral vascular bed. It has been suggested that

this algorithm may overestimate cerebral oxygenation in conditions where cerebral

haemoglobin concentration is reduced (i.e. ischaemia) (Kurth & Uher 1997).

Conversely, coherent light oximeters use simultaneous solution of matrix equations

of all chromaphore absorption (McKeating, Monjardino, Signorini, Souter, &

Andrews 1997). At present, most of the instruments using coherent light remain

under development, and their rSC>2 algorithms have not been tested (Kurth & Uher

1997). One study however, has compared the two different techniques using two

different NIRS devices, the Invos 3100 (uses diffuse light) and Critikon 2020 (uses

coherent light), in 18 young healthy subjects (McKeating et al. 1997). They found

that within-monitor variability was significantly higher for the Invos than for the

Critikon, but neither instrument was able to give stable and consistent readings over

time. The Critikon failed to obtain any readings in eight subjects out of the 18

subjects (44%) and the Invos failed in three out of 15 subjects (20%). Interestingly,

all the cases where the oximeters did not perform adequately, the subjects were male.
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The authors suggest that this may have occurred because of anatomical differences of

the head, for example skull thickness and mass of overlying muscle, that exist

between the sexes (McKeating et al. 1997). The unacceptable failure rate of the two

commercially available NIRS devices in healthy volunteers does not bode well for

application of these monitors in patients with acute stroke.

4.3.3 Blood Pressure devices

4.3.3.1 The accuracy of intermittent automated bloodpressure devices

In order to minimise the reliance of manufacturers' reports, two groups have

published validation protocols for automated non-invasive BP devices, the

Association for the Advancement of Medical Instrumentation (AAMI) and the

British Hypertension Society (BHS) (OBrien et al. 1990a;Association for the

Advancement of Medical Instrumentation 1986). Unlike the AAMI, the BHS

protocol acknowledges that there are fundamental differences between direct and

indirect methods of BP measurement that preclude the use of the direct method as the

"gold standard" test (O'Brien et al. 1990a). Firstly, BP values obtained by the direct

technique are different from measurements obtained by indirect methods, i.e. intra¬

arterial methods record BP continuously, whereas the majority of indirect methods

measure BP and heart rate intermittently. Secondly, clinical practice uses data

obtained by the indirect method rather more often than that obtained from the direct

technique. Third, there are ethical considerations in the use of intra-arterial

measurement, i.e. invasive nature means that it is often painful and distressing for the

patient. Furthermore, researchers who have compared the two methods have found
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that indirect BP methods often underestimate systolic BP and overestimate diastolic

BP (Rebensen-Piano et al. 1987).

The BHS validation protocol, stipulates that the mercury sphygmomanometer should

be used as the reference standard to which all intermittent non-invasive devices

should be compared (O'Brien et al. 1990a). However, taking manual recordings of

BP are subject to a number of problems involving the equipment, the observer and

the patient (see Table 4.4). The American Heart Association (AHA) and the British

Hypertension Society (BHS) have adequately addressed all of these problems

(Frohlich et al. 1988;Petrie et al. 1986;Kirkendale et al. 1981). Prior to the main

validation test the BHS demands a high level of agreement between observers,

assesses inter-device variability and assesses whether the accuracy of the device is

not altered by wear and tear after a period of use lasting one-month (O'Brien et al.

1990a). The AAMI criteria (1996) recommend that the test device should not differ

from the mercury sphygmomanometer readings by more than 5mmHg, with a

standard deviation equal to or less than 8mmHg. The BHS protocol provides a more

sensitive estimate of accuracy than the AAMI by grading (A to D) the device

according to the percentage ofmeasurements differing from the mercury standard by

5,10 or 15mmHg or less (see Table 4.5) (O'Brien et al. 1990a). The BHS themselves

have spent a lot of time evaluating oscillometric ambulatory and self-measuring BP

devices (O'Brien et al. 1996;0'Brien et al. 1993;0'Brien et al. 1990b). Their studies

highlighted that many of the devices harboured substantial inaccuracies, for example

only one self measuring BP model (Omron Hem-705CP) out of an evaluation of 10

different models fulfilled the BHS requirements for accuracy (O'Brien et al.

1996;0'Brien et al. 1995).
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Both these BP protocols have been established to encourage manufacturers to have

their product evaluated before it is marketed. This begs the question about accuracy

of the immense number of BP devices already in use throughout hospitals without

independent validation. The BHS protocol is highly expensive in that it requires

training observers to expert levels. It also requires a prolonged period of time, e.g. a

number of months, in order to ensure accuracy is maintained even when the BP

equipment is in constant use. This is hardly practical in a large teaching hospital

were money and time are always scarce.

Many large teaching hospitals, which have on-site equipment laboratories and

technicians, use a number of test instruments that simulate dynamic BP waveforms.

All the automated BP devices in our hospital are regularly serviced according to a

standard protocol (Appendix 4). Using a validated BP simulator device (Dynatech

Nevada CuffLink), the technician is able to test NIBP monitors using a number of

different waveforms, pressure ranges, heart rate ranges and simulated pulsations (e.g.

weak or strong) (Amoore 1998;Amoore & Geake 1997;Amoore 1993). The NIBP

device is only deemed acceptable if it agrees with cufflink device within BHS

recommendations of 10-15mmHg accuracy (Amoore 1998;Amoore 1993) (Table

4.5).

4.3.3.2 The accuracy ofcontinuous automated bloodpressure devices

Finapres recordings are similar in appearance to intra-arterial recordings, but the

measurements are not identical (Imholz et al. 1990;Parati et al. 1989). This is

because the propagation of the pressure wave toward the periphery changes the pulse

157



Chapter Four

wave-form, therefore mean and diastolic pressures tend to be lower in the finger

when compared to brachial pressures (Imholtz et al. 1990). On the other hand,

systolic pressures tend to be higher due to amplification of the pulse wave-form

(Wieling 1992). The average discrepancies between intra-arterial and finger blood

pressure were 6.5±2.6mmHg for systolic BP and 5.4±2.9mmHg for diastolic BP.

However, the between subject range was large (1 to -19mmHg), suggesting that

Finapres BP readings do not guarantee a reliable estimate of actual intra-arterial

pressure in individuals any more than do conventional auscultatory or oscillometric

methods that record BP intermittently (Wieling 1992).

The Finapres has been used in a number of studies to investigate cardiovascular

responses to postural manoeuvres (Robinson & Potter 1995;Netten et al.

1992;Imholz et al. 1990). Imholtz et al found that the Finapres recording of systolic

BP on standing up from the sitting position showed a considerable number of

deviations compared to intra-arterial measurements (Imholz et al. 1990). They

suggested that "in individual subjects Finapres registration of systolic pressure to

orthostatic stress should be evaluated with care" (Imholz et al. 1990). Bryant and

colleagues also found considerable variability in repeated Finapres readings taken to

assess BP change from sitting to standing (Bryant et al. 1997). Coefficients of

repeatability were large and suggested that a second measure of BP change from

sitting to standing would lie within about 1 ImmHg of a first reading 95% of the time

(Bryant et al. 1997).

It is also important to realise that measurements of arterial finger pressure are not

always possible. For example in conditions that provoke severe peripheral
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constriction and, consequently, low arterial flow to the hand (Netten et al.

1992;Imholz et al. 1990). The measurement may be accompanied by a blue

discoloration to the fingertip distal to the cuff due to venous congestion (Wieling

1992). However, the blood flow to the fingertip is not fully interrupted since the

arteries under the cuff are unloaded but not fully collapsed. Thus, the blue

discoloration of the fingertip disappears after the measurement has stopped.

The ability of the Finapres to display the full pressure wave continuously and non-

invasively has heightened its use as a research tool. In particular, researchers have

used it to investigate cardiovascular function and dynamic response of the regulatory

system, such as baroreflex function (Robinson et al. 1997a & b), BP variability by

means of spectral analysis (De Boer et al. 1987), or the calculation of beat to beat

changes in stroke volume with pulse contour formulae (Sprangers et al. 1991).

However despite the Finapres's popularity with cardiovascular researchers, the

manufacturers (Ohmeda) no longer make this device.

4.3.3.3 Monitoring bloodpressure in clinicalpractice

In clinical practice there are other sources of variability and error including cuff size

and placement, motion artefact and the variability in the blood pressure itself (see

Table 4.4). All of these problems become particularly important when measuring BP

non-invasively in non-optimal conditions, for example in patients admitted to

hospital with acute stroke.
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4.4 Practicalities ofmonitoring physiological variables in acute stroke

There is a paucity of information on the best way to monitor physiological variables

in the acute phase of stroke. For example should these patients be monitored

invasive or non-invasively? How frequent should these measurements be taken, e.g.

continuously, intermittently? These issues are now seen as a research priority in the

light of the introduction of potentially risky treatments, such as thrombolysis, for

acute stroke patients (Aboderin, Venables, for the pan European consensus meeting

on stroke management 1996). The introduction of such treatments has also resulted

in a renewed interest in acute stroke units. Particularly as the care in these units is

directed towards intensive observation and the prevention of worsening rather than

early rehabilitation (see section 1.4.1) (Stroke Unit Trialists Collaboration 1997). It

is unlikely, even on acute stroke units (based on intensive care units) that acute

stroke patients will require to be monitored invasively. In fact treatments such as

thrombolysis contraindicate the use of invasive monitoring because of the risk of

bleeding (Braimah et al. 1997). It is generally agreed that it is more clinically

relevant, and therefore generalisable, to monitor acute stroke patients using non¬

invasive methods (Warlow et al. 1996).

Recently, a pilot RCT investigating the value of continuous non-invasive

physiological monitoring versus routine monitoring (vital signs recorded four hourly)

in acute stroke patients has been completed. Results of this study suggest that

continuous monitoring in this group of patients is feasible (Davis et al. 1998).

However, based on our own experiences, albeit anecdotal, taking continuous

physiological measurements in acute stroke patients, who are often agitated,

160



Chapter Four

confused, incontinent and extremely sick, is often fraught with difficulties. This

makes it difficult for the observer, even in the context of a RCT, to be sure that what

is being monitored is in fact "real" and not artefact.

4.4.1 Equipment chosen to measurephysiological variables in acute stroke patients

A multi-modal device, the Kontron Kolormon 7250, was chosen to monitor

oxygenation, blood pressure and heart rate in stroke patients, for several reasons:

• The Kontron Kolormon 7250 monitor is connected to a "stack" (see Figure 4.3)

which contains six slots for the insertion of various devices that are able to collect

14 physiological variables (seven invasively and seven non-invasively, see Table

4.6).

• Studies conducted over several years at the Western General Hospital, Edinburgh

have used this equipment to measure long-term physiological variables in head

injury patients on the intensive care unit (Signorini et al. 1996). Therefore, there

was on site expertise ofmaintaining this equipment.

• Compatible computer software (Monitor/Browser) had been developed in-house

to collect the minute by minute data measured by the Kontron device (Howells et

al. 1997;Piper et al. 1991,).

• The equipment was easily transported on a trolley around the hospital to different

wards with stroke patients.
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Stroke patients are susceptible to rapid decreases in oxygen saturation (Walshaw &

Pearson 1994). They may have a decrease in chest wall compliance and a smaller

functional residual capacity, which decreases oxygen reserves (Walshaw & Pearson

1994;Fluck 1966). Acute stroke patients also have a high cardiac output (Treib et al.

1996). For these reasons, it is necessary to have a reliable and accurate rapidly

responding monitor, such as pulse oximetry. Furthermore, pulse oximetry was the

method of choice for all but two of the studies measuring oxygenation included in

the systematic reviews (Sellars et al. 1998;Smith & Connolly 1998;Collins &

Bakheit 1997;Zaidi et al. 1995;Elizabeth et al. 1993) (see Chapters two and three).

Therefore, it would be sensible to use this method of blood gas oxygen monitoring in

order to compare results.

The accuracy of the pulse oximeter module of the Kontron has been tested on an

earlier model of the device (Kontron 7240). This device had bias and precision

estimates (<3%±2SD) in healthy subjects similar to those of other models (Hannart

et al. 1991;Severinghaus et al. 1989;Severinghaus and Naifeh 1987). In fact, for

accuracy it was ranked in seventh place in relation to 21 other models by 15 different

manufacturers (see Table 4.3) (Jensen et al. 1998). In a newer model, such as the

Kontron 7250 (pulse oximeter module 7278), it is likely that the manufacturers will

have improved the algorithm in the device thereby improving its accuracy (Jensen et

al. 1998;Severinghaus et al. 1989). There are concerns however, that this method

may not be as reliable in stroke patients, many of whom are restless, have co-morbid

diseases and require medications that cause peripheral vasoconstriction, such as Beta
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Blockers. Another common concern is that the finger sensor, which is known to be

more accurate than the ear sensor (Jensen et al. 1998), may give less precise readings

when on the paretic hand than when on the non-paretic side (Collins & Bakheit

1997). It is not uncommon for the paralysed or neglected hand to become swollen,

oedematous and/or cold within the first few weeks after the stroke (Wanklyn et al.

1994). Collins and Bakheit (1997) speculated that taking measurements from the

paretic side might delay the detection of changes in SaC>2 because of the change in

blood vessel tone on that side of the body. However, in a study including 15 acute

stroke patients, mean pulse oximetry readings taken over a period of three hours was

similar when the sensor was placed either on the paretic or non-paretic finger (95%

versus 95.1%) (Roffe et al. 1999). The same authors also found that the presence or

absence of an intra-venous infusion did not affect the results (Roffe et al. 1999).

Motion artefact may be difficult to control in patients with acute stroke. The

Kontron 7250 manual suggests that the "transmissive reflective" (TR) finger sensor

rather than the finger clip sensor may reduce motion artefact (Kelleher 1989)

(Appendix 5). The manufacturers reason that the lightweight design of the TR

sensor reduces the risk of a patient inadvertently detaching the sensor by movement

(Appendix 5). Furthermore, the fixation wrap used to attach the TR-sensor to the

patients' finger is thought to shield the sensor from ambient light more than the

finger clip sensor.

The Kontron manual does not describe where the hand should be placed in relation to

the heart. Others have suggest that the sensor has to be level with the heart because

moving the hand above heart level may overestimate Sa02, whereas lowering the
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hand below heart level may underestimate it (Kia et al. 1986). This was further

investigated in a small pilot study including eight hospitalised patients (stroke, n=6;

frequent TIAs, n=l; and Myasthenia Gravis, n=l). The sample consisted of equal

numbers of male and female patients whose mean age was 71 years (range 60 to 84

years). The procedure consisted of the patients sitting in a chair and SaC>2 and heart

rate were then recorded from the non-dominant hand, which was placed in three

different gravitational planes in relation to the level of the heart in the following

order:

1. Below heart level. The hand was placed on a pillow on the bed and the height

was adjusted so that the sensor was in line with the patients' knee.

2. Heart level. The patients' hand was place on a bed side table at the level of the

patients' heart

3. Above the level of the heart. The patients' hand was put on the bedside cabinet

so that the patient's hand was level with their shoulder.

Continuous SaC>2 and heart reading readings were assessed every eight seconds for a

total of six minutes in each hand position. The results showed that the average SaC>2

for the entire group was the same when the hand was positioned at heart level and

above the heart (both means=96.75, SD=0.9, SE 0.31) (Table 4.7). However, SaC>2

was marginally lower when the hand was placed below the heart (mean=96.37,

SD=1.1, SE 0.38), but this difference was not significant. Heart rate was lower when

the hand was positioned either above or below the level of the heart, but again these

differences were non-significant (Table 4.7). This study confirmed that the Kontron
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sensor did underestimate SaC>2 when the hand was positioned below the level of the

heart, but did not overestimate it when the hand was above the level of the heart.

Overall the differences between these positions were small and were unlikely to be

clinically relevant. The study also highlighted that patients who became restless

during the study were more likely to move their fingers and dislodge the Sa02

sensor. Fortunately, the Kontron pulse oximeter gave verification of the accuracy of

the reading by simultaneously displaying heart rate and pulse wave-forms on the

monitor. Also the equipment alarms further indicated that the sensor had been

removed.

4.4.3 Measuring bloodpressure in acute stroke patients

Blood pressure can be measured non-invasively using the Kontron 7250 using the

arm cuffmodule (7282). This BP device was developed in the late 1980s, which was

prior to the development of the BHS protocol in 1990. As a result of the early

development of this device it was independently validated using the AAMI protocol

(see Kontron equipment specification, Appendix 4a), itself a valid protocol for

testing whether the device correctly interprets the BP (personal communication, Dr

Padfield, member of the British Flypertension Society). The AAMI criteria states

that an automated BP measurement device is acceptable for clinical practice when

the mean change in BP is <5mmHg and the standard deviation is <8mmHg from

"gold standard" intra-arterial blood pressure measurements (see section 4.3.3.1).

The Kontron NIBP device was purchased after discussion with the MRC Head Injury

Monitoring Study, Edinburgh University, which was under the direction of the late
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Professor Miller. This study, which commenced in 1989, involved monitoring up to

14 physiological variables recorded continuously with the Kontron Supermon

monitors, both invasively and non-invasively, in all patients admitted to ICU with

acute traumatic brain injury. They chose this particular NIBP device for several

reasons (personal communications from Dr Ian Piper and Mrs Patricia Jones, both of

whom worked on the MRC Head-Injury Study in 1989):

• It was already available in the ICU for standard use in NHS patients.

• It is British-made and the company had a division based in Scotland, i.e. there

was local expertise for equipment maintenance and repairs. As far as possible,

the MRC encourage purchase of locally manufactured equipment.

• There was also expertise for maintaining this equipment in-house (personal

communication Dr Amoore, Head of Equipment Management, Medical Physics

and Engineering, Lothian University Hospital Trust).

• It met the AAMI national standard for accuracy, but prior to being connected to

the patient in the Head Injury Study the Kontron NIBP device was calibrated

with a sphygmomanometer to be within ±5mmHg of the displayed readings.

• The original data collection software for collecting minute-by-minute data was

designed to be compatible with the Kontron Supermon, although Dr Howells has

since developed the software from 1995-present to be compatible with all most

all available monitoring equipment (Howells et al. 1997).
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• The "MRC Clinical Research Initiative in Clinical Neurosciences (Stroke and

Head Injury)" funded the study of physiological insults after stroke in 1993. As

the Stroke Study was originally intended to run in parallel with the Head Injury

Study, it was important that the equipment used in both studies was compatible.

Although there is no obligation, it is the manufacturer's responsibility to ensure that

their NIBP device complies with either of the recommended standards, the AAMI or

BHS (O'Brien et al. 1990a). At present, both these protocols are necessarily lengthy

and therefore expensive, require considerable involvement of trained personnel under

careful supervision and a large number of subjects with a wide range of BPs

(O'Brien et al. 1990a). Therefore, the Kontron NIBP module (7282) is an acceptable

device for research, because it does meet the AAMI criteria (personal

communication Dr Padfield, member of the British Hypertension Society).

With the experience derived from a decade of using these protocols, there is

development of a more simplified protocol, which is a rapid and inexpensive

evaluation of automatic BP measurement devices (READ) and reduces the number of

subjects recruited from 85 to 24 (Naschitz et al. 1999). This protocol may expose

specific defects of individual instruments (Naschitz et al. 1999). However, the

protocol could not be used to further validate the Kontron device because:

• The READ was developed and published in late 1999, which was after the

Kontron equipment had already been used to collect data in the present study and

the hesis had been submitted.

• The Kontron monitor has ceased to be manufactured and is no longer serviceable.
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• The Kontron has not been used on patients since the end of data collection in

August 1998.

Also, the READ authors admit that there are several limitations to their protocol

(Naschitz et al. 1999):

• It is unknown how the results of the READ relate to the BHS and AAMI

protocols.

• It needs to be further evaluated by examination of additional instruments

exhibiting a range of high and low accuracy.

• It has not been evaluated in patients with different features, particularly those

common in many stroke patients, such as isolated systolic hypertension, obesity

or the presence of cardiac arrhythmia.

• It, like both the AAMI and BE1S, ignore the ability of monitors to record

accurately in the presence of artefacts.

The Kontron equipment was purchased for the study in 1993, therefore it was likely

that the influence of use (i.e. wear and tear) would also influence the accuracy of the

NIBP module. In order to familiarise myself with the Kontron NIBP device, a pilot

study was conducted prior to commencing the study to compare one automated arm

cuff readings with that taken simultaneously from the opposite arm using a mercury

sphygmomanometer. The sample consisted of fourteen subjects (mild stroke, n=2;

frequent TIAs, n=4; and non-vascular neurological diseases, n=8) who were
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relatively well and about to be discharged home. The mean age of the group,

including ten female and four male patients, was 57.5 years (range 23 to 81 years),

which is much lower than the average age of most stroke patients. None of these

patients had hypertension at the time of observation. The overall manual systolic and

diastolic BP for the entire group was 131/73mmHg. The mean differences in systolic

and diastolic BP between using the manual sphygmomanometer and the Kontron

oscillometric device were less than 5mmHg, however the standard deviations of the

differences were not small (SD=18-21mmHg). However, this design did not take

into consideration the differences between arms, the magnitude of the tourniquet

effect of BP measurement on the opposite arm or intra-subject variability in the

readings. Therefore, we could not be sure that the Kontron device did not produce

systematic errors so that the BP readings were unacceptably different (out with the

aforementioned standard protocol criteria) from the patients "real" BP (see validation

below). However, the aim of the present study was to observe changes in BP during

positioning and feeding not the patient's absolute BP. Nevertheless, it was still

important to ensure that there was consistency of measurements, even though the

same equipment was being used to measure BP in every patient.

Evaluation of the consistency of the Kontron NIBP module

Consistency ofmeasurement is an important indicator of quality for NIBP monitors.

However, it is not easy to assess the consistency using conventional protocols

because of the beat-to-beat variation in BP. Also, physiological and pathological

variations in BP limit the ability of investigators in clinical trials to focus on

instrumentation-related causes of variability of measurement. However, NIBP
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simulators offer the opportunity of studying the reproducibility of measurements

with and without artefacts. To be useful for evaluation, simulators must generate

consistent waveforms and be able to assess a monitor's systematic and non-

systematic errors.

Dr Amoore (Head of Equipment Management in the Medical Physics and

Engineering Department at the Western General Hospital) tested the Kontron device

using a Dynatech Cufflink (Dynatech Nevad Inc., Carson City, Nevada, USA). In

previous studies this simulator has been shown to generate waveforms reproducibly

(Amoore & Geake 1997a, 1997b), confirming the manufacturer's specifications and

its ability to be used for assessing consistency ofmeasurement. Furthermore, it can

detect systematic differences in a particular model ofNIBP monitor due to a variety

of causes, algorithm selection, calibration offset and the unknown (Amoore & Scott,

2000).

The cuff hose of the Kontron monitor was connected to the test simulator, which

incorporates an internal cuff, designed to simulate the volume and compliance of an

adult cuff wrapped round a limb. The simulator was controlled by a personal

computer, which recorded the peak inflation pressure. The Kontron was also directly

connected to the personal computer.

Even when presented with a fixed simulated waveform (the "measurement standard"

for the analysis) NIBP recordings will vary from determination to determination

(Amoore & Geake 1997). Hence each simulated waveform was repeated five times

(with an interval of 5 minutes between each determination). The average bias and
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the standard deviation (precision) were calculated (Bland & Altman 1986). The first

part of the protocol tested the monitor at six different pressures ranging from low

(60/30mmHg) to high (200/1 OOmmHg), with five determinations at each target

pressure (Appendix 4b). Then the simulator tested the Kontron monitor's ability to

follow changing pressure patterns. The pressure setting of the simulator was ramped

up from 60/30mmHg to 255/195mmHg and then down to 60/30mmHg with the

sequences repeated. The differences between the measured pressures and the target

simulator pressures were recorded.

With no artefact present, the Kontron satisfied the criteria for consistency with bias

and precision in systolic, diastolic and mean BP was <2±3mmHg in consecutive

measurements taken every five minutes (see Appendix 4c, Figures 1-3). It is

important to be aware that these very consistent BP readings would be unlikely if the

simulator did not faithfully reproduce physiological waveforms (personal

communication Dr Amoore, Head of Equipment Management, Medical Physics and

Engineering, Lothian University Hospital Trust).

Although this device met the laboratory criteria, there were still concerns that the

artificial nature of this test may not be generalisable to everyday use in patients with

acute stroke. Therefore, there were number of concerns in monitoring NIBP in

patients with acute stroke. Each of these were considered in turn:

1. Should BP be recorded on theparetic or non-paretic arm?

There is considerable confusion over which arm is best for measuring BP in acute

stroke patients. Yagi et al found that mean BP was significantly higher when
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measured on the paretic arm of 47 patients with stroke (Yagi et al. 1986). Dewer et

al suggested that these differences were due to the change in tone of the paretic

muscles (Dewar et al. 1992). In the 103 hemiplegic stroke patients studied they

found on average that BP taken from the paretic arm tended to be higher if the arm

was spastic and lower if it was flaccid. Moorthy et al also found that in five patients

with flaccid arms, BP was always lower than that on normal arm (Moorthy et al.

1996). However, they did find that BP taken from a spastic limb could be either

higher or lower than BP taken from the normal limb. Panayiotou et al (1993)

measured BP in 15 acute stroke patients with a flaccid paretic arm and found both

systolic and diastolic BP to be higher in eight of the 15 patients and lower in seven of

the 15 patients when compared to the normal arm. The authors suggested that their

data did not support the theory that alterations in muscle tone and tissue

compressibility in the flaccid arm of stroke patients will result in a lower BP relative

to the normal arm. They did however, show that patients with acute hemiparesis had

a small but significant inter-arm difference in non-invasive simultaneously recorded

BP similar to that of elderly patients without stroke (Panayiotou et al. 1993).

Panayiotou et al also found that elderly patients without hemiparesis also showed

inter-arm differences of 4.2mmHg to 3.2mmHg (Panayiotou et al. 1993). These

inter-arm BP differences were probably due to diseases common in the elderly, such

as artheroma or thrombosis (Finnegan et al. 1985). However, this phenomenon has

also been observed in young healthy subjects (Fotherby et al. 1993). Others have

suggested that inter-arm BP differences might be as a result of anatomical

differences between the left and right arteries, because BP measured in the right arm
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tends to be higher than in the left arm (Frank et al. 1991;Hashimo, Hunt, & Hardy

1984;Swallow 1975).

In order to control for possible confounding differences related to inter-arm BP

measurements in patients with acute stroke it was considered important to randomise

the position of the BP cuff between the paretic and the non-paretic arm.

2. Arm cuffversus thefinger cuff

The Kontron arm cuff blows up to pressures 40mmHg above the patients own

systolic BP. While testing the accuracy of this device it became apparent that some

patients, particularly those with high BP, found this uncomfortable. The Finapres

was an attractive alternative. Not only did this device measure BP using a finger

cuff, but it measured BP continuously. However, the Finapres has a bulky transducer

device that sits on the back of the hand, which is often uncomfortable for many

patients (see Figure 4.2). This box was also easily dislodged and in some agitated

stroke patients who moved their arms around it was a hazard (Khan et al. 1998).

Furthermore, using a device that a manufacturer no longer makes means that there

would be difficulties in maintaining and repairing the Finapres equipment for the

duration of the study.

However, the finger cuff was still an attractive idea, so it was suggested that the

neonatal NIBP module (7283) of the Kontron Kolomon 7250 may be used as an

adult "finger cuff." To test this theory a study was conducted in nine patients nursed

on the intensive care unit in the Western General Hospital, Edinburgh (CK Wong,

personnel communication). The researchers found that the BP readings taken using
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the finger cuff reasonably followed continuous intra-arterial readings. Unfortunately

these data were never published. Therefore, this study was repeated, but with two

important modifications (Khan et al. 1998):

• The finger cuffwas compared with the arm cuffmodule of the Kontron Kolormon

7250. This was because invasive and non-invasive measurements are measuring

BP differently (see section 4.3.3).

• The study sample consisted of alert out-patients attending neuro-vascular clinics,

rather than patients who were unconscious and sedated on the intensive care unit.

Many of these patients had experienced a previous stroke or TIAs.

This pilot work was undertaken by a medical student, Sohail Khan, as part of a

physiology (BSc Honours) project and has been recently published (Khan et al.

1998). A total of 168, predominantly male, patients were recruited (mean age 63

years, range 18 to 85 years). Four patients were excluded, as their BP was

unmeasureable with the finger cuff. These patients had systolic BP greater than

210mmHg and diastolic BP greater than 90mmHg (recorded with the arm cuff), but

other patients who had similarly high readings could have their BP recorded using

the finger cuff. These comparisons between arm and finger cuff are therefore based

on the analysis of 164 patients.

BP measurements were taken in sequence, either arm:finger:finger:arm (n=85) or

finger:arm:arm:fmger (n=79), with at least 60 seconds after each deflation before

starting the next measurement. The results showed that compared to the arm cuff,

the finger cuff significantly underestimate systolic BP by about 15mmHg, but
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overestimated diastolic BP by 5mmHg (see Table 4.8). Bland and Altman statistical

techniques further revealed that the finger cuff BP values varied widely from those of

the arm cuff (see Figures 4.4 and 4.5). Some of this variability may be related to

basic physiological facts that cause BP in the finger to be different from that in the

upper arm, namely the brachial to finger pressure gradient and the pulse

amplification (Wieling 1992).

This study also highlighted that when BP was recorded from the arm sequentially

(i.e. arrmarm), the first systolic and diastolic readings affected subsequent BP

readings from the arm (see Table 4.8). For systolic data there was a significant mean

decrease in the second arm measurement of 9mmHg, whereas diastolic BP increased

by 1 ImmHg. However, when the time between arm BP measurement was increased

by approximately four minutes, these differences were no longer significant. Other

groups have also observed the importance of a sufficient time period between

measurements. For example, Armitage and Rose found that 10 normotensives had a

significant fall in systolic BP of 3mmHg, but not diastolic BP, between repeated

sitting pressures recorded using a mercury sphygmomanometer taken two minutes

apart (Armitage & Rose 1966). Another study also found that hypertensive patients

also had an average fall in systolic pressure of 4mmHg between the first and second

supine BP measurements taken one minute apart (Jamieson et al. 1990). These data

suggest that repeat arm measurements should be separated by a period of time that is

equal or greater than five minutes.

The study also found that the second systolic BP reading using the finger cuff was

marginally lower than the first BP reading and this difference was statistically
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significant (absolute mean difference=-2.85mmHg, 95% CI -0.31 to -2.49) (Table

4.8). There were no significant differences between repeat diastolic BP

measurements using the finger cuff. However, it is important to note that there was

considerable variability in sequential finger cuff readings between individuals, i.e.

the first mean BP reading recorded from the finger may give a value 17mmHg (2SD)

above or below the second reading (Figure 4.6). Still repeated arm cuff

measurements are more variable, i.e. the first mean arm BP readings may be

20mmHg above or below the second reading (see Figure 4.7). These data indicate

that the finger cuff is probably sufficiently accurate to replace the arm cuff to look

for trends in blood pressure, except in those patients with extremely high blood

pressures, which can occcur in some stroke patients (Khan et al. 1998). Furthermore,

patients found the finger cuff far more comfortable than the arm cuff.

3. The influence ofarm position on BP

The influence of arm position on BP measurements taken using an arm cuffwas first

recognised in 1909 (Hill 1909). However, observers overlooked this factor until the

early 1980s. Webster et al found that when the arm was unsupported at the patients'

side, both systolic and diastolic BP were consistently higher by as much as 20mmHg

than when it was taken with the arm supported at heart level (Webster et al. 1984).

Furthermore, the authors found that when the arm was positioned higher than the

heart the BP tended to be underestimated (Webster et al. 1984). These differences

were probably due to hydrostatic effects (Ljungvall et al. 1989;Mitchell et al. 1964).
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A small pilot study was conducted to see whether the Kontron neonatal/finger cuff

BP readings were also influenced by the position of the arm. This study included the

same hospital in-patients who had their SaC>2 measurements recorded at the three

different levels from the heart, e.g. below heart level, heart level and above heart

level (see section 4.4.2).

The results confirmed that changing the position of the arm does influence BP

recorded in that finger by the Kontron (see Table 4.9). The mean difference between

systolic BP measurements supported at the level of the heart and those taken above

heart level was statistically significant (absolute mean difference=22.87mmHg,

SD=10.95, 95%CI 13.5 to 31.9, p=0.001, paired t-test). Diastolic BP measurements

recorded above the level of the heart were also lower than those taken at heart level

(absolute mean difference=17mmHg), this difference not being statistically

significant (95% CI -9.2 to 43.2, p=0.17, paired t-test). Blood pressure recorded

below the level of the heart was only marginally higher than readings at heart level;

systolic BP was higher by 5.5mmHg+31.4SD and diastolic BP was higher by

1.6mmHg±31.9SD (both, p>0.5 paired t-tests). However, the standard deviations

between finger measurements taken below and at the level of the heart indicate that

there was substantial variability between subjects.

Conclusion

The Kontron 7250 and NIBP module (7282) was chosen to measure BP in the

present study, because it:
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• Meets the criteria for "accuracy" according to the AAMI protocol.

• The individual machine was demonstrated to provide very good reproducibility

ofmeasurements when compared with artefact-free signals.

• Both the Head-injury and Stroke studies were designed to run in parallel so it was

important that there was consistency in the equipment used in both studies.

• There was expertise in the department, i.e. the Head Injury study, in using this

equipment to measure physiological variables in acutely ill patients.

• There was expertise for maintenance and repairs in-house.

• It was compatible with the software for collecting the NIBP data on-line.

• Other physiological measurements, for instance Sa02 and heart rate, could be

measured simultaneously using the same device.

It is important to note that the same machine was used in all patients, therefore even

if this individual machine did have systematic errors, the measurements it provided

were consistent. This is important when looking at changes in BP. Also, erroneous

readings of BP (caused by random non-systematic errors, e.g. motion artefact) are

typically accompanied by erroneous measurements in heart rate, suggesting that

knowledge of heart rate (also recorded in the present study) can ensure consistency

of the NIBP measurements. Furthermore, the Medical Physics and Engineering

Department at the Western General Hospital regularly serviced the equipment and

checked it for accuracy every 4-6 months throughout the period of data collection in

order to ensure the accuracy and the consistency ofmeasurements.
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The pilot studies highlighted that measurements taken using the Kontron arm cuff

were no better or worse than those measured using the finger cuff. However, it was

also apparent that there were physiological differences between finger and arm BP

readings. Finger BP readings could be used to investigate trends, however they

would not be comparable to routinely collected BP readings that are measured in our

hospital using manual or automated equipment attached to an arm cuff. Also, as the

finger cuff is less accurate in some patients with higher BPs (Khan et al. 1998),

which occurs in some patients with acute stroke, it was agreed that the finger cuff

should only be used in those patients who found the arm cuff intolerable.

4.5 Methods for measuring blood oxygenation, blood pressure and heart rate

during the positioning and feeding of acute stroke patients

Blood oxygenation, BP and heart rate measurements taken during the positioning and

feeding of acute stroke patients were measured non-invasively using the Kontron

Kolormon 7250 according to the following protocol:

Blood oxygenation and heart rate measurements

• Continuous SaC>2 and heart rate measurements were recorded using the Kontron

oxygen saturation module (7278)

• All Sa02 measurements were made using the finger transmissive/reflective sensor

of the pulse oximeter, which is thought to be less sensitive to movement artefact

than the finger clip sensor and more accurate than the ear sensor.
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• The position of the pulse oximeter rate sensor was randomised between the paretic

and non-paretic hand in order to control for unknown confounding factors.

Therefore, it would be possible to test for differences in SaC>2 between the paretic

and non-paretic arm.

Blood pressure measurements

• Intermittent BP measurements were recorded using the Kontron arm cuff module

(7282). If this device was intolerable then trend BP measurements were taken

using the Kontron neonatal/finger cuff module (7283) (hereafter referred as the

"finger cuff').

• Repeated arm measurements were separated by a period of five minutes to avoid

subsequent BP readings being affected by prior cuff inflation (Khan et al. 1998).

• The BP cuffwas placed on the opposite arm from the SaC>2 sensor.

In order to minimise disruption to the patient and routine ward activities, all

measurements were to be taken for a period of 10 minutes in each of the study

positions or before and after feeding. The observer was also expected to remain with

the patient for the duration of the study so that there would be a record of patient

activities that could be related to anomalies in physiological recordings.

4.6 Summary

There are many techniques, methods and devices that measure oxygenation, blood

pressure and/or heart rate invasively or non-invasively. Invasive methods of
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measuring blood oxygen and blood pressure are usually viewed as the "gold

standard" with which other methods are compared. However, the risk and

discomfort of invasive monitoring is not always justified in acute stroke patients.

For these reasons the Kontron Kolormon 7250 was chosen to monitor SaC>2, BP and

heart rate non-invasively in acute stroke patients during routine positioning and

feeding by nurses. The accuracy, reproducibility and limitations of this device are

similar to that of other models. To ensure the greatest accuracy of the physiological

recordings, the observer should remain with the patient for the duration of the

recording period and document any unpredictable patient activities.
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Table 4.1 Limitations of peripheral methods of blood gas oxygen measurement

(New, Jr. 1985)

Arterial Blood Gas Transcutaneous Oxygen Pulse oximetry
Sampling Monitoring
Invasive Requires technical Calibration is purely

expertise empirical and cannot
Requires technical be checked

expertise Requires lengthy
calibration Provides no

Intermittent readings information about

Requires 10 minute warm- peripheral blood flow
Delay between sample up time
acquisition and laboratory Provides no trend of
results Requires site preparation Pa02 until low (70

requires site changes every mmHg)
Uncomfortable for patient 4-6 hours

Equipment is less
Risk of infection, bleeding Risk of bums to the skin accurate if Sa02 is
or thrombosis

In adults Pa02 readings are

low (78%)

often underestimated Fails under no pulse
conditions (intense

Clinical applicability vasoconstriction)
limited

Requires non¬
pulsatile venous
pressures (may fail
under conditions of
severe right heart
failure)

Fails with severe

anaemia or
haemodilution

Sa02 will be over or
underestimated if

dyshaemoglobins are
present

Sensitive to motion

artefact, ambient light
and electrocautery
instruments
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Table 4.2 Ranking of 21 pulse oximeters by correlation with SaC>2

(Jensen, Onyskiw, & Prasad 1998)

Oximeter model Type of probe Number Total Total Correlation
of number number coefficient
oximeter of of data r

trials subjects points
Datascope Accusat Finger 2 25 245 0.986
Oximet 1471 Finger 1 15 53 0.983
Novametrix 500 Finger 1 8 62 0.981

Physio-Control Lifestat 1600 Ear/Finger 3 27 120 0.977
Puritan 240 Finger 1 10 240 0.977
Biochem Microspan 3040 Finger 1 10 239 0.975
Kontron 7840 Finger 1 10 115 0.966
SiMed S-100 Finger 1 10 250 0.961
Radiometer OXI Finger 2 18 182 0.955
Criticare 501 + Finger 2 39 178 0.953
Datex satlite OS-103 Finger 2 18 182 0.950
Hewlett packard 47201A Ear 10 293 1923 0.938
Minolta Pulsox 7 Finger 2 18 185 0.934
Nellcor N-200 Finger 2 34 164 0.905
Ohmeda BIOX 3740 Finger/multiple 2 21 340 0.902
Ohmeda Biox II Ear 2 191 300 0.892
Nellcor N-100 Finger 6 201 649 0.869
Ohmeda Biox IIA Ear 5 239 758 0.858
Ohmeda Biox 3700 Ear/Finger 9 276 877 0.781
Minolta S-32 Finger 1 21 21 0.716
Ohmeda Biox III Finger/multiple 2 76 464 0.591
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Table 4.3 Correlation of pulse oximetry with oxygen saturation by type of
subject

(Jensen, Onyskiw, & Prasad 1998)

Type of patient Number Total Total Number Correlation
of number number of of Coefficient
studies of data oximeter r

subjects points trials

Healthy adult volunteers 13 318 3683 32 0.957
Anaesthetised patients 1 34 94 1 0.950
Athletes 2 21 313 2 0.948
Thoracic surgical patients 2 15 125 2 0.930
Cardiac surgical patients 2 72 287 2 0.904

Respiratory patients 8 558 1590 11 0.880

Critically ill/ICU patients 8 329 1012 8 0.760
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Table 4.4 Sources of error of non-invasive BP (NIBP) measurement

(Petrie et al. 1986)

Equipment Observer Patient

Inadequate servicing Inadequate Training: Patient state and
and maintenance: False interpretation of characteristics:

accuracy Korotkov sounds - diastolic anxiety
calibration pressure (estimated at phase fear
air leaks 5 - disappearance of pain
cracked and perished sounds) exercise
rubber tubing comfort
deflation time terminal digit preference temperature

Knowledge of previous obesity
Cuff: recordings meals
condition smoking
application poor hearing or vision alcohol

medication
Bladder: Number of recordings taken arrhythmias
Bladder should be 12 at one time point
x 35 cm (BHS Position of the

recommendation) Care and time to take patients
recordings body: supine

sitting
Inadequate explanation to
patient Arm: Adequate

support of the arm
at the level of the
heart

Restrictive

clothing around
the cuffed arm

Alerting reaction:
white coat

hypertension
regression to the
mean
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Table 4.5 The British Hypertension Society (BHS) protocol grades according to
the percentage of measurements differing from the mercury standard

(O'Brien et al. 1990a)

BHS grade Percentage ofmeasurements of differences
between standard and test device (mmHg)

A 80%<5mmHg
90%<10mmHg
95%<15mmHg

B 65%<5mmHg
85%<10mmHg
95%<15mmHg

^
45%<5mmHg
75%<10mmHg
90%<15mmHg

D
worse than C
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Table 4.6 Physiological variables measured invasively and non-invasively by the
Kontron Kolormon 7250

Invasive physiological parameters Non-Invasive physiological parameters

Arterial blood pressure Non-invasive blood pressure

Intra-cranial pressure SaC>2 (pulse oximetry)

Pulmonary artery pressure Heart rate

Partial pressures of O2 and CO2 Respiration rate

Venous oxygen saturation Temperature

Cardiac output Electrocardiogram

Blood temperature Electroencephalogram
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Table 4.7 Mean SaC>2 and heart rate when the sensor is at heart level, above
heart level and below heart level in eight patients with neurological disease

Mean SaC>2 % Mean heart rate bpm
(SE) range (SE) range

Heart level 96.75 (0.41) 95 to 98 67.88 (4.11) 48 to 83

Above heart level 96.75 (0.31) 95 to 98 63.2 (5.20) 40 to81

Below heart level 96.37 (0.38) 95 to 98 66.0 (4.73) 47 to 89
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Table 4.8 Comparison between oscillometric arm cuff and finger cuff BP
readings using the Kolormon Kontron 7250 in 164 subjects

(Khan, Wardlaw, Davenport, & Lewis 1998)

Comparison Number Mean difference, 95% confidence
of SD, (SE) range mmHg intervals mmHg
readings

All Arm versus Finger
SBP 328 15.43, 17.4 (0.96)-18.7 to 49.5 17.31 to 13.55*
DBP -4.70, 17.9 (0.99) -39.8 to 30.4 -2.76 to -1.94*

Sequential arrmarm
SBP 79 9.20, 15.8 (1.77)-21.8 to 40.1 12.67 to 5.73*
DBP -11.49, 14.5 (1.62)-39.9 to 16.9 -8.31 to-3.18*

Sequential finger:finger
SBP 85 -2.85,11.7 (1.27)-25.8 to 20.1 -0.36 to-2.49*
DBP -0.26, 9.0 (0.98)-17.4 to 17.36 1.66 to-2.18

Arrmfinger
SBP 164 16.42, 17.7 (1.38)-18.2 to 51.1 19.12 to 13.72*
DBP -1.54, 19.1 (1.49)-39.0 to 35.9 1.66 to-2.18

Fingenarm
SBP 164 -14.43, 17.0 (1.33)-47.8 to 19.0 -11.82 to-17.04*
DBP 7.85, 13.25 (0.91)-23.7 to 39.4 -2.76 to-1.94*

* p<0.05 paired t-test

SD = standard deviation

SE = standard error

SBP, systolic BP; DBP, diastolic BP.

189



Chapter Four

Table 4.9 Mean systolic and diastolic BP when the finger cuff is at heart level,
above heart level and below heart level in eight patients with neurological
disease

Mean Systolic BP (mmHg) Mean diastolic BP (mmHg)
(SE) range (SE) range

Heart level 110.62 (8.7) 63 to 152 49.63 (13.8) 25 to 141

Above heart level 87.75 (7.2) 60 to 128* 32.63 (4.7) 20 to 53

Below heart level 116.12(6.2) 94 to 149 51.25 (5.4) 31 to 81

* Systolic BP taken with the arm above the heart was significantly lower than
systolic BP taken when the arm was at heart level (p=0.001, paired t-test).
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Figure 4.1 The oxygen-haemoglobin dissociation curve at normal temperature
showing the relationship between arterial oxygen saturation (%) and partial
oxygen tension (mmHg).
(As partial oxygen tension increases, more oxygen combines with haemoglobin)
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Figure 4.2 Diagram of the set up used for taking continuous blood pressure and
pulse readings by a finger cuff attached to an interface module using the
Finapres 2300

Interface module
mounted on back of
the patient's hand

Finger cuff

Ohmeda
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Figure 4.3 Diagram of the set up used for taking BP readings by the arm and
finger cuffs and pulse oximeter sensor using the Kontron Kolormon 7250.
(The readings of SaC>2, heart rate, systolic, diastolic and mean BP were displayed on
the monitor)
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Figure 4.4 The difference in systolic BP measured using two different cuffs, arm
or finger, versus the mean of systolic BP using the finger and the arm cuff
(mmllg)

(Khan 1996)
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Figure 4.5 The difference in diastolic BP measured using two different cuffs,
arm or finger, versus the mean of diastolic BP using the finger and the arm cuff
(mmllg)

(Khan 1996)
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Figure 4.6 The difference in mean BP of sequential finger cuff readings versus
the mean of sequential BP finger cuff readings (mmHg)

(Khan 1996)
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Figure 4.7 The difference in mean BP of sequential arm cuff readings versus the
mean of sequential BP arm cuff readings (mmHg)

(Khan 1996)
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Chapter Five

Chapter Five: Patient positioning in acute stroke - the effect on

arterial oxygen saturation, blood pressure and heart rate

5.1 Introduction

The following observational study was undertaken to investigate the influence of

routine positioning by nurses on oxygenation and blood pressure in the acute phase

of stroke. The study was designed to answer the following questions:

1. What is the magnitude of change in arterial oxygen saturation, blood pressure and

heart rate on altering the posture of acute stroke patients?

2. When lying horizontal, does lying on the paretic side result in better oxygenation

and blood pressure than does lying on the non-paretic side?

3. Do sitting positions result in better oxygenation and blood pressure than

horizontal positions?

4. Are any of these changes in oxygenation and blood pressure likely to be of

clinical importance?

5. Is there one overall position that is better for acute stroke patients or one which

should, if possible, be avoided?
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5.2 Methods

5.2.1 Inclusion Criteria

For the period between the 1 October 1996 to 30 August 1998, all consecutive

hospital admissions for acute stroke were considered for the study. During the first

year of the study (1 October 1996 to 30 September 1997) patients were included if

they met the following criteria:

• first or recurrent ischaemic or haemorrhagic stroke

• male and female patients more than 16 years old (no upper age limit).

• physiological monitoring could be undertaken within seven days of the onset of

stroke

• motor deficit affecting the arm and/or leg, described as either being mild (Medical

Research Council (MRC) motor grade 4), moderate (MRC motor grade 3) or

severe (MRC motor grade 0-2)

• unable to walk without assistance

• required help with changing position

• agreed to participate (section 5.2.6)

During the first year of data collection it became apparent that patients with mild

motor deficits (MRC grade 4) were unlikely to require help with positioning.
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Therefore, the eligibility criteria were changed from the 30 September 1997 onwards

to include only those patients with moderate to severe hemiparesis of the arm and leg

(MRC motor grade <3).

Patients were excluded from the study if:

• they had a subarachnoid haemorrhage

• they could not have physiological monitoring until more than seven days after

stroke onset

• further investigation later showed that the patient did not have a stroke

• they were very uncooperative during the observation period making it difficult to

obtain reliable physiological data

• they, or their relatives, refused consent to participate (section 5.2.6)

5.2.2 Identification ofeligiblepatients

The following steps were taken to see patients as early as possible after admission to

hospital with suspected stroke:

• Daily discussion with the research registrar responsible for the Lothian Stroke

Register (LSR) (section 5.2.3).
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• Radiographers, physiotherapists and speech and language therapists (particularly

those with an interest in stroke) were asked to refer any patient whom they

considered to have an acute stroke.

• Daily inspection of the acute medical receiving ward admission book.

• Daily discussion with the nursing and/or medical staff on wards most likely to

receive acute stroke admissions: the stroke unit, two medical receiving wards,

geriatric assessment unit, medical neurology and neurosurgery wards.

5.2.3 Lothian Stroke Register

All the patients' demographic data were collected separately by the responsible

registrar for the LSR. The LSR is a hospital based record of all strokes (both

inpatients and outpatients, first and recurrent strokes) seen at the Western General

Hospital in Edinburgh since 1990. A physician (registrar or consultant) with an

interest in stroke prospectively registers all patients as soon as possible after

admission. The assessing physician collects baseline data such as personal and

admission details, patient history, treatment, general and neurological examination

and investigations (Appendix 6). Each patient seen is then discussed at a weekly

interdisciplinary meeting where a consensus, based on both clinical and radiological

features, is reached on whether the patient had stroke or not and if so what type.

Stroke is defined according to the WHO definition (section 1.2) (World Health

Organisation 1998) and stroke subtypes are identified according to the Oxford

Community Stroke Project clinical classification system (Bamford et al. 1991). All

stroke patients, classified as having a "possible", "probable" or "definite stroke, are
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entered in the LSR. All data entered into the LSR are doubled punched and checked

regularly to minimise missing or inaccurate data.

Patients entered in the LSR are followed up at six months, one and two years to

assess functional outcome according to the Oxford Handicap Scale (OHS) (Bamford

et al. 1989). The OHS is a modified version of the Rankin disability scale and uses a

seven-point scale to describe the patients' level of physical handicap (Rankin 1957):

0 = No symptoms

1 = Minor symptoms that do not interfere with lifestyle.

2 = Minor handicap; symptoms that lead to some restriction of lifestyle but do not

interfere with the patient's capacity to look after himself.

3 = Moderate handicap; symptoms that significantly restrict lifestyle and prevent

totally independent existence.

4 = Moderately severe handicap; symptoms that clearly prevent independent

existence though not needing constant attention.

5 = Severe handicap; totally dependent patient requiring constant attention night and

day.

6 = Dead
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The OHS has been used to divide patients into independent (OHS 0-2) and dependent

on others (OHS 3-5) in the activities of daily living.

5.2.4 Sample size

Power calculations were performed to ensure that this study was of a sufficient size

to detect the smallest clinically worthwhile difference in both Sa02 and BP in stroke

patients (see below) (Campbell et al. 1995). In other words, if a change in position

induced a real change in Sa02 or BP, the sample should be big enough to identify

this, as follows:

Arterial oxygen saturation

Power calculations were performed to ensure that the study included a sufficient

number of stroke patients to detect the smallest clinically important difference in

Sa02. In a preliminary phase of the study, the minimum absolute difference in SaC>2

that was detectable between positions with non-invasive monitoring equipment and

not simply attributable to machine variability, and considered to be clinically

relevant was 3%. The standard deviation between repeated mean SaC>2 values for

pairs of readings per patient without change in position was also 3%. Therefore, to

detect a real difference of 3% saturation between positions with a power of 0.95 at

the 5% significance level required at least 30 subjects in each position.
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Blood Pressure

In a preliminary phase of the study, the standard deviation, between repeated systolic

BP values for pairs of readings per patient between positions, was 17mmHg.

Postural hypotension has been defined as a decrease in systolic BP of 20mmHg or

more after eating (Memmer 1988). Therefore, to detect a real difference of 20mmHg

after positioning with a power of 95% at the 5% significance level required at least

20 subjects in each group.

5.2.5 Ethics

The Lothian Health Board Medicine/Clinical Oncology Ethics Sub-committee

approved this study on 3ld of June 1993 for five years. This study was part of a

number of projects that looked at different aspects of diagnosis, management and

treatment of acute stroke undertaken at the Department of Clinical Neurosciences

under the direction of Professor Charles Warlow between 1994-1999. Prior to the

main phase of the study (i.e. in 1994-96) substantial pilot work was undertaken to

develop skills in monitoring of these difficult patients, as well as to identify optimal

ways of obtaining reliable physiological data using non-invasive the monitoring

equipment. This was estimated prior to the start of the present study. Data collection

of the main phase of the study commenced in 1996 and was completed in 1998.

Thus, the study was completed within the 5-year period approved by the Ethics

committee.
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5.2.6 Consent

If able, verbal consent from the patient was obtained and witnessed by a member of

staff on the patient's ward. If patients were unable to communicate (receptive

dysphasia, impaired consciousness, cognitive impairment), then 'ascent' from the

patients relatives was obtained following discussion with ward staff.

Patient comfort was a priority at all times. Thus the patient could interrupt or refuse

participation in the study at any time. Patient agreement to participate in the study

and the fact that monitoring had actually occurred were recorded in their medical

notes.

5.2.7 Control subjects

A group of young healthy subjects with no known medical problems were recruited

to investigate the hydrostatic effects of measuring Sa02 and BP when lying on one

side and then the other. All subjects worked in the Department of Clinical

Neurosciences in the Western General Hospital.

5.2.8 Equipment andphysiological measurement

A Kontron instruments machine was used to take physiological measurements non-

invasively (section 4.4.1). All measurements and operating problems are displayed

on the Kontron 7250 colour bedside monitor (Figure 4.3). The monitor is connected

to a "stack" which contains slots for the insertion of various devices (Figure 4.3).

Thus, the Kontron instrument can be used to measure non-invasive blood pressure,
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heart rate, blood oxygen saturation, temperature, ECG and respiratory rate.

However, only the blood pressure, arterial oxygen saturation and heart rate

components were measured in this study.

All measurements were made from the upper limbs, SaC>2 and heart rate from one

side and BP from the other. The SaCVheart rate sensor was allocated randomly to

either the paretic or non-paretic middle finger by tossing a coin and the BP arm (or

finger) cuffwas always placed on the opposite arm.

5.2.8.1 Arterial oxygen saturation and heart rate measurements

Arterial oxygen saturation and heart rate were measured using the Kontron 7278

pulse oximeter module (section 4.4.1). Arterial oxygen saturation and heart rate

were updated every eight seconds and displayed continually on the Kontron monitor.

Measurements were taken using a "transmissive reflective" (TR) finger sensor which

is designed for long term oxygen saturation monitoring using the Kontron (section

4.4.1). The TR-sensor was chosen instead of the finger clip probe because it is less

liable to movement artefact (section 4.4.1, Appendix 5). The TR-sensor was

attached to the tip of the patients' middle finger (randomised to either the paretic or

non-paretic side, see above) and secured using a Velcro fixation wrap. The fixation

wrap for the patient's finger comes in three sizes: 10 cm, 13 cm or 16 cm (for

patients with different widths of fingers). Before recording commenced it was

checked to see that the sensor did not move easily.
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Non-invasive blood pressure (NIBP) was measured using the Kontron 7282 (adult)

module attached to an arm cuff. The Kontron 7283 module attached to a finger cuff

was used if the arm cuff did not fit around the patient's arm according to the AHS

guidelines or if the patient found the arm cuff too uncomfortable (section 4.3.3)

(Kirkendale et al. 1981). Both of these Kontron NIBP modules use the oscillometric

method to measure BP (section 4.2.3). Systolic pressure was defined as the point

when the oscillations in pressure detected by the arm (or finger) cuff begin to

increase in amplitude. Mean pressure is when the amplitude of the oscillations has

reached a maximum and the diastolic pressure is the point when the oscillations stop

decreasing in amplitude. The Kontron BP module was also able to measure heart

rate, which was compared with the pulse oximetry readings in order to check their

accuracy. All these parameters, together with the time the BP measurement was

made were displayed on the Kontron monitor.

The adult version of the NIBP module was set to inflate automatically every five

minutes. Arm cuff inflation and deflation usually took 10-15 seconds each. Two

arm cuff sizes were available (standard and large). The size of the arm cuff was

selected so that the length of the bladder inside the arm cuffwas twice the width and

was able to circle at least 80% of the arm (fulfilling the AHS guidelines, section

4.3.3) (Kirkendale et al. 1981). All clothing was removed from around the patients'

arm before the arm cuff was attached. The cuff was then wrapped around the

patients' upper arm (on the opposite side to the pulse oximeter sensor) and the
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bladder was placed over the brachial artery and secured in place with a Velcro

fastening.

The finger cuff was of three sizes, small, medium or large. The cuff was wrapped

around the patient's finger so that the cuff covered the second phalanx without

straddling the interphalangeal joints with at least 50% overlap. The finger cuff was

fastened and held in place with Velcro.

5.2.8.3 Data Collection

Data collected from the Kontron were directed, after analogue to digital conversion if

necessary, via serial links to a microcomputer (IBM PS/2 model) (Figure 5.1). This

'Monitor/Browser' software was designed in-house to measure physiological data

(both invasively and non-invasively) in head injured patients nursed in the intensive

care unit (Howells et al. 1997). This system can monitor minute-by-minute data of at

least 14 physiological variables simultaneously (Signorini et al. 1996). The data

collection programme first requires an unique patient code to be assigned. Timing

information is then obtained in terms of start time, stop time and sampling rate. The

main menu provides options for text comments that can be entered and logged into

the computer system at any time, thus permitting precise annotation of significant

events (Signorini et al, 1997) (Figure 5.2). For each channel sampled, any values

that fall outside normal physiological limits, are highlighted in different colours and

in bold face type by the system. The three ranges of increasingly abnormal

physiological values are based on the Edinburgh University secondary insult grades
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for head injured patients (Jones et al. 1994) (Table 5.1). The data collected on each

patient were stored in the internal memory buffer of the microcomputer and on disk.

5.2.9 Intervention

Measurements were taken in positions, the order of which was determined by

random allocation using random numbers generated by a computer:

l=sitting in a chair

2=sitting propped up in bed

3=lying supine (flat on back)

4=lying on the paretic side

5=lying on the non-paretic side.

The propped-up in bed position was defined as sitting the patients at approximately a

70° angle to the horizontal position in bed, but the actual angle was not formally

measured. When lying in horizontal positions, the patient was allowed one pillow

under their head.

5.2.10 Procedure

All patients were studied two hours after meals to reduce the effects of food

ingestion on both SaC>2 and blood pressure measurements (see Chapter two). The

investigation took place at the patients' bedside on the admitting ward. The pulse

oximeter sensor was randomly allocated to either the paretic or non-paretic middle

finger by tossing a coin and the patient was instructed to keep their hand as still as
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possible. However, random allocation of the sensor was not always possible,

particularly in those patients who were confused and/or agitated, therefore in such

cases the sensor was placed on the paretic hand as this provided the greatest chance

of reliable recordings. The BP arm (or finger) cuff was always placed on the

opposite arm from the pulse oximeter sensor. Before the study commenced, SaC>2

was allowed to equilibrate for a minimum of five minutes and one blood pressure

reading was taken to check if the patient found the cuff comfortable.

The order of the patient positions was randomly allocated using a random number

system generated by the computer. However, in the real-life situation random

allocation of the positions was not always possible and in that circumstance patients

were then put in the most appropriate starting position at that time and subsequent

positions were randomly allocated. For example, if the patient handling equipment,

such as the hoist to get the patient out of bed was already in use, or the ward staff had

their own specific positioning programme, or the patient refused or was unable to go

in to a particular position then the order of the positions had to be modified

accordingly. The patient's position was altered by a minimum of two nurses (either

trained or untrained) using the sliding mats and/or the hoist as per the hospital's

policy on lifting and handling of patients (Appendix 7). Positioning charts were also

put above the patient's bed by the physiotherapists to help guide the nurses on how

best to position the patients (Appendix 2).

Each position was maintained for a minimum of 10 minutes, during which SaC>2 and

heart rate were measured continually and three BP readings were taken automatically

at five minute intervals (0, 5 and 10 minutes in each position). Monitoring was
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interrupted while patients were being handled to prevent the collection of invalid

readings. Patients were observed throughout the study so that reasons for any

discrepancies in the collected data could be identified, for example patient

restlessness, electrical faults, detachment of the pulse oximeter probe etc.

5.2.11 Data Management

The files were screened and cleaned manually for invalid readings flagged as such

during the data collection system (Figure 5.2). The recorded comments were used as

a guide for removing the invalid values, as well as for identifying when the patient's

posture was altered. These data were then transferred to Dbase IV (dbf) file, which

was used to calculate:

• mean SaC>2 and heart rate over the whole observation period

• mean SaC>2 and heart rate values for the first 11 minutes in each position

• the time spent at SaC>2 of 90% saturation or below

• the mean of the three blood pressures taken in each position.

This database was then merged with patients' baseline demographic data from the

LSR and data collected from patients' medical notes at the time of the study (see

Appendix 6).
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5.2.12 Statistical techniques

All data analyses were performed using the SPSS for Windows program (version

7.5.1, SPSS Inc. 1996).

Nominal data are presented as absolute numbers with percentages. Where

appropriate, the Chi-square and p-values or odds ratios with 95% confidence

intervals were calculated for dichotomised variables.

Histograms were plotted to see whether the data were normally distributed. If there

was any doubt surrounding the shape of the histogram, the Kolmogorov-Smirnov test

ofnormality was performed. If normal, the continuous data were presented using the

mean, standard error of the mean (SE), and the range. Univariate statistical

comparisons of paired and unpaired data were made using Student's t-tests and

analyses of variance (ANOVA). The 95% confidence intervals for the differences in

mean SaC>2, BP and heart rate within and between cohorts were also calculated. If

the data did not conform to a normal distribution or could not be easily transformed,

continuous data were displayed as the median, inter-quartile range (IQR) and range.

The data were then analysed using equivalent non-parametric tests for paired

(Wilcoxon and Friedman ANOVA tests) and unpaired (Mann Whitney and Kruskal-

Wallis tests) data. Statistical significance was taken at the 5% level (p<0.05).

Single variable regression analysis was used to examine possible relationships

between mean saturation and age. A single regression is when a single dependent

variable (mean Sa02) is entered into a regression with other independent variable.

The R squared tells us how much variance in the dependent variable is explained by,
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or shared, with the independent variable (the higher this number the stronger the

relationship). The Beta value (sign positive or negative) illustrates the direction of

the relationship.

5.2.13 Statistical Comparisons

Differences in mean SaC>2, BP and heart rate were calculated in relation to:

• age

• sex

• position of the BP cuff and pulse oximeter sensor (paretic arm versus non-paretic

arm)

• the side of hemiparesis (left or right)

• the severity (mild, moderate or severe) of the motor deficit

The number of subjects who had clinically relevant change in:

• SaC>2 of 3% or more

• SaC>2 of 90% or less (i.e. duration that the patient was considered clinically

hypoxic)
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• Systolic BP ofmore than 20mmHg

were also collected.

5.3 Results

During the study period a total of 141 patients were seen. Seven patients were

excluded because they did not meet the inclusion criteria, either because their

symptoms resolved within twenty-four hours (n=3) or they were observed seven days

after stroke onset (n=4). One included patient was studied nine days after the

original event because he had clearly had an extension of his stroke on that day. A

further five patients were excluded because they were uncooperative during the

observation period making it impossible to obtain reliable Sa02 and BP

measurements. Therefore, a total of 129/141 (91%) stroke patients were included in

the analyses.

5.3.1 Characteristics of the includedpatients

i) Baseline patient assessment included demographic data and functional status prior

to the stroke (Table 5.2). There were equal numbers of men (mean age=71 years,

range 22-94) and women (mean age=72 years, range 24-94). Most patients (n=97,

75%) were independent prior to the stroke.

ii) The patients'past medical history (Table 5.3) revealed that 29 (22%) patients had

suffered a previous stroke, 15 with residual disability, in five of whom the new

deficit was on the opposite side of the body. The most prevalent stroke risk factor
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was hypertension affecting 40% (n=51) of the sample. However, only 42/51 (82%)

of these patients were receiving antihypertensive medication prior to hospital

admission. Almost a third of the patients (n=37, 29%) had peripheral vascular

disease. There were equal numbers of male and female current smokers (17% versus

18%), but there were significantly more male than female ex-smokers (48% versus

22%) and alcohol consumers (23% versus 3%) (both p<0.01, Chi-square).

Conversely, there were slightly more female than male patients that had atrial

fibrillation (23% versus 11%) and a known prior malignancy (15% versus 6%), but

these differences were not statistically significant.

Hi) History of the stroke (Table 5.4). Of the stroke subtypes 45 (35%) had a large

cortical stroke (total anterior circulation syndrome), 47 (36%) had small to medium

cortical strokes (partial anterior circulation syndrome, PACS), 29 (23%) had strokes

confined to the territory of the deep perforating arteries (lacunar syndrome, LACS),

and six (5%) had stroke associated with the vertebrobasilar arterial territory

(posterior circulation syndrome, POCS). Of the 128 patients who had a CT or MRI,

112 (88%) patients had an infarct and 16 (12%) had an intra-cerebral haemorrhage.

There were almost equal numbers of patients with right (n=66, 51%) and left (n=63,

49%) motor deficits. Most patients (n=l 10, 85%) had loss of power to both an arm

and a leg on one side of the body and 64 (50%) had a severe motor deficit. At the

time of the medical examination by the physician responsible for the LSR 60 (47%)

patients were unable to sit independently, 62 (48%) had abnormal swallowing, 68

(48%) had dysarthria and 57 (44%) were drowsy. At the time of the study 31 (24%)

patients had an irregular pulse and 27 (21%) were anaemic. Twenty-six (20%)

patients had breathing problems, nine of which were receiving supplementary
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oxygen either via nasal prongs or an oxygen mask at the time of the study. Of the

nine patients on oxygen therapy, seven had severe, one had moderate and the other

had mild motor deficits. There were more male patients with breathing problems

(n=16/26, 61%) and on supplementary oxygen (n=7/9, 78%) than female patients

(10/26, 38% and 2/9, 22% respectively, both p>0.05, Chi-square). Also, slightly

more patients with a right hemiparesis 16/66 (24%) had breathing problems (e.g.

pneumonia, asthma and chronic lung diseases) than those with a left hemiparesis

10/63 (16%), but this difference was not statistically significant. There were

approximately equal numbers of male and female stroke patients for all other stroke

characteristics.

iv) BP on admission to hospital was recorded in 124 (96%) of the included patients

(Table 5.5). The majority of patients had an admission systolic BP greater than

160mmHg and a diastolic BP greater than 90mmHg (Mean BP=167/94mmHg).

Male patients (n=59) had a higher mean systolic and diastolic BP than the female

patients (n=65), but this was not statistically significant. Patients who had a history

of hypertension had a significantly higher mean systolic BP (180mmHg, SE 4 versus

160mmHg, SE 3, p=0.001, unpaired t-test) and diastolic BP (99mmHg, SE 3 versus

91mmHg, SE 2, p=0.04, unpaired t-test) on admission than those without. Patients

who had an intra-cerebral haemorrhage had a significantly higher systolic BP, but not

diastolic BP, than those with an infarct (187mmHg, SE 7 versus 165mmHg, SE 3,

p=0.019, unpaired t-test).

Of the 42 patients on antihypertensive medication prior to admission, 15 had it

stopped on hospital admission, five of whom were unable to swallow. Two patients
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not previously on antihypertensive medication had it started on admission to hospital.

Of the 29 patients on antihypertensives at the time of the study, 10 were on Beta

Blockers (side effects include peripheral vasoconstriction which may impair the

Sa02 or BP recordings), whereas the remaining 19 were on drugs given for other

indications but with known antihypertensive properties (e.g. angiotensin converting

enzyme inhibitors, thiazide diuretics and calcium antagonists which do not cause

peripheral vasoconstriction) (Table 5.5).

v) The admitting physician used their clinical judgement to predict outcome at one

year after the stroke using the OHS (Bamford et al. 1989). Seventy-three (57%) of

the included patients were predicted to have significant restrictions to their lifestyle

(OHS 3-5) and 14 (11%) to be dead (OHS 6). However, data collected for the LSR

revealed that 38 (29%) patients had actually died within six month of their stroke, i.e.

the admitting physicians significantly underestimated the number of patients who

died (p=0.002, Fisher's exact test). There were no significant differences between

male and female patients according to their outcome six months after the stroke: 8

(13%) males and 10 (15%) females were independent (OHS 0-2); 34 (53%) males

and 32 (49%) females were dependent (OHS3-5), and 18 (28%) males and 20 (31%)

females were dead. Six month outcome data were unavailable for the remaining

seven (four male and three female) patients either because they lived abroad (n=2) or

they had not been included in the LSR for follow-up (n=5).

vi) In order to assess the generalisibity of the study sample, the patients' stroke

characteristics were compared with all stroke patients entered into the LSR who met

the eligibility criteria during the study period. During this time a total of 457 patients
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were admitted to hospital with either a probable, possible or definite stroke. Of

these, 132 did not have any motor deficits and 22 were registered more than seven

days from stroke onset. Therefore, 129 (43%) of the 300 eligible patients were

included in the positioning study. The single most important reason why stroke

patients entered into the LSR within the study period were not included in the

positioning study was that they had a mild motor deficit (n=98/171, 57%) (see Table

5.6). Conversely, the study sample included significantly more patients who were

registered in the LSR as having a "definite stroke", particularly a TACS, and

moderate or severe motor deficits (MRC motor grade <3) (Figure 5.3). Also more

patients in the study sample were predicted to be dependent one year after the stroke

(Figure 5.3). Thus, the study sample was representative of the amended inclusion

criteria, i.e. the study included mostly those stroke patients with moderate to severe

hemiplegia who required help with repositioning.

5.3.2 Delays between stroke onset and admission/assessment by stroke

physician/study day

i) The median delay from stroke onset to hospital admission was five hours (range

0.5-131 hours). Ninety (70%) patients were admitted to hospital on the same day as

their stroke; 17 (13%) within the first two days and 13 (10%) were admitted more

than two days after the stroke. Nine (7%) patients had their stroke after admission to

hospital. One of these patients was admitted for investigation of frequent TIAs and

the other eight were admitted for non-cerebrovascular reasons (gastrointestinal n=5,

cardiac n=l, urology n=l, and metabolic n=l).
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ii) All patients were examined immediately upon admission by an attending general

medical physician, but the median delay from hospital admission to examination by

the stroke physician was 48 hours (range 5-291 hours): 49 (40%) patients were

examined within 24 hours, 68 (53%) within 48 hours, and the rest were examined

within seven days of hospital admission. It is important to note that all patients were

included and examined in the positioning study within 168 hours of stroke onset,

regardless of whether they had been observed by the physician responsible for the

LSR by that time or not.

Hi) The median delay between stroke onset and the study day was 72 hours (range 0-

7 days): 21 (16%) patients were seen within 24 hours, 47 (36%) were seen within 48

hours, and 72 (60%) were seen within 72 hours of stroke onset, the rest between

three and seven days.

5.3.3 The number ofpatients recorded in each of the fivepositions

During the study, patients were only put into those positions they were "deemed"

able to do by the ward staff (Table 5.7). Half (n=65, 50%) the sample were able to

sit in a chair at the time of the study, whereas the remaining 64 patients were deemed

to be too ill to get out of bed. Of the 65 patients able to sit in a chair, four did not

have recordings taken in all five positions (Table 5.7). Reasons included: refusal

(n=l); co-morbid disease (i.e. rheumatoid arthritis, n=l); and computer failure (n=2).

Forty-two (32%) patients were able to sit propped-up in bed but were unable to sit in

a chair (Table 5.7). Six of these did not have recordings taken in all four bed

positions either because they refused (n=3) or they had co-morbid disease/problems
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(i.e. risk of aspirating in supine position, n=2; painful left side, n=l) that prevented

them lying in that particular position.

The remaining 22 (17%) patients were too drowsy and considered unsafe by the

physiotherapists and/or nurses to sit propped-up in bed. Nineteen of these patients

were able to do all three horizontal positions (supine and side to side) (Table 5.7).

The other three patients were considered to be at risk of aspirating in the supine

position.

Not surprisingly, the length of the observation period depended on the number of

positions the patient was able to do (Table 5.7). In 125 patients recording was

complete within two hours. In the remaining four patients the length of the

observation period exceeded two hours either because: recording was interrupted by

the physiotherapist (n=2); nausea (n=l); or the nurses were unavailable to reposition

the patient (n=l).

5.3.4 Baseline clinical features in the patients able to sit in a chair compared with

those who could not

Patients able to sit in a chair were compared with those unable to get out of bed (see

Table 5.8). Patients able to sit in a chair were marginally younger (median=73, range

22-93) than those unable to get out of bed (median=76, range 24-94) (p=0.2, Mann-

Whitney). The delay between stroke onset and the study day was significantly

longer for patients able to sit in a chair (median delay 86 hours, range 24-168 hours)

than for those who were unable to get out of bed (median delay 72 hours, range 0.5-

168 hours) (p=0.021, Mann-Whitney). Significantly more patients unable to get out
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of bed than those who could had: a severe motor deficit (MRC motor grade <2); a

large stroke (TACS); drowsiness on admission to hospital; abnormal swallowing;

and be dead or dependent one year after the event (Table 5.8). Only a small number

of stroke patients able to sit in a chair (n=3) and those who could not (n=6) required

oxygen therapy during the study (Table 5.8).

5.3.5 Physiological recordings

All 129 patients had Sa02 and heart rate measured using the finger sensor attached to

the pulse oximeter (Table 5.9). In order to reduce movement artefact, slightly more

patients had the sensor situated on the middle finger of the paretic side (n=78, 60%)

than on the non-paretic side (n=51, 40%). Similar numbers of male (n=37, 58%) and

female (n=41, 63%) patients had the sensor situated on the paretic arm.

The majority of patients (123, 95%) had BP measured using the arm cuff, of whom

48 (37%) had the blood pressure cuff placed on their paretic arm (Table 5.9). Six

patients refused to have blood pressure measured using the arm cuff because it

caused them considerable discomfort. Three of these patients agreed to have their

BP measured using the finger cuff, whereas the remaining three refused to have any

BP recordings taken at all (Table 5.9).

5.3.6 Postural changes in physiological variables

As not all patients were able to do all of five positions (see Table 5.7), the first

statistical comparisons were made between positions that the majority of patients

were able to do i.e. the side lying positions (n=127, 96%). Secondly, because
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patients who were able to sit in a chair were significantly different to those who

could not (see Table 5.8), the data were divided into three categories related to what

positions they were able to do:

• sit in a chair (n=65)

• sit propped up in bed, but unable to sit in a chair (n=42)

• lie horizontally only (n=22).

Each of the physiological variables (Sa02, BP and heart rate) were analysed

separately.

5.3.7 Postural changes in arterial oxygen saturation

5.3.7.1 Arterial oxygen saturation in side lying positions

Of the 129 included patients, 127 were able to lie in both side lying positions (Table

5.7). The mean Sa02 in both side lying positions conformed to a normal distribution,

therefore the data were analysed using parametric statistical tests (t-tests, ANOVA).

In the 127 patients, the overall mean Sa02 was 95.27% (SE 0.17, range 89.5-97.8%).

This remained virtually unchanged when the patients who were on oxygen therapy

(n=9) or Beta Blockers (n=10) were removed.
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i) Differences in Sa02 according to age. Single variable linear regression analysis

was performed to determine whether age was an independent predictor of Sa02.

There was a statistically significant negative association between age and SaCE

(Beta=-0.03, SE=0.11, p=0.003), i.e. for every additional year older there was a

decrease in SaCE of 0.03%. However, the strength of this association was weak

because age only accounted for 6% of the variance in SaCE in the population (Figure

5.4)

ii) Differences in Sa02 according to sex. Male patients (n=64) had a lower mean

SaCE than female patients (n=63) in both side lying positions (Table 5.10). The

mean difference in SaCE lying on either side between male and female patients was

small but statistically significant (mean difference in absolute SaCE=0.73%, SE 0.33,

95% CI 0.08, 1.3, p=0.028, unpaired t-test), regardless of whether they were on

oxygen therapy or not.

Hi) Differences in SaC>2 according to the severity of the motor deficit. Patients with

a mild motor deficit had a higher mean Sa02 (n=34, 95.91%, SE 0.27) than patients

with moderate (n=31, 95.02%, SE 0.35) or severe (n=62, 95.04%, SE 0.24) motor

deficits, but these differences were not statistically significant (Table 5.10).

However, if the nine patients on oxygen therapy: (mild, n=l; moderate, n=l; and

severe, n=7) were removed from the analyses the difference in mean SaCE between

the three groups became statistically significant (p=0.03, one-way ANOVA).

iv) Differences in SaC>2 according to the side of the hemiparesis. Lying on the left

side, regardless of the side of hemiparesis gave a lower mean SaCE than lying on the
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right side (Figure 5.5). Patients with a right hemiparesis (n=65) had a significantly

lower SaC>2 when lying on their left (non paretic) side: mean difference in absolute

Sa02 between lying on the left and right sides=0.85%, SE 0.23, 95% CI 0.38,1.31%,

p=0.001, paired t-test. In patients with a left hemiparesis (n=62), mean SaC>2 was

also lower when lying on their left (paretic) side, but this was not significantly

different from lying on their right (non-paretic) side: mean difference in absolute

SaC>2 between lying on left and right sides=0.15%, SE 0.28, 95% CI -0.71,0.41%,

p=0.59 paired t-test (Table 5.10).

v) Differences in SC1O2 according to the position of the Sa02 sensor. Mean SaC>2

was higher when patients were lying on the same side as the SaC>2 sensor (Table

5.10). Patients who had the sensor situated on the paretic hand (n=77) had a

significantly higher mean Sa02 lying on the paretic side compared to the non-paretic

side (mean difference in absolute SaC>2=0.74%, SE=0.21, 95%CI 0.31, 1.16%,

p=0.001, paired t-test). Although, patients who had the sensor situated on the non-

paretic hand had a higher SaC>2 lying on the non-paretic side compared to the paretic

side, this difference was not statistically significant (mean difference in absolute

SaO2=0.22%, SE=0.32, 95% CI -0.88, 0.44%, p-0.49, paired t-test) (see Table 5.10).

Lying on the paretic side versus lying on the non paretic side

A mixed within and between subjects factorial ANOVA was performed on the entire

sample able to lie on both sides (n=127) to investigate if there were any significant

differences in mean Sa02 between lying on the paretic side compared to the non-

paretic side. This ANOVA model was also used to detect whether mean Sa02 when
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lying on either side (within subject factors) interacted with any of the significant

between subject factors (sex, the position of the Sa02 sensor, severity and the side of

the hemiparesis). It was valid to use this ANOVA model because there was

homogeneity of covariance both within and between subject factors.

The ANOVA confirmed the patterns that were discernible in Table 5.10. There were

no significant main effects, i.e. lying on the non-paretic side gave a similar mean

Sa02 (mean Sa02 estimated using the ANOVA model=95.3%, SE 0.22) to lying on

the paretic side (mean=94.47, SE 0.24). There were however significant interaction

effects. As already mentioned above, lying on the left side gave a significantly lower

mean Sa02, regardless of the side of hemiparesis (interaction effect, F=8.63,

p=0.004, ANOVA). However, when the severity of the motor deficit was taken into

consideration, the size of this interaction effect was reduced (F=4.002, p=0.021,

ANOVA). Mean Sa02 in patients with a mild (n=34) or moderate (n=31) motor

deficits was lower when lying on the left side, whereas patients with severe (n=62)

motor deficits had a similar mean Sa02 in both side lying positions, regardless of the

side of hemparesis.

The ANOVA model also highlighted the significant interaction between side lying

and the position of the Sa02 sensor (F=7.9, p=0.006, ANOVA). However, when the

side of the hemiparesis was taken into consideration, this interaction only occurred in

patients with a left hemiparesis (F=5.37, p=0.022, ANOVA). Patients with a right

hemiparesis had a higher mean Sa02 when the sensor was situated on the paretic

hand (n=40) compared to the non-paretic hand (n=25). Despite this, lying on the left

(non-paretic) side still gave the lowest Sa02, regardless of the position of the sensor.
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Change of SaO? of 3% saturation or more on moving between sides

A mean difference on moving from lying on one side to the other of less than 1%

saturation for the entire group was not considered clinically significant. However,

there was a subgroup of 14 patients (14/127, 11%) who underwent a 3% or greater

change in SaC>2 when moving from one side to the other (Table 5.11). There were

equal numbers of male (mean age 71 years, range 52-82) and female (mean age 63

years, range 33-82) patients who had falls in Sa02 of 3% or more. Nine patients had

a large cortical stroke (TACS), three had a PACS and the other two patients had a

LACS. The majority of these patients either had severe (n=8) or moderate motor

deficits (n=4). At the time of the study: three patients were current smokers, three

were on oxygen therapy and four had anaemia (haemoglobin < 12).

Nine of these fourteen patients had a left hemiparesis, ofwhich five had falls in mean

SaC>2 when lying on their paretic (left) side compared to their non-paretic side (range

of falls in SaC>2 3-6.5%). Three of these patients had breathing problems; two had

pneumonia of the left lung and one patient had respiratory failure and was on

supplementary oxygen therapy. The other four patients with a left hemiparesis had

falls in mean SaC>2 when lying on their right (non-paretic) side. One of these patients

was a young women (38 years old) with mild motor deficits, however she had a large

cortical infarct (TACI) and breathing problems. The remaining five patients all had a

right hemiparesis and had a decrease in mean Sa02 when lying on their left (non-

paretic) side from the right (paretic) side (range of falls in Sa02 3-8%). All of these

patients had either moderate (n=2) or severe (n=3) motor deficits and four out of the
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five had breathing problems. There were no patients with a right hemiparesis who

had large falls in mean SaC>2 when lying to the right (paretic) side from the left side.

The odds of patients having breathing problems and falls in mean SaC>2 on lying on

one side to the other of 3% or more (n=8/14, 57%) was 7.53 (95% CI 2.3, 24.41)

times that of patients without falls in mean SaC>2 of 3% or more (n=17/113, 15%)

(Table 5.12). The confidence intervals were wide because the number of patients

with large falls in mean SaC>2 was small (n=14).

Differences in SaO? between stroke patients and young healthy control subjects lying

on the left side compared to the right side

A control group of 12 young healthy subjects were recruited to further investigate the

differences in mean Sa02 when lying on the left side compared to the right side. The

mean age of the group was 34 years (range 22-45 years) and five (42%) of the

subjects were male. Five of the subjects had the SaC>2 sensor on the right hand and

seven had it on the left hand. Mean SaC>2 lying in both the right and left sides did not

conform to a normal distribution therefore, non-parametric statistics were performed.

It is important to note that the sample size was smaller than that estimated by the

sample size calculations (see section 5.2.4), therefore it is unlikely that even

clinically important differences would give statistically significant results (Type II

error). However, the aim of including this control group was to compare the

magnitude of fall in SaC>2 on lying on the left side compared to the right side with the

stroke patient data.
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Mean SaC>2 when lying on either side was statistically higher in the control subjects

(median 98.2%, range 91.7-99.8%) than acute stroke patients (median 95.2%, range

89.5-97.8%) (p <0.001, Wilcoxon). Mean SaC>2 was higher in the five young healthy

subjects who had the SaC>2 sensor situated on the right hand (median 99.0%, range

97.9-99.8%) than those with the sensor on the left hand (n=7, median 96.9%, range

91.8-99.3%), but this difference was not statistically significant (p=0.073, Mann-

Whitney). Like acute stroke patients, young healthy control subjects had a

significantly lower SaC>2 lying on the left (median 97.8%, range 93.4-99.7) than on

the right side (median 98.8, range 90.1-99.9) (p=0.045, Wilcoxon), regardless of the

position of the SaC>2 sensor. An unrelated analysis of variance (Kruskal Wallis)

showed that there were no significant differences in the magnitude of fall in SaC>2 on

lying on the left from the right side between control subjects (median fall in absolute

SaC>2 0.4%, IQR 1.1, range 3.3 to -3.1%) and acute stroke patients with a right

(median fall in absolute SaC>2 0.6%, IQR 1.35, range 2.6 to -8.0%) or left

hemiparesis (median fall in absolute SaC>2 0.1%, IQR 2.82, range 5.2 to -6.5%)

(Figure 5.6). Two (16%) of the young control subjects experienced changes ofmean

Sa02 of 3% or greater, but not greater than 4% between lying on the left and right

sides.

5.3.7.2 Comparison of arterial oxygen saturation in groups of patients split

according to whether they were able to achieve sitting in a chair, only sitting

propped-up in bed, or only lying in bed.

The 129 patients were divided into: those able to do all five positions; those able to

do all four bed positions; and those only able to lie in bed. Differences in SaC>2
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between the three groups (i.e. those patients who were able to go into the same

positions) were examined independently. This was because patients who could sit in

a chair (n=65) had significantly milder motor deficits compared to those who could

not (n=64) (Table 5.8). Furthermore, patients who could sit in a chair were more

likely to be seen three days after stroke onset, whereas patients who could not sit in a

chair were seen 12 hours earlier than this (see section 5.3.4). In patients who were

able to do the bed positions only (n=64), the data were further divided into those who

could sit propped-up in bed, but not sit in a chair (i.e. could do all four bed positions,

n=42) and those who could lie in horizontal positions only (n=22). This was because

15/22, 68% of the patients who could not sit either in a chair or propped-up in bed

had a Glasgow Coma Scale (GCS) of 13 or under at the time of the study, whereas

those that could sit were more alert (all had a GCS > 14).

The mean SaC>2 within the patient subgroups were not normally distributed, therefore

statistical comparisons between positions were made using non-parametric statistical

tests for paired data (Wilcoxon signed ranks test and the Friedman analysis of

variance).

i) Patients able to able to do all five positions. Sixty-five patients were able to sit in

a chair and do the four bed positions. There were 35 male patients and 30 female

patients with a mean age of 71 years (range 22-93 years). Thirty-seven of these

patients had the SaC>2 sensor situated on the middle finger on the paretic hand. Of

these 65 patients, 61 completed all five of the study positions (see Table 5.7). The

median Sa02 was higher when patients were sitting in a chair compared to any other

position (Table 5.13). Analysis of variance showed that there was a significant
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difference in SaC>2 between positions in stroke patients who could do all five

positions (p=0.006, Friedman related ANOVA). Sitting in a chair gave a statistically

higher SaC>2 (median=96.3%, range 90.9-99.5) than sitting propped-up in bed

(median=95.6%, range 89.5-98.5%, p=0.045, Wilcoxon), lying on the paretic side or

on the non-paretic sides (both, median=95.5%, range 89.7-99.2%, p<0.01, Wilcoxon)

and lying on the left side (median=95.3%, range 89.7-98.8%, p<0.01, Wilcoxon), but

not lying supine or on the right side (Table 5.13).

Twelve of the 65 patients (18%) had a mean decrease in absolute SaC>2 of 3% or

greater when moving from the chair position to any other position (Table 5.14).

These consisted of five female patients (mean age 67 years, range 33-86) who were

on average 10 years younger than the seven male patients (mean age 78 years, range

55-93 years). Three of these patients with severe left hemiparesis, had falls in mean

SaC>2 of 3% or more on moving from the chair position to one or more of the bed

positions. One of these patients with a lacuner infarct had a fall in mean Sa02 from

the chair position to sitting propped-up in bed only. The other two patients with left

hemiparesis had large falls in mean Sa02 lying on their left (paretic) side. One of

these patients (patient ID=194, see Table 5.14) who had a previous stroke with

residual disability on the right side, also had a low mean Sa02 when lying on their

right (non-paretic) side. None of the patients with a left hemiparesis had breathing

problems at the time of the study. Nine of the 12 patients with a right hemiparesis,

two ofwhom had breathing problems at the time of the study, had falls in mean Sa02

of 3% or more on moving from the chair position (Table 5.14). Five of these patients

had a severe, two had a moderate and two had a mild motor deficits. Two patients

had large falls in SaC>2 on moving from sitting in the chair to the propped-up in bed
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position. One of these patients had an absolute Sa02 below 90% saturation (patient

ID=185, see Table 5.14). One patient (ID=199) with a new right hemiparesis, but a

previous stroke affecting their left side, had a fall in mean Sa02 of 3.8% on moving

from sitting in the chair to their right (paretic) side. The remaining six patients all

had falls in mean Sa02 of 3% or more on moving from sitting in the chair to lying on

their left (non-paretic) side. Two of these patients also had falls in mean Sa02 of 3%

or more on moving from the chair to lying on their right (paretic) side. In only one

of these patients (ID=29) did absolute SaC>2 fall below 90% on moving from sitting

in a chair (mean=94.3%) to lying on their left (non-paretic) side (mean=89.7%).

ii) Patients able to do the four bedpositions only. Forty-two patients were unable to

get out of bed, but were able to sit propped-up in bed. Female patients (n=23, 55%)

were older by a median of 3 years compared to that of male patients (n=19, 45%).

Of the 42 patients, 19 (45%) had a right and 23 (55%) had a left hemiparesis. The

majority of these (n=29, 65%) had severe motor deficits.

Of the 42 patients, 36 had Sa02 recorded in all four positions (see Table 5.7). Mean

Sa02 was slightly higher in the propped position than lying supine, on their left side,

and on their paretic and non-paretic sides (Table 5.13). The poorest Sa02 was

recorded when patients were lying on their left side, regardless of the side of

hemiparesis. However, within subjects analyses of variance (Friedman related

ANOVA) showed that there were no statistically significant differences in Sa02

between any of the four bed positions.
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Hi) Patients able to lie in the three horizontalpositions only. Of the 22 subjects able

to lie in horizontal positions in bed only, there were more male (n=T3) that female

(n=9) patients. This group of patients were on average five years older than those

patients who could sit up either in a chair and/or in bed (mean age 76 years, range

37-88 years). There were approximately equal numbers of patients with right (n=12)

and left (n=10) hemiparesis, 15 ofwhom had severe motor deficits. The median Sa02

was very similar in each of the three horizontal positions (Friedman ANOVA, p>0.5)

(Table 5.13).

iv) Differences in mean SaO} between the three subgroups. Patients who were

unable to get out of bed had a lower median SaCb (irrespective ofwhether they could

sit propped-up in bed or not) in all the positions compared to those who could sit in a

chair (Table 5.13). However, these differences were not statistically significant (all

p>0.05, one-way Kruskal Wallis unrelated ANOVA and post-hoc unpaired Mann-

Whitney t-tests).

5.3.7.3 Duration ofperiods ofsignificant desaturation in stroke patients

The majority of patients (104/129, 81%) did not experience periods of significant

desaturation (that is Sa02 of 90% or less) in any of the positions. Of the 25 (19%)

stroke patients who did experience desaturation to below 90%, 11 spent one minute

or less of the entire recording time with Sa02 90% or below, whereas one patient

spent virtually all the time below this level. In only one of these patients did Sa02

fall below 90% for less than one minute immediately after turning. The remaining

thirteen patients (five with a left hemiparesis and eight with a right hemiparesis) had
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posture dependent episodes of desaturation (Table 5.15). Of the 13, four had

episodes of desaturation in more than one of the positions. Overall five patients had

falls in Sa02 to 90% or less when they were in the propped position (range 2 to 11

minutes) and ten had falls when lying in one of the three horizontal positions, e.g.

supine and side lying (range 2 to 6 minutes). Of the ten patients who had falls in

Sa02 when lying horizontal, nine experienced falls when lying on their left side, six

ofwhom had a right hemiparesis.

Breathing problems were more common in those subjects who had posture dependent

periods of Sa02 below 90% for more than one minute (8/13, 62%) than those who

did not (18/116, 16%). The odds of having breathing problems in patients with

significant periods of desaturation was 8.71 (95% CI 2.6, 29.7) times that of those

who did not desaturate (see Table 5.16).

5.3.7.4 Summary ofthe effect ofpositioning on arterial oxygen saturation

• In patients able to sit out of bed, the SaC>2 recorded while sitting in a chair was

higher than any other position.

• Arterial oxygen saturation was lower when stroke patients and young healthy

control subjects were lying on their left side compared to any other position.

• Patients with a right, but not left, hemiparesis had a lower SaC>2 when lying on

their left (non-paretic) side, and this difference was statistically significant.
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• About 10% of patients experienced postural dependent falls of >3% in SaC>2 or to

90% or less saturation. These clinically significant falls in SaC>2 were more

likely to occur when patients were lying on their left side, especially if they had a

right hemiparesis and concomitant chest disease.

• Patients with respiratory problems have an eight times greater risk of

experiencing hypoxaemia (SaC>2 of 90% or below) on moving from one position

to the other, particularly when lying on the left side.

5.3.8 Postural changes in bloodpressure

The majority of patients had BP recorded in each of the five study positions using the

arm cuff: 63/65 (97%) of those able to sit in a chair; 100/105 (95%) of those able to

sit propped-up in bed; 116/119 (97%) of those able to lie supine; and 121/127 (95%)

of those able to lie side to side (Table 5.17). Three patients had BP measured using

the finger cuff: one could sit in a chair, two could sit propped up in bed and lie

supine; and all three could do the side lying positions. Three patients who found the

arm cuff too uncomfortable refused to have any BP recordings taken, but they did

have SaC>2 and heart rate recorded.

The BP data conformed to a normal distribution, therefore parametric analyses were

performed using analysis of variance (ANOVA) and Student's paired and unpaired t-

tests.
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In the 121 patients who had BP measured using the arm cuff, the overall mean

systolic BP was 152mmHg (SE 2.86, range 101 to 232mmHg), and diastolic BP was

80mmHg (SE 1.58, range 53 to 122mmHg) (Table 5.18). Single variable linear

regression showed there was no association between age and diastolic BP. There

was however, a statistically significant positive association between age and systolic

blood pressure (Beta=0.41, SE=0.16, p=0.009), i.e. for every additional year older

there was an increase in systolic BP of 0.4mmHg. It is important to note that the

strength of this association was weak as age only accounted for 5% of the variance in

systolic BP in the entire population (Figure 5.7).

There were no statistically significant differences in systolic, mean and diastolic BP

between lying on the paretic side compared to the non-paretic side (Table 5.18).

Systolic, mean and diastolic BP were lower in patients with mild (n=33) than those

with moderate (n=28) or severe (n=60) motor deficits by approximately 3mmHg to

6mmHg, but these differences were not statistically significant. Systolic, mean and

diastolic BP were very similar in those patients with a right compared to those with a

left hemiparesis. Patients who had their BP recorded from the non-paretic arm had a

higher systolic BP by 4mmHg than those who had their BP recorded from the paretic

arm, but this was not statistically significant. There was however, a highly

significant interaction between side lying and the position of the arm cuff for both

systolic and diastolic BP (interaction effect, F=37.9 and F=43.7 respectively, both

p<0.001, ANOVA). Lying with the cuff down, regardless of whether the patient was

lying on their paretic side or not, gave a significantly higher systolic, mean and
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diastolic BP than when the cuff was uppermost (mean difference in absolute mean

BP was approximately lOmmHg, SE 2.0, all p<0.001, paired t-tests). Young healthy

control subjects also had a similar change in systolic (mean difference in absolute

systolic BP=10.6mmHg, SE 3.6, 95% CI 2.5, 18.7, p<0.01, paired t-test) and

diastolic (mean difference in absolute diastolic BP=16.8mmHg, SE 3.8, 95% CI 8.4,

25.2, p<0.01, paired t-test) BP between lying on the cuff and having the cuff

uppermost to acute stroke patients.

In the three patients who had their BP measured using the finger cuff: two (one had

the cuff on the non-paretic side the other on the paretic side) had a higher systolic BP

when they were lying on the paretic side, whereas one had a higher systolic BP when

lying on the non-paretic side (Table 5.19). All three patients had a higher diastolic

BP when lying on the paretic side.

5.3.8.2 Differences in bloodpressure between sitting in a chair, sitting propped-up

in bed and lying supine

The diastolic BP recorded in the chair, propped-up in bed and supine positions

conformed to a normal distribution, but the systolic BP data had to be transformed

using natural logarithms. The data were analysed using ANOVAs and Student's t-

tests for paired and unpaired data. To take account of the demographic differences,

the patients were split according to the number of positions they were able to do

(Table 5.7). Blood pressure differences between positions were analysed within

three patient groups.

236



Chapter Five

i) Patients able to do all five positions. Of the 65 patients able to sit in a chair BP

was recorded: using the arm cuff in 63 patients; using the finger cuff in one patient;

and not at all in another (Table 5.17). Of the 63 patients who had BP measured using

the arm cuff, 58 had BP taken in all three positions (sitting in a chair, sitting

propped-up in bed, and lying supine). Mean systolic BP was significantly higher by

approximately 4mmHg in the propped-up in bed position than sitting in a chair or

lying supine (p=0.03, within subjects ANOVA) (Table 5.20). This pattern was not

discernible in the one patient who had their BP measured using the finger cuff in all

five positions (Table 5.19). There were no significant differences in mean diastolic

BP between the three positions within this group of patients.

ii) Patients able to do the bed positions only. In the 42 patients able to sit propped-

up in bed, but unable to sit in a chair, 38 had BP recorded using the arm cuff in both

the propped and supine positions. Blood pressure was very similar in both these

positions within this group of patients (Table 5.20). There were no significant

differences in BP in the propped-up in bed position between those patients who were

able to sit in a chair (n=63) and those who could not (n=38).

In the supine position, the 63 patients able to sit in a chair had a lower systolic BP

compared to those patients unable to sit in a chair, but able to sit propped up in bed

(n=42, mean difference in absolute systolic BP=8mmHg, SE 5.91, 95% CI -3.78,

19.68) and those only able do the horizontal positions (n=18, mean difference in

absolute systolic BP=llmmHg, SE 7.23, 95% CI -3.17, 25.62), but these differences

were not statistically significant. Mean diastolic BP in the supine position was
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similar in both those patients able to sit in a chair and those who could not (Table

5.20).

5.3.8.3 Frequency of large changes in bloodpressure (>20 mmHg) on sitting up

The data were not representative of the frequency of orthostatic falls in blood

pressure on rising from horizontal positions after stroke because the positions were

randomly assigned and 22 of the included patients were unable to sit up (in a chair or

propped-up in bed) at the time of the study. There were large differences from one

patient to another in the change in mean BP between the sitting positions (either in a

chair or in bed) and lying supine. Ninety-eight patients had BP recorded using the

arm cuff in both supine and sitting positions: 58 patients had their BP recorded when

sitting in a chair and propped-up in bed; two had their BP measured when only

sitting a chair, and 38 had their BP measured when only sitting propped-up in bed.

Of the 96 patients who had BP recorded in both the supine and propped-up in bed

positions, 6/96 (6%) had a large decrease in systolic BP on moving to the propped-up

in bed position from lying supine. Of those able to sit in a chair, 4/60 (7%) exhibited

a decrease in systolic BP of >20mmHg on moving to the chair position from lying

supine. One patient able to sit in a chair had a similarly large fall in systolic BP

when moving to both sitting positions (either the chair or propped-up in bed) from

lying supine. Only two of the 11 patients who had large falls in systolic BP in

either/or both sitting positions had a history of previous postural hypotension (Table

5.21). Six patients had other possible contributing factors which could have caused

large falls in systolic BP in sitting positions. There were three patients who had a

large falls in mean systolic BP on sitting for which there was no explanation (Table
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5.21). The odds of patients having factors associated with postural hypotension and

falls in mean systolic BP of 20mmHg or more (n=8/l 1, 73%) was 4.36 (95% CI 1.08,

17.62) that of patients without falls in mean systolic BP of 20mmHg or more (33/87,

38%) (see Table 5.22). There were also 14/98 (14%) patients who experienced a

postural elevation of systolic BP on moving from supine positions to sitting

positions. Of the 14 patients, 12 of whom were able to sit in both a chair and

propped-up in bed positions, seven had hypertension and four were on anti¬

hypertensive medication. However, factors associated with sympathetic overactivity,

such as raised urinary and serum catecholamines, were not available for all patients

who took part in this study. Consequently, the association between sympathetic

overactivity and elevations in systolic BP on moving from the supine to sitting

positions was not estimable. None of the 25/98 (26%) patients who experienced

positional falls or elevations in systolic BP of >20mmHg reported any symptoms

such as dizziness, headache or disturbances of consciousness.

5.3.8.4 Summary of the effect ofpositioning on bloodpressure

• There was a significant interaction between side lying and the position of the BP

arm cuff, i.e. lying with the cuff downmost gives a higher average systolic,

diastolic and mean BP by lOmmHg that when the cuff is uppermost.

• About 10% of patients had a clinically significant decrease in average systolic BP

of 20mmHg or more on rising from supine to sitting positions.
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• Patients with factors associated with postural hypotension have a four times

greater risk of experiencing falls in systolic BP of 20mmHg or more on rising

from the supine to sitting positions.

• Conversely, 10% of patients had a clinically significant increase in systolic BP by

20mmHg or more on rising from the supine to sitting positions, that is suggestive

of sympathetic overactivity.

5.3.9 Postural changes in heart rate

5.3.9.1 Heart rate in side lyingpositions

The heart rate data conformed to a normal distribution therefore parametric analyses

were performed. Mean heart rate between lying on the right and left sides in all 127

patients who had heart rate measured in both side lying positions was 70.55bpm (SE

1.67) (Table 5.23). There was no association with between mean age and heart rate.

Mean heart rate was significantly lower by approximately 7bpm in male patients than

in female patients in both side lying positions (p=0.03, unpaired t-test). Mean heart

rate was higher in patients with severe (n=62, mean=76.93bpm, SE 2.26) than those

with moderate (n=31, mean=70.16bpm, SE 3.44) or mild motor deficits (n=34,

mean=64.56bpm, SE 2.87) (p=0.004, one-way ANOVA). Lying on the left side,

regardless of the side of hemiparesis, gave a non-significant lower mean heart rate

(69bpm) than lying on the right side (71bpm). Like SaC>2 the interaction between the

side on which the patient was lying and side of their hemiparesis was highly

significant (p=0.001, ANOVA).
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5.3.9.2 Differences in heart rate between sitting in a chair, sitting propped-up in

bed and lying supine

In those patients able to sit in a chair and do the bed positions (n=65), sitting in a

chair gave higher mean heart rate than any of the bed positions (Table 5.24). Sitting

in a chair gave a statistically higher mean heart rate compared to any of the

horizontal positions (approximate mean difference in heart rate between

positions=2bpm, SE 0.8, range -14 to 23bpm, all p<0.005, paired t-tests). Patients

able to sit in a chair also had a statistically higher mean heart rate in the propped-up

in bed position than lying supine or on the paretic side (approximate mean difference

between positions=1.5bpm, SE 0.6, range -15 to 20bpm, both p<0.05, paired t-tests),

but not compared to lying on the non-paretic side.

In those patients unable to get out of bed, but able sit propped up in bed (n=42) mean

heart rate was approximately 2bpm lower in the propped position compared with

lying supine or on the non-paretic side, but not the paretic side. In the 22 patients

able to lie in horizontal positions only, the mean heart rate was on average 2bpm

lower when lying on the non-paretic side compared to the other two horizontal

positions (supine and lying on the paretic side). These differences in mean heart rate

were not statistically significant probably because of the small sample sizes in each

of these subgroups.

Heart rate during positional decreases in SaO? of 90% or below

In the 13 patients who had positional decreases in SaC>2 to 90% saturation or below,

there was either no change or a concomitant rise in heart rate (Table 5.15). There
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was a higher frequency of patients with an irregular heart rate who had a positional

decreases in SaC>2 to 90% saturation or below (5/13, 38%) than those who did not

(26/129, 20%), however, this difference was not statistically significant.

Heart rate during changes in systolic BP ofmore than 20mmHg

Of the 11 stroke patients who experienced postural falls in systolic BP ofmore than

20mmHg, five had an increase in mean heart rate of more than lObpm (range 10 to

33bpm) on moving from the supine to sitting positions (chair and/or propped-up in

bed). The remaining six patients who had postural hypotension did not experience

any concomitant change in heart rate. All 14 patients who experienced an elevation

in BP of more than 20mmHg on moving from the supine to sitting positions either

had no change or a decrease in heart rate (range -18.4 to 0.4bpm).

5.3.9.3 Summary of the effect ofpositioning on heart rate

• The postural changes in heart rate followed the same discernible patterns of the

mean SaC>2 recordings.

• In the majority of cases of clinically significant postural changes in SaC>2 and BP

there were no concomitant changes in heart rate.

5.3.10 The order in which patients were turned

The random order in which the patients were turned resulted in only small numbers

of patients doing similar sequences of positions. Also less than half the sample (61,

47%) were able to do all five of the study positions (see Table 5.7). Therefore, the
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study was not sufficiently powered to determine the effect of the order of positioning

on SaC>2, BP and heart rate.

5.4 Discussion

This is the largest study so far to measure the effects of postural change on SaC>2, BP

and heart rate in hemiplegic patients admitted to hospital and studied within seven

days of an acute stroke. This study has shown that adverse physiological events do

not occur with changes in posture in the majority of acute stroke patients. However,

the study did identify "real" (statistically significant) differences in physiological

variables with postural change. It also identified a small number of stroke patients

who had episodes of clinically significant postural hypoxaemia and hypotension.

The influence of postural change on each of the physiological variables will be

described in turn:

5.4.1 Arterial oxygen saturation

In this study, the overall mean SaC>2 for the entire sample was 95% and only one

patient had a SaC>2 less than 90% saturation for the entire observation period. The

mean SaC>2 was 5mmHg higher than other studies that have investigated postural

changes in oxygenation in acute stroke patients (Elizabeth et al. 1993;Pang et al.

1988). This may have been because the present study included patients with mild to

moderate motor deficits, whereas previous studies only included patients with severe

hemiplegia (MRC motor grades 0-2) (Elizabeth et al. 1993;Pang et al. 1988).

However, in the present study even the patients with severe hemiparesis, who were

not on oxygen therapy, had a mean SaC>2 between 94% to 95%. Although, the

243



Chapter Five

latency between stroke onset to the study day was shorter in the other two studies

(<48 hours), in this study mean SaC>2 was the same in both patients observed within

48 hours and after this time, but within seven days of stroke onset. Therefore the

differences in mean SaC>2 between the studies is more likely to be related to the fact

that this study included more than six times as many acute stroke patients as the other

two studies.

Previous studies also did not compare resting Sa02 between men and women

(Elizabeth et al. 1993;Pang et al. 1988). This study found that male patients had a

statistically significant lower mean SaC>2 than female patients. This was surprising

because more male than female patients required oxygen therapy throughout the

study (seven versus two). However, it is important to note that many more male than

female patients had a history of smoking and had chest disease or respiratory

problems at the time of the study.

Despite the fact that the mean Sa02 was situated on the upper portion of the oxygen

dissociation curve (see Figure 4.1 and section 4.2.2), i.e. the level at which it is

relatively stable, this study was sufficiently large enough to detect postural changes

in oxygenation, with statistically significant results:

i) Lying side to side. This study did not support the theory that lying on the paretic

side would give a lower oxygenation than lying on the non-paretic side (see section

1.6.1) (Walshaw & Pearson 1994). This theory was based largely on studies that

included patients with unilateral lung pathology, rather than hemiparesis as a result

of an acute stroke (Lasater-Erhard 1995;Gawlinski 1993;Chan & Jensen 1992;Norton
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& Conforti 1985;Remolina et al. 1981). These studies have shown that such patients

often have substantially lower arterial oxygen tension (Pa02), by up to 29mmHg in

some cases, when lying on their "sick" lung compared to the "good" lung. The

effects of gravity means that there is greater ventilation and perfusion in the

dependent lung (i.e. the lung down most) than in the upper lung (see Figure 1.5)

(Kaneko et al. 1966). However, if the dependent lung is diseased the increase in

pulmonary perfusion will not be evenly matched with an increase in ventilation

(Fishman 1981). Thus positioning patients with unilateral lung disease on their

healthy lung actually helps to facilitate ventilation and pulmonary perfusion

matching (Nunn 1977). This phenomenon is consistent with the finding that patients

who had falls in SaC>2 of 3% or more when lying from one side to the other were

significantly more likely to have co-existing chest disease at the time of the study.

Fortunately, only 20% of this sample had chest disease at the time of the study

therefore falls in mean SaC>2 of 3% or more between lying on one side then the other

were relatively uncommon.

Interestingly, both stroke patients and young healthy control, subjects had a lower

mean SaC>2 when lying on their left side compared to their right side. This change in

SaC>2 probably relates to the effect of lung volume on gas exchange (Nunn 1977).

The left lung is smaller in volume than the right lung and the compressive effect of

the heart and mediastium diminishes the volume of left lung more when lying on the

left side than it does when lying on the right side (Nunn 1977). This phenomenon is

exacerbated in patients who have enlarged hearts, a condition that is common in the

elderly and therefore many stroke patients (Lavender & Peters 1997;Alexander,

Arnot, & Lavender 1989). In 1957, Svanberg found that in 25 young healthy
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subjects, the dependent right lung (e.g. the lung downmost) was better ventilated than

the dependent left lung (Svanberg 1957). Similarly, Zack et al found that 13 patients

with bilateral lung disease of equal radiological extent had a lower PaC>2 lying on

their left side than when lying on their right side by approximately 2mmHg (Zack et

al. 1974). This pattern has also been observed in 43/60 (72%) of adults who had

coronary artery bypass graft surgery (Banasik et al. 1987).

The present study also found that patients with a right hemiparesis had a small, but

statistically significant fall in mean SaC>2 when lying from their right to their left

(non-paretic) side. Although, patients with a left hemiparesis also had a lower mean

SaC>2 when lying from their right to their left (paretic) side, the difference was not

statistically significant. This finding remained robust even when the location of the

sensor was taken into consideration. This may have been because more patients with

a right than left hemiparesis had respiratory problems at the time of the study.

Alternatively, it may be related to movement of the upper chest. For example, when

patients are lying on their side, costal movements of the upper thorax are more

pronounced than the lower half, because the thorax can move more freely (Svanberg

1957). Conversely, costal movements on the down side are almost nil owing to

compression against the bed (Svanberg 1957). In 1966, Fluck found that 57 patients

with hemiplegia, 55 ofwhom had stroke, had smaller upper chest wall movements on

the paretic compared to the non-paretic side by 9.2% during quiet breathing

(presumably when the patients were sitting in a chair) (Fluck 1966). Therefore, it is

not unreasonable to assume that when patients with a right hemiparesis are lying on

their left (non-paretic side), i.e. lying on the poorly ventilated (left) lung,

oxygenation may be further compromised by poor movement of the upper (right)
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chest due to hemiparesis. Furthermore, the location of the liver on the right side

results in a lower expiratory movement on the uppermost right side when patients are

lying on their left side (Svanberg 1957). This may be exacerbated if the right side is

paralysed (De Troyer et al. 1981). Although, diaphragmatic movements have been

shown to be reduced on the paretic side when stroke patients are breathing

voluntarily, they are not affected by quiet involuntary breathing (Similowski et al.

1996;De Troyer et al. 1981). Surprisingly, the severity of the hemiparesis reduced

the strength of the association between side lying and the side of hemiparesis. This

may have occurred because nine patients were on supplementary oxygen therapy,

which may contribute to a stable relative pulmonary shunt between the two lungs,

were also included in the analysis (Walshaw & Pearson 1994).

Although, this study did highlight physiological "real" differences between patients

with right and left hemiparesis on lying side to side, the magnitude of change in

absolute mean SaC>2 was less than 1% saturation for the entire sample and is hardly

likely to be clinically relevant. Moreover the magnitude of fall in mean Sa02 on

lying from the right to the left side was not statistically different from that of 12

young healthy control subjects. This finding was contrary to that of a study

including six healthy volunteers who had a non-significant lower PaC>2 lying on their

right (93mmHg) compared to left (94mmHg) side (Zack et al. 1974). However, the

authors of this study measured Pa02 invasively via arterial blood samples that were

withdrawn only once in each of the positions. Conversely, the present study

measured continuous SaC>2 non-invasively.
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ii) Sitting versus horizontal positions. Patients who were able to sit in a chair

generally had milder strokes than those who could only do bed positions. They were

also observed on average about 12 hours later than those who could not get out of

bed and therefore were more likely to have been deemed able to sit out of bed by the

nurses or physiotherapist. Therefore, this subgroup of patients may not be

generalisable to all patients admitted to hospital with hemiplegic stroke. Within this

subgroup, sitting in a chair gave a higher median SaC>2 than any other position and

remained above 90% saturation. This finding has been confirmed in both normal

subjects and in patients with chronic obstructive airways disease (Marti & Ulmer

1982).

In those patients unable to get out of bed, but able to sit propped-up in bed, SaC>2 was

also slightly higher in the propped position than in the three horizontal positions.

The magnitude of the difference in mean Sa02 between sitting propped-up in bed and

horizontal positions was less than 1% for the entire group. This finding is similar to

that of Elizabeth et al who found there was a difference in absolute mean SaCE of

1.3% between being propped-up in bed and the three horizontal positions (Elizabeth

et al. 1993) (Table 2.5). However, studies including surgical patients have reported

contradictory findings regarding the effect of the propped-up position on

oxygenation. One study found that nine patients who had undergone abdominal

surgery had no significant differences in oxygenation between being propped up in

bed and horizontal positions (Gui et al. 1982). Conversely, another study found that

19 patients who had undergone abdominal surgery had a statistically significant

decrease in arterial Pa02 in the propped-up in bed position compared to the supine

position (Russell 1981). The patients in this study were however, placed at a 45-
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degree angle which may have been too low to allow maximal lung volume to

improve oxygenation. Anecdotal evidence suggests that many patients have

difficulty in maintaining the sitting position in bed and often the patient ends up in a

slumped position that restricts lung volume almost as much as horizontal positions

(Hough 1991). A review of the literature has also highlighted that the experts

disagree on how best to position stroke patients when they are sitting propped-up in

bed (Carr & Kenney 1992).

The present study certainly supports the view that sitting in a chair, if the patient is fit

enough to do so, is more beneficial than any other position because it improves

oxygenation. This was further confirmed by the fact that none of these patients had a

Sa02 of 90% or below for more than one minute while sitting in the chair. Seven

(11%) of these patients able to sit in the chair at the time of study did however, have

postural dependent periods of desaturation in horizontal positions lasting more than

one minute.

iii) Posture-dependent periods ofclinically significant desaturation (SaC>2 of 90% or

less). Though statistically significant, mean SaC>2 in each position did not vary

greatly, regardless of what positions the patient was "deemed" able to do. This is

because the group mean tended to wash out individual differences, therefore

comparisons of these results alone can be misleading. Generally, patients are

considered to have hypoxaemia if their SaC>2 is 90% or less (Moller et al.

1993a;Moller et al. 1993b). Oxygen saturation below this level is on the steep

portion of the oxygen dissociation curve and is thereby less stable (section 4.2.2).

Fortunately, very few of the stroke patients included in this study experienced
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clinically relevant episodes of postural desaturation. Of those that did, 11 (9%) spent

less than one minute of the entire time with Sa02 below 90%. Previous

investigations have suggested that such brief episodes of desaturation are likely to be

the result ofmovement artefact, whereas falls in Sa02 lasting more than one minute

are more likely to be "real" (Stausholm et al 1997). In the present study, only 13

(10%) stroke patients had a concomitant postural decrease in Sa02 below 90% for a

significant duration of time (more than 2 minutes). These episodes were also more

common in patients with co-morbid respiratory problems.

It is possible that this study underestimated the number of patients who undergo

significant periods ofpostural dependent desaturation. Ten to fifteen minutes in each

position may have been too short. This is also not a realistic period of time that

patients would spend in each position, i.e. patients are often turned every two to four

hours (Gawlinski 1993). Other positional studies including surgical and critically ill

patients found that clinically significant falls in Sa02 usually occurred in the first five

minutes after turning (Winslow et al. 1990;Shively 1988). This study showed that

acute stroke patients still desaturated below 90% saturation up to 11 minutes after

turning. Therefore, prolonged monitoring may have been more appropriate for acute

stroke patients. However, another study found that Sa02 in each position does not

differ substantially over one hour (Chatterton et al. 1998, personal communication).

Overall the period of observation in the present study was acceptable to most

patients. This has avoided the recruitment difficulties faced by other positioning

studies with lengthy observation periods, e.g. one hour in each position (Chatterton et

al. 1998, personal communication).
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5.4.2 Bloodpressure

This study was not ideally designed to measure orthostatic changes in BP for a

number of reasons. Firstly, the positions were randomly allocated. For example,

some patients started in sitting positions and then were put in horizontal positions,

whereas orthostatic changes are usually measured going from the supine to upright

positions (sitting or standing positions) (Vargas & Lye 1993). Secondly, only a third

of patients could stand independently at the time of the study and a quarter were

unable sit up at all. Furthermore, the patients who were able to sit up were less likely

to have severe deficits, the very group of patients who are at greater risk of postural

hypotension (Tanaka, et al. 1996). Lastly, BP was measured intermittently at five

minute intervals, whereas the greatest changes in BP in relation to posture are known

to happen within the first two minutes (Vargas & Lye 1993).

Despite these shortcomings the study did identify a number of clinically significant

changes in BP occurring in day to day positioning of acute stroke patients, which was

the aim of this study:

i) Lying side to side. This study agreed with the findings of Clochesy that young

healthy individuals lying with the cuff on the uppermost arm have a lower systolic,

mean and diastolic BP compared with lying with the cuff on the lower arm (Clochesy

1986). The results also showed that the magnitude of change in systolic, mean and

diastolic BP between the two side lying positions for stroke patients was similar to

that for young healthy individuals. Therefore, the apparent difference in BP between
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lying on the paretic compared to the normal side occurring in stroke patients is due to

the confounding effect of hydrostatic pressure.

ii) Sitting versus horizontal positions. In those patients able to do all five study

positions, the propped-up in bed position gave a slightly higher systolic BP than

lying supine. Surprisingly, the same individuals had a lower systolic BP when sitting

in the chair. Therefore, it is more likely that this small difference was due to BP

measurement error, such as keeping the arm aligned with the level of the heart,

which was more difficult to do in the propped-up in bed position compared to the

sitting and supine positions (Ljungvall et al. 1989). Many of these patients had the

BP cuff placed on the non-paretic arm, which they could freely move. This could

have easily resulted in apparent elevations of BP simply due to incorrect positioning

of the arm in relation to the heart (Webster et al. 1984). It is also possible that many

of these patients may have found being propped-up in bed more uncomfortable than

sitting in the chair or lying supine and the stress of this may have slightly increased

the systolic BP.

iii) Posture-dependent periods of clinically significant BP change (20mmHg or

more). Of the 98 patients who had BP measured in both the sitting and horizontal

positions, 25 (26%) had a change in systolic BP of 20mmHg or more between the

supine and sitting positions. Eleven of these patients had a sustained postural

hypotension defined as >20mmHg fall between supine and sitting positions

(Memmer 1988). Prevalence rates of postural hypotension in the elderly populations

have ranged from 10% to 33% (Fotherby et al. 1994). This phenomenon does not

occur in young healthy subjects (MacLennan et al. 1980). When a healthy adult
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moves from a supine to a vertical posture (sitting or standing), an immediate but

transient redistribution of blood volume occurs causing blood to pool in the large

vessels in the lower half of the body (Memmer 1988). This in turn decreases central

venous pressure, stroke volume, and systolic BP. These effects are quickly reversed

however, by the baroreflex, a protective mechanism (Memmer 1988). On rising

from the supine position, the baroreceptors detect a reduction in arterial BP in the

upper half of the body, immediately stimulating the sympathetic nervous system via

efferent nerves and parasympathetic inhibition to increase heart rate, increase the

strength of heart contraction and cause vasoconstriction of peripheral blood vessels

in the lower half of the body. This prevents continued pooling of the blood in the

lower half of the body and immediately increases central blood pressure back

towards normal, thus preventing cerebral ischaemia. The baroreceptor is known to

become less effective in the elderly and in acute stroke patients (Robinson et al.

1997b). Therefore, in the acute phase of stroke when autoregulation is also impaired,

these patients may be at risk of worsening of their stroke (Robinson & Potter 1995).

Most of the patients who experienced these clinically significant falls in systolic BP

were on medication that could cause postural hypotension (anti-hypertensives, anti¬

depressants and sedatives) (Memmer 1988). Prospective studies have shown that

drug withdrawal leads to a significantly reduced prevalence of orthostatic

hypotension as defined by 20mmHg or more systolic fall in elderly patients

(Fotherby & Potter 1994).

The other 14 patients in the present study had a postural elevation of BP on rising to

the sitting positions from the supine position. Although, the phenomenon has been

reported in the literature, the definition of postural elevation remains to be
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established (Matsubayashi et al. 1997;Benowitz et al. 1996). In this study it has been

defined arbitrarily as an elevation in systolic BP of 20mmHg or more. The

frequency of this phenomenon in stroke is similar to that found in elderly people

without a history of neurological disease (Matsubayashi et al. 1997). Panayiotou et

al (1999) suggested that such a rise in postural BP post-stroke was likely to be due to

sympathetic nervous system overactivity (Panayiotou et al. 1999) (see section

2.4.1.3). Such large increases in BP may have a detrimental effect on stroke

outcome as it may increase intra-cranial pressure and exacerbate cerebral oedema

(Panayiotou et al. 1999). In elderly patients, both postural hypotension and

hypertension has been associated with poorer cognitive and functional scores, as well

more advanced leukoaraiosis demonstrated on MRI than those without exaggerated

postural changes in systolic BP (Matsubayashi et al. 1997).

5.4.3 Heart Rate

Mean heart rate recorded using pulse oximetry, followed the same discernible

patterns of the mean SaC>2 recordings, e.g. male patients had a lower heart rate than

female patients. Heart rate recordings taken when the patients were lying on their

left side were also lower than lying on the right side suggesting that this interaction

effect may be due to measurement error. As would be expected, sick patients with

severe hemiparesis, who are more likely to be hypoxic, had a significantly higher

mean heart rate than those without. In the majority of cases of clinically significant

postural changes in SaC>2 and BP there were no concomitant changes in heart rate.
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5.4.4 Advantages and limitations of this study

This study is the largest to date to detect statistically and clinically significant

postural changes in Sa02, BP and heart rate in a representative sample of acute

hospitalised stroke patients. The study was conducted by the patients' bedside and

they were turned according to standard protocols used throughout the hospital by

nurses. Therefore, it mirrored the day to day nursing practices for positioning of

acute stroke patients and is generalisable to many acute stroke patients. However, it

is important to note that such studies are extremely difficult to perform, because:

• Not all stroke patients are able to do all five of the study positions, i.e.

heterogeneous sample.

• In some of the sicker stroke patients who are restless and agitated it is difficult to

take reliable recordings (i.e. due to motion artefact) of the physiological

variables.

• On the ward, patients are assessed by a variety of staff and have a variety of

investigations and treatment performed so it is difficult to observe patients for

prolonged periods.

• The limitations of currently available technology.

There are also several methodological issues to consider:

1. Estimation ofthe sample size. The sample size was calculated to ensure the study

was of sufficient size to detect the smallest clinically worthwhile difference in both
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SaC>2 and BP with postural change (see section 5.2.4). This was a fall in SaC>2 of 3%,

which is the minimum desaturation after positioning not simply attributed to machine

variability. Also, previous studies defined clinically significant postural changes in

BP as a fall in systolic BP, with or without a concomitant change in diastolic BP, of

20mmHg (Memmer 1988, Matsubayashi et al. 1997). It was assumed that both these

outcome measures, which are continuous variables, would plausibly be normally

distributed and two-sample t-test would be the statistical test. Based on estimates of

the sample standard deviation (see section 5.2.4), it was calculated that about 30

patients would be required in each position (Campbell et al. 1995). However, it is

important to note that that the population studied may not have the same

characteristics as those from which the standard deviation were estimated. Bland

(1995) states that "the determination of sample size is only a guide, and it is

probably as well as to err on the side of a larger sample."

The choice of power is also arbitrary and Bland (1995) also states "there is no

optimum choice of power for a study." However, statisticians usually recommend

that the power is more than 90%. Admittedly this gives larger estimated sample

sizes, but ensures that there is a greater chance of detecting clinically worthwhile

effects with statistically significant results.

2. The actual compared to the estimated sample size. During the observation period

129 acute stroke patients, many more than estimated by the sample size, met the

inclusion criteria of this study and were included in the analysis. However, not all of

the stroke patients could do all five positions. Moreover patients who could sit in a

chair had significantly milder motor deficits compared to those who could not.
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Therefore, the stroke patients were divided into those: able to sit in a chair; able to sit

propped up in bed (but unable to sit in a chair); and able to lie in horizontal positions

only (Table 5.7). Therefore, it was important to have an adequate sample in each

group to make within and between group comparisons. To avoid biasing the sample

over time, it was important to continue collecting data until each group came close to

the target sample size. However, one of these subgroups was small, i.e. patients able

to lie in horizontal positions only (n=22). Therefore, the likelihood of type II errors

was also increased, so that truly important differences could have been deemed non¬

significant. Therefore, to avoid confounding of subgroup comparisons, it was

important to analyse the differences between those positions that the majority of

patients were able to do (i.e. side lying) for which the sample size was ample.

3. Referral bias. There are several reasons why the number of patients who undergo

significant periods of posture dependent desaturation and BP change may have been

underestimated when compared to other institutions. Firstly, in other hospitals there

might be a higher proportion of patients with severe strokes, chest disease and on

medication associated with postural hypotension who would therefore be more likely

to experience adverse physiological events. Secondly, nine patients who were on

oxygen therapy who might otherwise have experienced hypoxaemia with changes in

posture were also included in the data analysis. However, it would not have been

acceptable, or ethical, to remove the oxygen mask during the study period and

excluding them from the analysis made no difference to the overall results. Third, 10

minutes in each position is shorter than the time that patients would normally spend

in each position, i.e. every two to four hours (Gawlinski 1993), which could therefore

result in much longer episodes in position-related adverse changes in physiological

257



Chapter Five

variables. However, such short observation periods caused minimum disruption to

the normal ward routine, encouraged patient participation, and increased the number

of nurses willing to help with turning the patients. Finally, in future studies it will be

important to observe patients earlier than a median of 72 hours after stroke onset,

when the penumbra is thought most likely to exist and risky treatments, such as

thrombolysis, may be given.

4. Controls. Previous literature suggests that there are physiological changes in BP

and SaC>2 with changes in posture in elderly and stroke patients (see sections 1.6.1

and 2.4). However, brief exposure to mild levels of hypoxaemia and hypotension,

posture related or not, may be particularly harmful to patients with acute stroke who

have potentially salvageable or vulnerable areas of brain around the stroke lesion,

whereas patients without acute brain damage probably tolerate longer periods of

hypoxaemia and hypotension. Therefore, the present study was designed to use the

same subjects for all experimental conditions so that any individual peculiarities

were equalised out over all conditions. Thus, the stroke patients acted as there own

controls.

Interestingly, the results of this study showed that there was an interaction effect with

BP and SaC>2 recordings and the side on which the patient was lying, regardless of

the side of hemiparesis (see sections 5.3.7.1 and 5.3.8.1). Therefore, to further

investigate this phenomenon, SaC>2 and BP was recorded in 12 young healthy control

subjects. This sample was smaller that that estimated by the sample size calculation

for stroke patients (n=30), therefore the likelihood of type II statistical errors

increased. However, the control sample verified that the differences in Sa02 and BP
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between side lying positions was similar to the magnitude of change observed in

stroke patients (see sections 5.3.7.1 and 5.4.8.1). Nonetheless, it would be important

for future studies to include a group of elderly patients with the stroke patients, to

investigate the association with changes in physiological variables on positioning and

age.

5. Reasons and limitations of randomising the positions. Other studies have

suggested that the order in which patients are turned may influence BP (Mathias &

Bannister 1992a), but not Sa02 (Chan & Jensen 1992), recordings. Therefore, in the

present study the order of the positions was randomised to reduce unknown

confounding factors. Thus, the study was not ideally designed to measure orthostatic

changes in BP, which are usually measured going from supine to upright positions

(Vargas & Lye 1993). However, these tests are somewhat artificial because the

patients are tested either standing or tilting from the supine position under controlled

conditions. Moreover such studies of standing require patients who are able to sit or

stand with minimal assistance and both active standing and tilting requires co¬

operative patients, therefore they probably would include patients who are not

representative ofmany acute stroke patients. However, the aim of this study was to

determine whether changes SaC>2, BP and heart rate occurred during more natural

conditions, such as the day to day positioning of acute stroke patients by nurses.

Since less than half the sample were able to do all five of the study positions, and the

order of positions was randomised, there were not sufficient numbers of patients that

did a similar sequence of positions. Therefore, this study was unable to determine the

effect of the order of positioning on SaC>2, BP and heart rate, but rather was intended

259



Chapter Five

to detect the effect of being in a particular position. Realistically and ethically,

patients could only be put in those positions that their carers deemed safe for them to

do. Nevertheless, further research is indicated in this area.

6. Equipment and measurement differences. The non-invasive equipment was

similar to that used in day to day clinical practice by nurses. It was easy to use and

maintain, safe and took consistent recordings. Patient comfort was ensured by the

fact that physiological recordings were taken non-invasively.

Arterial oxygen saturation was measured continuously. Although, it was our

attention to randomise the position of the SaC>2 sensor, this was not always practical,

because the sensor is particularly vulnerable to motion artefact. Thus, more patients

had the sensor attached to the paretic hand in order to ensure accurate SaC>2

recordings. A previous small study, including 15 acute stroke patients, found that

mean SaC>2 was similar when the sensor was placed on the paretic or the non-paretic

hand in the same subjects (Roffe et al. 1999). However, it is important to note that in

the study by Roffe et al. (1999) the position of the patients remained the same (sitting

at the edge of the bed). On the other hand, the results of the present study suggest

that there may be an interaction effect between the location of the pulse oximeter

sensor and the side on which the patient is lying. This will require further study of

patient positioning, in a sample where the sensor is randomly allocated in all patients.

Blood pressure was measured indirectly and intermittently, with five-minute

intervals between measurements, using an electronic BP device - the Kontron BP

module (7282) (see section 4.4.3). Therefore, the method of BP measurement might
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have affected the results. The reproducibility of BP using this machine is acceptable

according to the AMMI guidelines (Association for the Advancement of Medical

Instrumentation 1986) and we regularly serviced and maintained the equipment to

reduce any systematic bias. Thus, in BP range taken in this study, the difference

obtained using the Kontron rather than intra-arterially, is likely to be within

acceptable limits.

A problem with intermittent measurements of BP by an oscillometric BP device is

that the investigator is not informed about beat-to-beat fluctuations in BP

measurement. A beat-to-beat method would also have allowed us to observe the

initial changes in the haemodynamic state with changes in posture, which are often

blunted in the elderly and therefore many stroke patients. However, the risk and

discomfort from invasive intra-arterial monitoring is not justified and it is difficult to

ensure the accuracy of non-invasive beat-to beat BP recordings taken from the finger

using the FINAPRES device in acutely ill stoke patients, many of whom are restless

and agitated (see section 4.3.3). Nevertheless, intermittent measurements are

accurate enough for a routine clinical assessment of BP adjustment during

manoeuvres. The mean of three BP readings was preferable to one in order to reduce

the variability between the initial BP reading and subsequent BP readings taken in

each position. Also, multiple BP readings in a single position are recommended, as it

will give a fair approximation of the typical BP for an individual (Wieling 1992).

This study was also not set up to detect whether the time of day influenced the

postural change in BP. Certainly, other studies have shown that there is circadian

variation with the largest changes observed in the morning (Omboni et al. 1995).
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This could be clinically relevant to those patients who have a stroke after they had

recently arisen from their beds. Therefore, further studies to clarify the influence of

the time of day on postural changes in BP in stroke patients would be useful.

7. Statistical versus clinical significance. The data were analysed in the present

study using a large number of significance tests. Therefore, it is important to be

aware that by chance it is inevitable that something will be "significant." This effect

may be reduced with multiple comparison procedures, such as the Bonferroni

method, but these are considered to be highly conservative and may miss real

differences (Perneger 1998). However, it was still important to note that for every 20

statistical tests you do at a significance level of p=0.05 you would expect one to be

significant purely by chance. Thus, when many statistical tests have been performed,

it is important to examine them in clinical context.

It was reassuring that, although the above-mentioned changes in mean SaC>2 were

statistically significant, the magnitude of change was not great between positions

(less than 1% in most instances). However, a small number of patients had a fall in

mean SaC>2 of 3% or more when moving from the chair to any other position (18%)

or from one side to the other (11%), predominately when compared to lying on their

left side. It is worth noting a 3% change from a baseline of 99% is unlikely to be

clinically important, but a fall of 3% from 93% may be, thus it was important to find

out the number of individuals who had falls in their SaC>2 to 90% or below. We

found that 13 (10%) stroke patients had a concomitant postural decrease in SaC>2

below 90% for long enough to be potentially clinically relevant (two minutes or

more). These episodes were more common in patients lying on their left side,
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especially if the patient had a right hemiparesis, a severe motor deficit and co-morbid

respiratory problems. Also, in the majority of cases of clinically significant postural

changes in SaC>2, there was either no change or a small non-significant increase in

heart rate. Age and gender were not associated with desaturation. However, the

number of patients who undergo significant periods of posture dependent

desaturation may be underestimated when compared to other institutions, as in other

hospitals there might be a higher proportion of patients with severe strokes and more

chest disease who might therefore be more likely to experience adverse physiological

events.

Orthostatic hypotension has been defined previously as >20mmHg systolic BP fall,

with or without a fall in diastolic BP of >10mmHg. Using this definition, the present

study found that on sitting up 26% of stroke patients had a significant postural

change in systolic BP. Theoretically in the acute phase of stroke, cerebral perfusion

is dependent on systemic BP because cerebrovascular autoregulation may be

impaired. Thus, postural hypotension in acute stroke patients may further impair

cerebral blood flow, increase stroke size, or hinder recovery. However, at present we

know relatively little about what to do with BP after stroke. It is possible that mild

BP lowering could in fact be helpful in some patients, but harmful in others, but

without a randomised controlled trial to address this more specifically, we cannot be

sure. If randomised controlled trials demonstrate that manipulation (either lowering

or raising) of BP in acute stroke affects patient outcome then a better understanding

of how physiological activities such as positioning alter BP in such patients will be

crucial.
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8. Confounding. The results of this study may be confounded by the extra

vulnerability of stroke patients during the acute phase. Certainly, future studies

should further consider the impact that haemodynamic instability, hydration status,

supplemental oxygen therapy, TED stockings (to reduce the risk of deep venous

thrombosis) and the time and frequency of anti-hypertensive administration would

have on the results. It is important to note that TED stockings are not routinely put

on stroke patients in the Western General Hospital, because there is as yet no proof

of benefit. This will be tested in a randomised controlled trial co-ordinated by Dr

Dennis later in the year.

9. Ethical considerations. During the study period, 129 acute stroke patients were

observed, which was justified as not all patients could do all the positions (see

above). In this study, patients were observed throughout the recording period to

ensure that the patient did not become fatigued and if they did, monitoring was

adjusted or stopped. Moreover, all aspects of medical and nursing care continued as

normal. It is important to note that in some hospitals in Europe and North America,

continuous physiological monitoring in the acute phase of stroke is routine despite

the lack of information on what it means or that it does any good. Therefore, future

studies should evaluate whether the implementation ofmonitoring to avoid the risk

of hypoxia or significant changes in BP after positioning improves clinical outcome.
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5.4.5 Summary and recommendations forpositioning acute stroke patients

Based on the results of this study consideration should be given to positioning of

acute stroke patients as follows in order to avoid adverse changes in Sa02, BP and

heart rate:

• Sitting conscious stroke patients with adequate sitting balance in a chair may

improve oxygenation.

• Stroke patients with sitting balance are best to sit in a chair rather than in the

propped-up in bed position. This is because the propped-up position often

becomes the "slumped" position, which may restrict lung expansion and reduce

oxygenation.

• Patients with a chest infection or other respiratory problems are at risk of

developing hypoxia, particularly if they have a right hemiparesis and are placed

on their left side. It would be prudent to avoid placing patients on their left side or

to monitor their SaC>2, to detect and treat episodes of desaturation (decrease in

SaC>2 of 90% or below).

• Some patients particularly those on antihypertensives, antidepressants, sedation

etc are at risk of falls in BP when moving from supine to sitting or standing

positions. If patients are to be mobilised early, it might be prudent to measure

supine and erect BP in order to detect and treat those patients who may experience

postural BP dysregulation (change in systolic BP of 20mmHg or more).
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To determine whether implementation ofmeasures to avoid the risk ofhypoxia or

significant BP change with positioning improves clinical outcome, a randomised

trial would be required.
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Table 5.1 Edinburgh University secondary insult grades for BP, SaCh and heart
rate in adults (>14 years) developed in patients with head injury

(Jones et al. 1994)

Grade 1 Grade 2 Grade 3

Hypotension (mmHg)
systolic <90 <70 <50
mean <70 <55 <40

Hypertension (mmHg)
systolic >160 >190 >220
mean >110 >130 >150

Hypoxaemia (SaC^ %) <90 <85 <80

Tachycardia (bpm) >120 >135 >150

Bradycardia (bpm) <50 <40 <30
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Table 5.2 Patients' demographic data and functional status prior to the event

Patient characteristics Males (n=64) Females (n =65)
nX%H nl%)t

Age (years)
<50 5 (8) 5 (8)

51 -70 21 (33) 17(26)
71-90 37(58) 41 (63)
>90 1 (2) 2 (3)

mean age 71 72
median 74 76

range 22-93 24-94

Oxford Handicap Scale before
stroke:

Independent (OHS 0-2) 47 (73) 50 (77)
Dependent (OHS 3-5) 17 (27) 15 (23)
t Except for age
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Table 5.3 Past medical history of included patients

Patient characteristics Males Females Total

(n=64) (n==65) (n==129)
n (%) n(%) n (%)

Previous stroke with residual disability 9(14) 6 (9) 15 (12)
Previous stroke without residual disability 8(13) 6 (9) 14 (11)
Previous transient ischaemic attack (TIA) 13 (20) 6 (9) 19 (15)
Previous myocardial infarction (MI) 7(11) 5 (8) 12 (9)
Current smoker 17(27) 18 (28) 35 (27)
Ex smoker >12 months 31 (48)* 14 (22) 45 (35)
Alcohol > 2 units/day 15 (23)* 2 (3) 17 (13)
Hypertension - history or treatment at any time 27(42) 24 (37) 51 (40)
Anti-hypertensive treatment prior to the event 19(30) 23 (35) 42 (33)
Diabetes mellitus known before stroke 7(11) 6 (9) 13 (10)
Angina pectoris known before stroke 11(17) 12 (18) 23 (18)
Breathless walking on an incline 22 (34) 25 (38) 47 (36)
Previous cardiac surgery 3 (5) 5 (8) 8 (6)
Previous atrial fibrillation 7(11) 15 (23) 22 (17)
Known peripheral vascular disease 19(30) 18 (28) 37 (29)
Previous peripheral vascular surgery 1 (2) 0 1 (1)
Known prior malignancy 4 (6) 10 (15) 14 (ID
Significantly more males than females (p<0. 01, Chi-square)
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Table 5.4 History of patients' stroke

Patient characteristics n (%)
OCSP Clinical classification:
Total Anterior Circulation Stroke (TACS) 45 (35)
Partial Anterior Circulation Stroke (PACS) 47 (36)
Lacunar Circulation stroke (LACS) 29 (23)
Posterior Circulation Stroke (POCS) 6 (5)
Uncertain 2 (1)
Type of imaging: CT 110(85)

MRI 18 (14)
None 1 (1)

Pathology (determined by CT or MRI):
Infarct 112(87)

Haemorrhage 16 (12)
Side ofmotor deficit:

Right 66(51)
Left 63 (49)
Motor deficit:

Hemiplegia 110 (85)
Monoplegia 19 (15)
Severity ofmotor deficit:
mild (MRC motor grade 4) 34 (26)
moderate (MRC motor grade 3) 31 (24)
severe (MRC motor grades 0-2) 64 (50)
At time of examination by stroke physician:
Able sit independently 69 (53)
Able stand independently 37 (29)
Able walk with assistance 23 (17)
Truncal ataxia 5 (4)
Sensory Deficit 48 (37)
Abnormal swallowing 62 (48)
Dysarthria 68 (53)
Dysphasia 43 (33)
Loss of consciousness at onset 9 (7)
Drowsiness on examination 57 (44)
Glasgow Coma Scale (GCS) = 15 62 (48)
GCS = 14 33 (26)
GCS < 13 34 (26)
At time of Study:
Irregular pulse 31 (24)
Anaemia 27 (21)
Breathing problems 26 (20)
Supplementary oxygen therapy 9 (7)
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Table 5.5 Details of admission systolic and diastolic blood pressure and anti¬
hypertensive medications at the time of the study

Patient Charteristic n (%)
BP on admission (mmHg) 124 (96)
Systolic BP <120 11 (9)

120-139 13 (10)
140-159 27 (22)
160-179 23 (19)
180-199 27 (22)

>200 23 (19)

Diastolic BP <50 17(14)
50-69 9 (7)
70-89 22(18)

90-109 46 (37)
110-129 22(18)

>130 8 (6)

SBP/DBP
Mean BP 167/94 124 (96)
Male 171/95 59 (48)
Female 164/93 65 (52)
Hypertensive 180/99* 50 (40)
Non-hypertensive 160/91 74 (60)
Infarct 165/94 110(89)
ICH 187**/98 14(11)

Anti-hypertensive medication at the time of study 29 (22)
Beta-blockers at the time of the study 10 (8)

SBP, systolic BP; DBP, diastolic BP; and ICH, intra cerebral haemorrhage.

*systolic and diastolic BP significantly higher than patients without a history of
hypertension, both p<0.05, unpaired t-test

** systolic BP significantly higher than patients with an infarct, p=0.019, unpaired t-
test.
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Table 5.6 Reasons why 171 eligible stroke patients entered in the LSR between
the 1 October 1996 to 30 September 1998 were not included in the study sample

approximate
Reasons patients' not seen n (%)
Unable to obtain consent 5 (3)
Mild motor deficit 98 (57)
Not sure if the patients had "definite" stroke 4 (2)
Late or no notification of admission to hospital 10 (6)
Transferred to another hospital 4 (2)
Transferred to intensive care for invasive monitoring 3 (2)
Co-morbid disease requiring immediate treatment in its own right 5 (3)
Equipment:
1) Failure 12 (7)
2) In use 30 (18)
Total 171(100)
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Table 5.7 The number of patients recorded in each of the five positions

Position
_ ________________ n (%)

Sitting in a Chair 65 (50)
Sitting propped-up in bed 105 (81)
Lying supine 119 (92)
Lying on the paretic side 128 (99)
Lying on the non-paretic side 127 (98)

Subgroups according to the number of positions
patients could do:
Able to sit in a Chair 65 (50)
Able to sit in a chair, but recordings not taken in all five 4/65 (6)
positions

Able to sit propped-up in bed, but unable to sit in a chair 42 (32)
Able to sit propped-up in bed, but recordings not taken in 6/42 (14)
all four bed positions

Able to do the three horizontal positions only 19 (15)
Able to lie side to side only 3 (2)

Median time (maximum) of observation period, if able
to do:
Five positions: 78 minutes (283)
Four positions 62 minutes (231)
Three positions 60 minutes (102)
Two positions 40 minutes (50)
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Table 5.8 Comparison of the patients' stroke according to whether they could sit
in a chair (n=65) or not (n=64)

Patient characteristics n (%) of patients
able to sit in a

chair (n=65)f

n (%) of patients
unable to get out of
bed (n=64)f

Odds Ratio

(95% CI)f

Male 32 (49) 32 (50) 1 (0.5,1.9)

Median Age in years (range) 71 (22, 93) 73 (24, 94) p=0.2

Median time in hours from stroke
onset to the study day (range)

86 (24, 168) 72 (0.5, 168) p=0.02

Cerebral infarct 47 (72) 44 (69) 1.2 (0.6,2.5)

Severe motor deficit (MRC motor
grade<2)

20 (31) 44 (69) *0.2(0.1,0.4)

Right side motor deficit 35 (54) 31 (48) 1.2(0.6,2.5)

TACS
PACS
LACS
POCS
unclassified

9(14)
28 (43)
22 (34)
6 (9)
0

36 (56)
19 (30)
7(11)
0
2 (3)

*0.1 (0.1, 0.3)
1.8(0.9,3.7)
*4.2(1.6, 10.6)
not estimable
not estimable

Drowsiness since symptom onset 16(25) 41 (64) *0.2 (0.1,0.4)

Abnormal swallowing 20 (31) 42 (66) *0.2 (0.1, 0.5)

Dysarthria 32 (49) 36 (56) 0.8 (0.4, 1.5)

Dysphasia 19 (29) 24 (37) 0.7 (0.3, 1.4)

Irregular pulse 15 (23) 16(25) 0.9 (0.4, 2.0)

Breathing problems^: 8(12) 18 (28) *0.4 (0.1,0.9)

On oxygen therapy 3 (5) 6 (9) 0.5 (0.1,2.0)

Dead or dependent six months after
the stroke (OHS 3-6)

49 (75) 52(81) 0.7 (0.3, 1.6)

Abbreviations: CI, confidence interval; TACS, total anterior circulation stroke;
PACS, partial anterior circulation stroke; LACS, lacunar stroke; POCS, posterior
circulation stroke; and OHS, Oxford Handicap Score.
* p<0.05, Chi-square
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Table 5.9 Position of the BP cuff and pulse oximetry sensor

Male Female Total
Patient characteristic n (%) n(%) n (% )

Pulse oximetry sensor: 64 (50) 65 (50) 129(100)
paretic finger 37 (58) 41 (63) 78 (60)
non-paretic finger 27 (42) 24 (37) 51 (40)

BP cuff:

arm cuff: 63 (98) 60 (94) 123 (95)
paretic arm 27 (40) 21 (32) 48 (37)
non-paretic arm 36 (56) 39 (60) 75 (58)

finger cuff 0 3 (5) 3 (2)
no BP readings 1 (2) 2 (3) 3 (2)
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Table 5.10 Comparison of Sa02 lying on the paretic side with lying on the non-
paretic side according to baseline patient characteristics and the position of the
Sa02 sensor

Patient
characteristic

n (%)t Mean Sa02 %
(SE) lying on
the paretic side

Mean Sa02 %
(SE) lying on
the non-

paretic side

Total Mean

Sa02 % (SE)

Total 127 (96) 95.33 (2.14) 95.01 (2.10) 95.27 (0.17)

Sex:
Male
Female

64 (50)
63 (49)

95.10(0.27)
95.80 (0.26)

94.72 (0.28)
95.47 (0.25)

94.91 (0.24)*
95.64 (0.22)

Severity of the
motor deficits:

(MRC motor grade):
Mild (4)
Moderate (3)
Severe (0-2)

34 (26)
31 (24)
62 (48)

95.94 (0.34)
95.25 (0.38)
95.27(0.28)

95.89 (0.26)
94.78 (0.45)
94.80 (0.27)

95.91 (0.27)
95.02 (0.35)
95.04 (0.24)

Side of the Motor
deficit:

Right
Left

65 (50)
62 (48)

95.66 (0.27)
95.23 (0.27)

94.8 (0.30)***
95.38 (0.22)

95.23 (0.26)
95.30(0.21)

Position of Sa02
Sensor:

paretic hand
non-paretic hand

77 (61)
50 (39)

95.75 (0.24) ****
94.98 (0.30)

95.02 (0.23)
95.21 (0.32)

95.38 (0.20)
95.10(1.89)

t The percentages do not add up to 100%, because two patients did not have Sa02 recorded in side
lying positions.
* Male patients had a significantly lower Sa02 than female patients, p=0.028 unpaired t-test.
*** Patients with a right hemiparesis had a significantly lower Sa02 lying on their left (non-paretic)
side than when lying on their right side, p=0.001 paired t-test.
**** patients with the Sa02 sensor on the paretic hand had a significantly higher Sa02 when lying on
the paretic side (i.e. the same side as the sensor), p=0.001, paired t-test.

276



Table5.11DesaturationlachangeinSaO^of3%ormorelin14/127(11%)patientslyingonthepareticsidecomparedtothenon- pareticside Patient

Age

Sex

OCSPclinical
Severityof

Sideof

Abletosit

Comorbidchest
Oxygen

Mean

Mean

Mean

ID

(years)

(M/F)

classification
motordeficit

deficit

inachair

diseaseorbreathing
therapy

Sa02(%)

Sa02(%)lying
differencein

(R/L)

(yesorno)
problemsatthetime ofthestudy

(yes/no)

lyingonthe pareticside

onthenon- pareticside

absoluteSa02 (%)paretic minusnon- Dareticside

3

71

F

TACS

severe

L

yes

no

no

92.5

95.5

-3.0

13

69

F

LACS

mild

L

no

pneumonia (affectingleftlung)
no

89.7

96.2

-6.5

38

82

M

TACS

moderate

L

yes

no

no

94.1

97.8

-3.7

161

82

M

PACS

moderate

L

no

respiratoryfailure
yes

92.4

98.8

-6.4

167

68

M

TACS

severe

L

no

pneumonia (affectingtheleft lung)

no

91.2

96.0

-4.8

12

77

F

PACS

severe

L

no

no

no

92.1

89.7

5.2

36

72

F

TACS

severe

L

no

no

no

99.9

95.5

4.4

54

38

F

TACS

mild

L

yes

chestinfection

no

98.6

95.4

3.2

178

52

M

TACS

severe

L

no

no

no

97.2

93.4

3.8

19

82

F

PACS

moderate

R

no

aspiration pneumonia

no

98.2

90.2

8.0

110

66

M

TACS

severe

R

no

respiratoryfailure
yes

98.6

91.3

7.3

162

68

M

TACS

severe

R

no

dyspnoeaattimeof study

yes

99.0

94.2

4.8

196

79

M

LACS

moderate

R

no

wheeze(leftlung)
no

97.5

91.7

5.8

207

33

F

TACS

severe

R

yes

no

no

95.7

92.7

3.0

M;male;F;Female;L;left;R,right;OCSP,OxfordCommunityStrokeProject;TACS,totalanteriorcirculationsyndrome;PACS,partialanteriorcirculationsyndrome;LACS,lacunar syndrome;POCS,posteriorcirculationsyndrome. AnegativesignindicatesariseinSa02fromlyingonthepareticsidetothenon-pareticside ApositivesignindicatesadecreaseinSaO^fromlyingonthepareticsidetothenon-pareticside
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Table 5.12 The association between breathing problems and falls in mean SaC>2
of >3%

Breathing problems Falls (> 3%) in Falls (< 3%) in Total
mean Sa02 mean Sa02
n n n

Yes 8 17 25

No 6 96 102

Total 14 113 127

Fisher's exact test p=0.001

Odds ratio 7.52 (95% CI 2.3, 24.41)
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Table 5.13: Comparison of median Sa02 (%) between patients who could: sit in
a chair (n=65); sit propped up in bed (but unable to sit in a chair, n=42); and lie
in horizontal positions only (n=22)

Positions Patients able to

sit in a chair

(n=65)

Patients able to

do four bed

positions only
(n=42)

_____

Patients able to
do the three
horizontal

positions(n=22)
Chair:
median (IQR)
range

Propped-up in bed:
median (IQR)
range

Supine:
median (IQR)
range

Lying on the paretic side:
median (IQR)
range

Lying on the non-paretic
side:
median (IQR)
range

Lying on the right side
median (IQR)
range

Lying on the left side
median (IQR)
range

96.30 (2.40)
90.9-99.5

95.60 (2.95)*
89.5-98.5

95.90 (2.50)
91.7-98.9

95.50 (3.25)*
90.8-99.2

95.50(2.95)*
89.7-98.8

96.10(2.7)
90.8-98.8

95.3 (2.8)*
89.7-99.5

95.30 (2.53)
86.6-98.7

95.15 (2.83)
90.1-98.2

95.00 (3.13)
89.7-99.3

95.25 (2.40)
89.5-99.2

95.35 (2.7)
90.8-99.3

95.00 (3.9)
89.5-99.2

95.20 (2.20)
91.8-98.3

95.20 (2.90)
92.5-99.9

95.20 (2.80)
92.1-98.1

95.40 (3.4)
92.1-99.9

95.10(3.1)
91.7-99.9

IQR = inter-quartile range.

* p<0.05 when compared to sitting in the chair (post hoc paired t-tests, Wilcoxon)
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Table5.14Desaturation(achangeinSa02of3%ormore)fromsittinginthechairtoanyotherpositionoccurredin12/65(18%) patientsabletositinachair Patient

Age

Sex

OCSPclinical
Severityof
Sideof

Breathing

MeanSa02
MeanSa02

MeanSaCb

MeanSa02
MeanSaCL

ID

(yrs)

(M/F)

classification

motor

deficit

problemsat
(%)

(%)

(%)

(%)

(%)

deficit

(R/L)

thetimeof thestudy (yes/no)

sittingina chair

sittinginthe propped-upin bed

lying supine

lyingon theparetic side

lyingonthe non-paretic side

3

71

F

TACS

severe

L

no

96.4

94.8

94.6

92.5

95.5

98

71

F

LACS

severe

L

no

96.3

92.7

97.1

96.10

97.50

194

79

M

LACS

severe

L

no

96.2

96.0

93.9

90.8

92.5

27

74

F

POCS

mild

R

no

98.5

97.3

95.3

29

74

M

LACS

moderate

R

yes

94.3

94.0

92.9

92.3

89.7

41

81

M

TACS

severe

R

no

95.1

93.9

94.7

92.4

92.0

47

55

M

POCS

severe

R

no

98.1

97.4

94.1

95.0

94.5

132

81

M

PACS

mild

R

no

97.1

93.4

98.9

97.0

95.5

165

80

M

PACS

severe

R

no

97.8

96.3

96.5

91.5

91.5

185

93

M

PACS

moderate

R

yes

92.9

89.5

91.7

90.8

90.0

199

86

F

PACS

severe

R

no

97.1

97.1

96.2

93.3

95.9

207

33

F

TACS

severe

R

no

96.0

97.5

96.2

95.7

92.7

M,male;F,Female;L,left;R,right;OCSP,OxfordCommunityStrokeProject;TACS,totalanteriorcirculationsyndrome;PACS,partial anteriorcirculationsyndrome;LACS,lacunarsyndrome;POCS,posteriorcirculationsyndrome. Desaturationofmorethan3%
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Table5.15Thirteenacutestrokepatientswhohadposture-dependentperiodsofclinicallysignificantdesaturation(thatisSa02 lessthan90%formorethanoneminute) Patient

Age

Sex

OCSPclinical
Severityof

Sideof

Abletosit

Breathing

Oxygen

Duration

Duration

Duration

Duration

ID

(years)

(M/F)

classification
motordeficit

deficit

inachair

problemsat
therapy

(minutes)

(minutes)

(minutes)

(minutes)

(R/L)

(yes/no)

thetimeof
(yes/no)

Sa02(%)

Sa02(%)

Sa02(%)

Sa02(%)

thestudy

<90%sitting
<90%lying

<90%lying

<90%lying

(yes/no)

propped-upin
supine

onthe

onthenon-

bed

pareticside

pareticside

33

83

F

PACS

Severe

L

no

yes

no

2

0

0

0

39

62

M

TACS

Severe

L

no

no

no

3

0

0

0

167

68

M

TACS

Severe

L

no

yes

no

1

5

2

0

183

58

F

LACS

Moderate

L

yes

yes

no

0

0

2

0

194

79

M

LACS

Severe

L

yes

no

no

0

0

2

0

24

78

M

TACS

Mild

R

no

yes

no

11

1

0

6

29

74

M

LACS

Severe

R

yes

yes

no

0

0

0

5

110

66

M

TACS

Mild

R

no

yes

yes

0

0

0

2

122

80

M

PACS

Moderate

R

yes

no

no

0

4

0

0

132

81

M

PACS

Moderate

R

yes

no

no

2

0

0

0

165

80

M

PACS

Moderate

R

yes

no

no

0

0

2

3

174

68

M

PACS

Moderate

R

yes

yes

no

0

0

0

3

185

93

M

PACS

Moderate

R

yes

yes

no

6

0

0

5

M,male;F,female;L,left;R,right;OCSP,OxfordCommunityStrokeProject;TACS,totalanteriorcirculationsyndrome;PACS,partial anteriorcirculationsyndrome;LACS,lacunarsyndrome;POCS,posteriorcirculationsyndrome.
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Table 5.16 The association between breathing problems and periods of clinically
significant desaturation (that is SaCh less than 90% for more than one minute)

Breathing
problems

Desaturation of 90%
or below for more than
one minute
n

No periods of
desaturation

n

Total

Yes 8 18 26

No 5 98 103

Total 13 116 129

Fisher's exact test p=0.005

Odds ratio 8.71 (95% CI 2.6, 29.7)
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Chapter Five

Table 5.17 The number of patients in whom BP measurement was successful: in
patients able to sit in a chair (n=65), sit propped-up in bed (n=105) and lie in the
supine positions (n=119)

Position

BP recorded

using the arm
cuff (n)

BP recorded using No BP
the finger BP cuff recorded Total

M (")

Sitting in a chair 63

Sitting propped 100
up in bed

Lying in the
supine in bed

Lying side to
side

116

121

1

2

65

105

119

127
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Table 5.18 Differences in BP between lying on the paretic side and the non-
paretic sides according to baseline patient characteristics in patients who had
BP taken using the arm cuff

Patient characteristic n (%){ Mean BP mmHg Mean BP mmHg Total Mean BP

(SE) lying on the (SE) lying on the mmHg (SE)
paretic side non-paretic side

Sex:
Male 63 (48)
SBP 148.31 (4.17) 151.61 (3.96) 149.96 (3.88)
MBP 103.67 (2.73) 106.90 (2.61) 105.29 (2.35)
DBP 79.44 (2.62) 79.28(2.21) 79.36(2.15)
Female 58 (45)
SBP 156.09 (4.50) 154.45 (4.27) 155.27(4.19)
MBP 105.00 (2.42) 108.29 (2.29) 106.53 (2.09)
DBP 80.73 (2.83) 80.25 (2.38) 80.59 (2.32)
Severity of the motor deficits
(MRC motor grade):
Mild (4) 33 (26)
SBP 148.23 (5.18) 150.24 (4.91) 149.24 (4.81)
MBP 103.00 (3.16) 104.24 (3.13) 103.62 (2.72)
DBP 78.46 (3.26) 76.73 (2.74) 77.60 (2.67)
Moderate 131 28 (22)
SBP 153.66 (6.36) 152.29 (6.03) 152.97 (5.92)
MBP 106.82 (2.84) 106.04(3.51) 106.43 (2.96)
DBP 79.55 (4.01) 78.68 (3.36) 79.11 (3.28)
Severe fO-21 60 (47)
SBP 154.70 (4.20) 156.56 (3.98) 155.63 (3.90)
MBP 103.85 (2.84) 110.12(2.58) 106.87 (2.48)
DBP 82.55 (2.64) 83.89 (2.22) 83.22 (2.16)
Side of the Motor deficit:
Right 61 (47)
SBP 152.47 (4.11) 150.15 (3.89) 151.31 (3.82)
MBP 106.60(2.63) 108.03 (2.59) 107.23 (2.30)
DBP 83.66 (2.56) 80.26(2.17) 81.96 (2.12)
Left 60 (47)
SBP 151.92 (4.56) 155.90 (4.32) 153.92 (4.25)
MBP 101.93 (2.52) 107.10(2.34) 104.52 (2.19)
DBP 76.72 (2.87) 79.27 (2.41) 77.99 (2.35)
Position of BP arm cuff:

on the paretic arm 47 (36)
SBP 155.42 (4.82) 145.28 (4.58)* 150.35(4.50)
MBP 110.57 (3.10) 99.81 (2.80)* 105.19(2.75)
DBP 85.02 (3.04) 73.68 (2.51)* 79.35 (2.49)
on the non-Daretic arm 74 (57)
SBP 148.97 (3.50)* 160.78(3.70) 154.87 (3.52)
MBP 100.43 (2.17)* 112.50 (2.04) 106.45 (1.96)
SBP 75.36 (2.38)* 85.85 (2.00) 80.60(1.95)
Total 121(94)
SBP 152.20 (3.07) 153.03 (2.91) 152.61 (2.86)
MBP 104.37(1.84) 107.57 (1.74) 105.97(1.60)
DBP 80.19(1.93) 79.77(1.62) 79.98 (1.58)

{.The percentages do not add up to 100% because eight patients did not have BP
recorded using the arm cuff. SE, standard error; SBP, systolic BP; DBP, diastolic
BP; and MBP, mean BP
* significantly lower systolic, mean and diastolic BP lying with the cuff uppermost
than downmost, p=0.001, paired t-tests.
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Table 5.19 BP when lying on one side or the other in the three patients who had
their BP recorded using the finger cuff

Patient Side of Side of BP sitting BP sitting BP lying BP lying BP lying
ID deficit sensor on the chair propped supine on the on the non-

(R/L) (P/NP) SBP/DBP up in bed SBP/DBP paretic side paretic side
mmHg SBP/DBP mmHg SBP/DBP SBP/DBP

mmHg mmHg mmHg
12 L NP 166/87 163/102 155/87
19 R P 164/71 149/54 173/45
34 R P 138/85 135/35 126/31 138/37 121/34

R, right; L, left; P, paretic; NP, non-paretic; SBP, systolic BP; and DBP, diastolic BP
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Table 5.20 Comparison of systolic, mean and diastolic mean BP (mmHg)
recorded using the arm cuff between patients who could: sit in a chair (n=63);
sit propped up in bed (but unable to sit in a chair, n=38); and lie in horizontal
positions only (n=18)

Positions Patients able to Patients (unable to Patients able to

sit in a chair sit in a chair) but do horizontal

(n=63) able to sit positions only
propped-up in bed (n=18)
(n=38)

Sitting in a Chair:
SBP (SE) 151.2 (3.9)
MBP (SE) 105.9 (2.6)
DBP (SE) 82.3 (2.3)
Sitting propped-up in
bed:
SBP (SE) 156.3 (3.9)* 156.7(3.4)
MBP (SE) 109.4 (2.2) 112.0(2.8)
DBP (SE) 83.4(1.9) 86.6 (2.9)
Lying supine:
SBP (SE) 151.9(3.8)* 159.9(4.5) 163.2 (4.3)
MBP (SE) 107.0 (2.4) 112.0(3.1) 115.9(3.4)
DBP (SE) 82.8 (1.8) 84.3 (2.7) 88.4 (3.3)
SE= standard error

* In patients able to sit in a chair systolic BP recorded in the propped position was
significantly higher than systolic BP recorded in the supine position or sitting in the
chair (p=0.03, within subjects ANOVA).
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Table 5.21 The frequency of factors associated with postural hypotension in
patients (n=ll) who had falls in systolic BP of >20mmHg from lying supine to
sitting positions (chair or propped-up in bed) and in patients (n=87) who did not

Factor Frequency of
patients with falls in
systolic BP >20
mmHg
n(%)

Frequency of
patients with falls
in systolic BP <20
mmFIg

Co-morbid disease

History of falls/postural hypotension 2 (18)
Cardiac failure 1 (9)'

0

14(16)"

Drugs

Antihypertensives
Antidepressants
Tranquillisers

3 (36)'
1 (9)
1 (9)

13 (15)
4 (5)
2 (2)

Unexplained 54 (62)
This patient was also on antihypertensive medication.

" Eight patients were also on anti-hypertensive medication.

1 Two patients were unable to swallow and had not received their medication at the
time of the study.
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Table 5.22 The association between factors that cause postural hypotension and
falls in mean systolic BP > 20mmHg

Factors associated Falls >20mmHg in Falls <20mmHg in Total
with postural mean systolic BP mean systolic BP
hypotension

Yes 8 33 41

No 3 54 57

Total ~~II 87 98

Fisher's exact test p=0.048

Odds Ratio 4.36 (95% CI 1.08, 17.62)
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Table 5.23 Differences in heart rate between lying on the paretic side and the
non-paretic sides according to baseline stroke characteristics in the 127 patients
who had heart rate taken using the pulse oximeter

Patient
characteristic

n (% ) Mean heart
rate bpm (SE)
lying on the
paretic side

Mean heart rate

bpm (SE) lying
on the non-

paretic side

Total mean
heart rate bpm
(SE)

Sex:
Male
Female

64
63

(50)
(50)

66.17 (2.45)
74.30 (2.55)

67.6 (2.26)
74.14(2.36)

66.88 (2.32)*
74.22 (2.41)

Severity of the
motor deficits:

(MRC motor
grade)
Mild (4)
Moderate (3)
Severe (0-2)

34
31
62

(28)
(24)
(49)

63.90 (3.03)
69.46 (3.62)
76.72 (2.38)

65.18 (2.80)
70.47 (3.35)
76.95 (2.21)

64.56 (2.87)**
70.16 (3.44)
76.93 (2.26)

Side of the
Motor deficit:

Right
Left

65
62

(51)
(49)

71.31 (2.30)
69.14 (2.68)

69.79 (2.13)
71.94 (2.30)

70.56 (2.18)
70.54 (2.54)

Position of Sa02
sensor:

on the paretic arm
on the non-paretic
arm

77
50

(61)
(39)

70.63 (2.16)
69.83 (2.78)

70.98 (2.01)
70.75 (2.57)

70.81 (2.06)
70.29 (2.64)

Total 127 (100) 70.87(1.63) 70.24(1.77) 70.55 (1.67)
SE= standard error

* Male patients had significantly lower mean heart rate that female patients (p=0.03,
unpaired t-test).

** Patients with mild motor deficits had significantly lower mean heart rate than
patients with moderate or severe motor deficits (p<0.05, one-way ANOVA).
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Table 5.24 Comparison of mean heart rate (bpm) between patients who could sit
in a chair (n=65); sit propped-up in bed (but not in a chair) (n=42) and lie
supine (n-22)

Heart rate in the five positions Patients able Patients Patients able
to sit in a (unable to sit to do
chair in a chair) able horizontal

(n = 65) to sit propped- positions
up in bed only

^1"II (n = 22)
Chair:
mean heart rate (SE) 71.7(1.6)
Propped-up in bed:
mean heart rate (SE) 70.2(1.6) 72.3 (1.9)
Supine:
mean heart rate (SE) 68.8(1.8)*f 74.8 (2.6) 75 (6.1)
Lying on the paretic side:
mean heart rate (SE) 68.8 (1.7)*f 72.9 (2.3) 74.1 (6.3)
Lying on the non-paretic side:
mean heart rate (SE) 69.6(1.7)* 74.5 (2.3) 72.7 (5.3)
* Significantly lower than heart rate recorded sitting in the chair (p<0.05, paired t-
test)

f Significantly lower than heart rate recorded sitting propped-up in bed (p<0.05,
paired t-test)

SE = standard error
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Figure 5.1 Block diagram summarising the hardware design

(Piper et al. 1991)
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The DIB is a compact unit containing serial connections from the Kontron 7250 system and the controlling microcomputer.
Often, analogue signals derived from the Kontron are not suitable for direct sampling and require additional conditioning via an
analogue to digital (A/D) converter.

291



Chapter Five

Figure 5.2 The "Monitor/Browser" software designed to collect minute by
minute physiological data from the Kontron

(Howells et al. 1997)
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Figure 5.3 The relative risk (with 95% confidence intervals) of stroke
characteristics in the study sample (n=129) compared to eligible stroke patients
entered in the LSR but not included the study (n=171)
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Figure 5.4 The linear regression relationship between age and mean SaC>2
recorded in side lying positions in 127 stroke patients
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Figure 5.5 Mean arterial oxygen saturation (bars are the upper 95% confidence
intervals) for acute stroke patients with a right (n=65) and left (n=62)
hemiparesis lying on one side then the other

100

I Lying on the right side

□ Lying on the left side

Right hemiparesis (n=65) Left hemiparesis (n=62)

*Sa02 was significantly lower when patients with a right hemiparesis were lying on
their left (non-paretic) side (p=0.001, paired t-test).
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Figure 5.6 Median decrease in absolute mean SaC>2 (IQR) between lying on the
right to lying on the left side (the negative sign indicates a decrease in SaC>2) in
acute stroke patients with a right (n=65) and left hemiparesis (n=62) and young
healthy control subjects (n=12)
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Figure 5.7 The linear regression relationship between age and mean systolic BP
recorded over the entire recording period in 121 acute stroke patients
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Chapter Six

Chapter Six: Does arterial oxygen saturation and blood pressure

change during the feeding of stroke patients?

6.1 Introduction

There is evidence to suggest that stroke patients may be at risk of hypoxaemia or

hypotension on swallowing (see Chapter three). However, there remains uncertainty

regarding:

1. the overall magnitude of change in SaC>2 and BP during and after swallowing

2. whether such falls in Sa02 and/or BP on swallowing are of any clinical relevance.

3. the frequency of hypoxaemia and hypotension.

Previous studies have only measured physiological variables during a swallowing

assessment performed by a speech and language therapist (SLT), either at the bedside

or during videofluoroscopy (Sellars et al. 1998;Smith & Connolly 1998;Collins &

Bakheit 1997;Zaidi et al. 1995) (see Chapter three). However, these tests are

somewhat artificial and provide only information at that particular point in time,

whereas swallowing problems may fluctuate over time (Zaidi et al. 1995). The

ability to swallow safely immediately after stroke may also depend on an

intervention (Farrel & O'Neil 1999). For example, some patients classified as "safe

to feed orally", may require a modified diet (soft or pureed) and/or thickened fluids

(Scottish Intercollegiate Guidelines Network (SIGN) 1998). Others with severe

motor deficits, sensory or cognitive problems, may require feeding by a nurse.
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Furthermore, during the early days of an acute stroke, a patient's neurological

condition may deteriorate further affecting their ability to swallow (Smithard et al.

1997). Thus the ability to swallow may change daily, but this may go unnoticed if

the patient was originally assessed as "safe to eat a normal diet", i.e. further

observation of swallowing ability often ceases.

The aim of this observational study was to record SaC>2, BP and heart rate at different

stages and in patients with different degree of swallowing ability in the acute phase

of stroke. This included taking measurements before, during and after: 1) SLT

bedside assessment, in which the patients were classified as either safe or unsafe to

feed orally; 2) eating a daily meal on the ward in those patients considered safe to

feed orally; and 3) feeding tube insertion in those patients considered unsafe.

6.2 Methods

6.2.1 Inclusion ofpatients

Between the study period (1 October 1996 to 30 August 1998) all consecutive

hospital admissions with an acute stroke were considered eligible for the study if

they met the following inclusion criteria:

• first or recurrent ischaemic or haemorrhagic stroke

• male and female patients more than 16 years old (no upper age limit)

• agreed to participate
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Patients were excluded from the study if:

• they had a subarachnoid haemorrhage

• their disease was terminal and no feeding intervention was to be taken

• further investigation later showed that the patient did not have a stroke

• they were uncooperative during the observation period making it difficult to

obtain reliable physiological data

• they, or their relatives, refused consent to participate

The original protocol for the swallowing study stated that the observations must be

taken within seven days of stroke onset. However, some patients remained

extremely drowsy for more than seven days, so the SLT was unable to perform a

reliable swallowing assessment until their conscious level had improved.

Furthermore, during the study period percutaneous endoscopic gastrostomy (PEG)

feeding tubes were never inserted within the first seven days of stroke onset.

Therefore, in order to observe physiological variables during the natural course of the

patient's illness, some were included more than seven days from stroke onset.

Methods for identification of eligible patients, collection of patients demographic

data (LSR), ethics and consent procedures were as described previously for the

positioning study (see Chapter five, sections 5.2.2 to 5.2.6).
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6.2.2 Sample size

i) Arterial oxygen saturation. It was calculated that, given that the standard

deviation of the fall in absolute arterial oxygen saturation after swallowing was 3%

(Zaidi et al. 1995), 30 subjects would be needed to detect a within group change in

absolute mean SaC>2 of 3% with a power of 0.95 at the 5% significance level

(Campbell et al. 1995).

ii) Blood pressure. The standard deviation of the fall in BP after eating was

approximately 20mmHg (Robinson & Potter 1995;Farnsworth & Heseltine 1994),

therefore 27 subjects would be needed to detect a within group postprandial systolic

BP change of 20mmHg with a power of 0.95 at the 5% level (Campbell et al. 1995).

6.2.3 Control subjects

A group of elderly hospitalised patients and young healthy subjects were recruited to

investigate whether the magnitude of change in SaC>2, BP and heart rate during and

after eating a daily meal was related to ageing rather than stroke. The elderly

hospitalised patients were recruited from three medical receiving wards. These

patients were admitted to hospital either under the care of the geriatricians or general

medical physicians for investigation of various acute medical problems other than

stroke. Elderly patients were excluded if they had previous history of a stroke, TIA,

or swallowing problems. Young healthy subjects with no known medical problems

were recruited from the Department of Clinical Neurosciences.
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6.2.4 Food Trial

During the study period, some patients were also randomised in an ongoing

multicentre randomised controlled trial (RCT), Feed Or Ordinary Diet (FOOD).

Recruitment commenced in November 1996 and will continue until 2002 in order to

randomise 9000 patients. The FOOD trial is a "family" of trials designed to answer

three important questions about the feeding of patients admitted to hospital with an

acute stroke (Dennis 1999):

• Does nutritional supplementation increase the proportion of patients with stroke

who survive without disability?

• Does early initiation of feeding via a nasogastric (NG) or PEG tube in patients

who are unable to take adequate diet orally increase the proportion of patients

with stroke who survive without disability?

• Is feeding via a PEG tube instead of a traditional NG tube associated with

improved outcomes after stroke?

The trial design is included in the FOOD trial protocol (International Stroke Trials

Collaboration 1998). All patients admitted to hospital with a stroke (ischaemic or

haemorrhagic but excluding subarachnoid haemorrhage) within seven days of onset

are eligible for the trial.
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6.2.5 Equipment

Kontron multi-modal monitoring device was used to measure SaC>2, BP and heart

rate before during and after the intervention (SLT bedside swallowing assessment,

eating a daily meal, and feeding tube insertion). Data were collected and saved on a

microcomputer using the 'Monitor' system. Detailed description of the equipment

and data collection system were as described previously in Chapter five (section

5.2.8).

It is important to note that the finger cuffwas not used at all during this study. This

was because BP readings from the finger were unreliable if patients used that hand to

feed themselves.

6.2.6 Intervention

The guidelines on swallowing management of stroke patients admitted to the

Western General Hospital have been published by the Scottish Intercollegiate

Guidelines Network (SIGN) (Scottish Intercollegiate Guidelines Network (SIGN)

1998). The first decision on whether patients with an acute stroke are "safe to

swallow" usually rests with a nurse or doctor on admission. Those patients with a

low probability of swallowing problems, i.e. good conscious level, normal voluntary

cough and absence of cough on swallowing 5mls of water, are often considered

"safe" to swallow and are allowed to eat a normal diet. Patients with a poor

conscious level, obvious signs of choking, poor respiratory status or severe

hemispheric or brainstem strokes usually remain "Nil by Mouth" and are referred to

the SLT.
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Within one working day of the referral, the SLT observes the patient and decides

whether it is appropriate to perform a bedside swallowing assessment (Figure 6.1). If

able, a thorough orofacial examination is performed. This involves examining the

structure, function and sensitivity of the face, hps, palate and larynx including

reflexes. Any problems highlighted by either the physical examination or the

preceding history may make the bedside swallowing test unnecessary or unsafe.

Problems the SLT should note include: recent and continuous aspiration; presence of

severe dysarthria; cognitive impairment; respiratory compromise; or dysphonia,

particularly "wet" hoarseness. Findings of a severely impaired cough reflex (the

final protective mechanism against aspiration), vocal fold paralysis and excessive

retention of debris and salvia are all relative contraindications to the performance of

bedside swallowing tests.

The swallowing test itself involves observing how patients cope with different

amounts and consistencies of food, such as:

• 5mls, lOmls of a water based semi-solid (e.g. jelly)

• 2mls, 5mls, lOmls and unregulated amounts ofwater

• a solid (e.g. digestive biscuit).

It is important to be aware that acute stroke patients are diversely impaired, thus

strictly identical bedside swallowing assessments are difficult to perform.
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Patients classified as safe to feed orally were allowed to eat either a normal or

dysphagic (modification of food consistencies) diet (see Appendix 8). Some patients

able to take oral diet also required non-oral supplements (intravenous infusion or

tube feeding) to maintain adequate nutrition. Many acute stroke patients, particularly

those with hemiparesis or poor sensation often required to be fed or at least

supervised by a nurse during feeding. Others were taught by the SLT to use

compensatory mechanisms such as using the tongue to feel for food that is

"squirreled" away in cheeks, or tucking in the chin prior to swallowing. All ate their

meal while either sitting in a chair or propped-up in bed.

6.2.6.3 Insertion ofthefeeding tube

Patients classified as unsafe to orally feed were given artificial nutritional support if

they were not in a terminal state. The majority of acute stroke patients were tube fed

via:

1. Nasogastric (NG) tube, which was inserted by a trained nurse. All patients were

advised that insertion would be easier and quicker if they relaxed, breathed deeply

through their mouth and swallow when instructed to do so. All patients in the study

had a fine bore tube inserted. This was made of plastic and has guide-wire so that it

is stiffer and less likely to curl up on insertion. The nurse always measured the

distance from the patient's ear lobe to the bridge of their nose and from this point to

the xiphoid process in order to estimates the length of tube required to reach the

stomach. The tube was then lubricated with a water-soluble jelly to ease insertion

305



Chapter Six

into the stomach. Throughout the procedure, patients were either sitting up in bed or

in a chair. The patient's head was hyper-extended during the initial introduction of

the tube and then was slightly flexed to a more natural position for swallowing. The

tube was then gently passed as the patient swallowed so as to reduce the risk of the

tube curling up in the pharynx and causing gagging. If resistance was met, the tube

was rotated slowly and directed back and down. To make sure the tube was in the

stomach, a syringe was attached to aspirate a small amount of gastric content or 5-

15mls of air was injected into the tube while listening over the stomach for the air

entry. When the tube was in the desired position it was then secured to the patient's

face with narrow strips of non-allergenic adhesive. A chest xray was usually

performed prior to feeding in order to confirm that the tube was in the stomach.

2. Gastrostomy tubes were inserted endoscopically, hence the name percutaneous

endoscopic gastrostomy (PEG) tube. Prior to entering theatre the patients were given

intravenous injections of a pre-med sedative (midazolam 5 ml) and if required,

analgesia (pethidine 50mgs). Throughout the procedure the patients received two

litres of oxygen via nasal prongs (Pendlebury & Ghosh 1997). The procedure was

performed by a minimum of two operators (physicians) and two endoscopy nurses.

As the procedure was done with the patient on their back it was mandatory to have

effective mouth suction available. The first operator, the endoscopist, passed the

endoscope via the mouth into the stomach. The endoscopist then inflated the

stomach to allow the anterior wall of the stomach to meet the anterior abdominal

wall. The best site of the proposed gastrostomy was identified by either

transillumination from within by the endoscope or by digital compression of the

anterior abdominal wall by the assistant. The endoscopist would then guide the
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assistant to the ideal site (usually about 2cm below the left costal margin and 2cm for

the midline). When the site was chosen, it was marked carefully by a small

indentation. The assistant, who was scrubbed up and wore a sterile gown and gloves,

cleaned the skin. The assistant then anaesthetised the area with local anaesthetic

(xyclocaine 2%). The infdtrated entry site was then incised with a scalpel, the

diameter of the incision depending on the PEG tube used. The assistant passed the

cannula through the skin into the stomach. The plastic outer sheath of the cannula

was passed up to its hilt into the stomach and the inner needle removed. A valve was

then placed at the end of the cannula sheath to prevent air escaping and thereby

ensuring that the stomach remained inflated. A thread was passed through the valve

and cannula sheath into the gastric lumen and this thread was grasped by the

endoscopist using forceps and drawn through the mouth by the removing endoscope.

The assistant held on to the other end of the thread. The thread was removed from

the forceps and the endoscopist tied the PEG tube to the thread; the assistant then

pulled the PEG through the mouth into the stomach and back out through the

abdominal wall. The endoscope was reinserted to check the position of the PEG. A

clip with a firm grip then secured the PEG. Lastly, the thread was cut off and a luer

lock adapter was attached to the external end of the gastrostomy tube in order to

allow feeding.

6.2.7Procedure

Recordings of SaC>2, BP and heart rate were measured during breakfast, lunch or

evening meal which were served at the patients' bedside. No attempt was made to

standardise the meal for nutritional composition or caloric content, nor was the
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patient required to complete the meal within a certain time period. All observations,

except PEG tube insertion, took place at the patients' bedside on the admitting ward.

Recordings were taken immediately before and after PEG tube insertion in

endoscopy theatres. Finger sites were cleaned and warmed prior to placing the SaC>2

sensor on the middle finger, randomised either to the paretic or non-paretic arm.

Random allocation of the sensor was not always possible, particularly if patients

could feed themselves using the non-paretic hand. In such cases the finger sensor

was placed on the paretic or non-dominant hand (if the patient had no motor deficits),

as this provided the greatest chance of reliable recordings. The BP arm cuff was

always placed on the opposite arm from the pulse oximeter sensor. The methods of

calibration of the SaC>2 and BP monitoring equipment were as previously described

(section 5.2.9).

At baseline prior to swallowing or the tube insertion procedure, SaC>2 and heart rate

were measured continually and three blood pressure readings were taken

automatically at five minute intervals (0, 5 and 10 minutes). Recordings were taken

throughout the study intervention: 1) SLT bedside swallowing assessment; 2) eating

a daily meal on the ward; or 3) feeding tube insertion. Patients could be observed

during one or more of the interventions depending on whether their ability to

swallow had altered over the first seven days of their stroke. Recordings continued

to be taken for at least 10 minutes after the conclusion of the intervention. Patients

were observed throughout the study period so that reasons for any discrepancies

during the recording period could be identified.
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6.2.8 Data management

Data files were screened as described previously in Chapter five (section 5.2.10).

These data were then transferred to dbase IV (dbf) file that was used to calculate:

• mean SaC>2, BP and heart rate at baseline, during and after the intervention

• mean minimum (lowest recorded value) SaC>2 at baseline, during and after the

intervention

• the duration of any SaC>2 recorded at 90% or below.

This database was then merged with patients baseline demographic data from the

LSR and data recorded from the patients medical notes at the time of the study

(Appendix 6).

6.2.9 Statistical techniques and comparisons

All data analyses were performed using SPSS for Windows program (version 7.5.1,

SPSS Inc. 1996) (section 5.2.11). Differences in mean SaC>2, minimum SaC>2, BP,

and heart rate were calculated in relation to:

• recordings at baseline versus those during intervention

• recordings at baseline versus those after the intervention

The number of subjects who had a clinically relevant change in:
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• a reduction in Sa02 of 3% or more (i.e. significant periods of desaturation)

• an Sa02 of 90% or less (i.e. the duration that the patient was considered clinically

hypoxic)

• a change in systolic BP ofmore than 20mmHg

6.3 Results

A total of 145 patients had Sa02, BP and heart rate recorded during either a

swallowing assessment, eating a daily meal, or feeding tube insertion. Five patients

were excluded because they did not have a stroke: two had seizures; two had TIAs;

and one patient who previously had a stroke was admitted to hospital with a urinary

infection which made their existing stroke appear much worse. Reliable Sa02 and

BP measurements were unobtainable in a further six patients (poor peripheral

perfusion, n=l; Raynaud's disease, n=l; agitated, n=2; and equipment failure=2)

who were also excluded. Therefore, a total of 134/145 (92%) stroke patients were

included in the analyses.

6.3.1 Characteristics ofthe includedpatients

i) Baseline patient assessment included demographic data and functional status prior

to the stroke (Table 6.1). The study included 72 male and 62 female patients, the

majority of whom were between 51 and 90 years old (n=134, 90%). Ninety-five

(71%) patients were independent prior to the stroke.
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ii) The patients' past medical history (Table 6.2) indicated that 57 (43%) of the

sample had hypertension, 53 of whom were on antihypertensive medication, prior to

the stroke. Over a third of patients had peripheral vascular disease and were

breathless walking on an incline (n=45, 34% and n=51, 38%, respectively). There

were significantly more male than female patients who: had a previous stroke with

residual disability (18% versus 6%); were ex-smokers (44% versus 24%); and drank

more than two units of alcohol daily (25% versus 2%) (all p<0.05, Chi-square).

iii) History of the stroke (Table 6.3). Of the 134 included patients: 32 (24%) had a

TACS; 61 (45%) PACS; 22 (16%) LACS; 16 (13%) POCS; and three (3%) were not

classified. The majority of patients had an infarct (n=116, 87%) and hemiplegia

(103, 77%). Of those that had motor deficits (107/134, 80%): 32 (24%) had a mild,

26 (19%) had a moderate and 49 (37%) had severe weakness. Eighty-two (61%)

patients also had facial weakness. At the time of the medical examination by the

physician responsible for the LSR: 45 (34%) were unable to sit independently; 59

(44%) had abnormal swallowing; 85 (63%) had dysarthria and/or dysphasia; and 58

(43%) were drowsy.

At the time of the study, significantly more female than male patients had an

irregular pulse (n=20 versus n=12, p=0.035 Chi-square). Also more male (n=19,

26%) than female (n=12, 19%) patients had breathing problems, but this difference

was not statistically significant. Of these, six male and four female patients required

supplementary oxygen therapy. There were similar numbers of male and female

patients for all other stroke characteristics.
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iv) BP on admission to hospital was more than 160mmHg systolic and 90mmHg

diastolic in 46% and 60% of the sample respectively (Table 6.3). There were no

significant differences in systolic and diastolic BP between male and female patients.

Patients with a history ofhypertension (n=57) had a statistically higher mean systolic

and diastolic BP compared to those without hypertension (176/98mmHg versus

156/89mmHg, both p<0.01, unpaired t-test). Furthermore, 16 patients who had an

intra-cerebral haemorrhage had a significantly higher systolic, but not diastolic, BP

than those with an infarct (185mmHg, SE 7.39 versus 162mmHg, SE 2.88, p=0.006,

unpaired t-test).

Of the 53 patients on antihypertensive medication prior to the hospital admission, 16

had it stopped on admission, 12 of whom were unable to swallow. One patient not

previously on antihypertensive medication had it started on admission to hospital. Of

the 38 patients on antihypertensive treatment at the time of the study, 12 were on

Beta Blockers (side effects include peripheral vasoconstriction, which might impair

Sa02 and BP readings). The remaining 26 were on drugs for other indications but

with known antihypertensive properties (e.g. angiotensin converting enzyme

inhibitors, calcium antagonists and thiazide diuretics, which do not cause peripheral

vasoconstriction).

v) The physician responsible for collecting baseline demographic data for the LSR

attempted to predict outcome at one year after the stroke using the Oxford Handicap

Scale (OHS). Seventy-one (53%) of the included patients were predicted to have

significant restrictions to their lifestyle (OHS 3-5) and 16 (2%) were predicted to be

dead (OHS 6) (see Table 6.3). However, significantly more patients died within six
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months of their stroke than the physician predicted (n=29, p<0.001, Fisher's exact

test). Each of the OHS categories included similar numbers of male and female

patients.

6.3.2 Howpatients' swallowing ability was categorised

The patients' ability to swallow on admission is detailed in Figure 6.2. Of the 134

stroke patients studied, 51 (38%) were considered by the admitting physician or ward

nurse to be sufficiently safe to take food orally. The remaining 83 (62%) patients

were considered unsafe and were referred for a full clinical swallowing assessment

performed by the SLT. The SLT classified 35/83 (42%) of the patients as unsafe and

48/83 (58%) as safe to feed orally.

Of the 35 patients classified as unsafe, 19 had a NG feeding tube inserted and 16

received parenteral fluids for the first seven days of their swallowing problems. Nine

of these (26%) regained their ability to swallow safely within seven days or less after

the first SLT test. Therefore, a total of 108 patients were classified as safe to

swallow. However, nine (8%) of these patients were unable to meet nutritional needs

sufficiently and required additional feeding either via a NG (n=8) or PEG feeding

tube (n=l). Six patients with swallowing problems, who were given parenteral fluids

during the first seven days of their admission to hospital, had a PEG feeding tube

inserted as their swallowing problems had not rectified within one week.

A proportion of patients had their SaC>2, BP and heart rate recorded during one or

more of the categories of swallowing ability, as follows:
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• SLT bedside swallowing assessment (n=34/83, 41%)

• Eating and drinking a daily meal on the ward (n=106/108, 98%)

• insertion of a feeding tube, PEG or NG (n=19/27, 70%)

6.3.3 Patients who were randomised in the FOOD trial

During the study period, a total of 96 stroke patients were randomised into the FOOD

trial, 52 of whom were included in this study (see Figure 6.3). The fact that the

equipment was required for another study (positioning study) on a different patient

was the single most important reason for excluding patients (30/44, 68%)

randomised in the FOOD trial (see Table 6.4). Of the 52/134 (39%) study patients,

22 were classified as "safe to orally feed"; 11 were randomised to normal hospital

diet, whereas the other 11 were randomised to normal diet plus nutritional

supplementation (see Figure 6.3). The other 30 patients were classified as "unsafe to

orally feed" and were randomised either to immediate parenteral (intravenous or

subcutaneous) fluids (n=12), feeding via a NG tube (n=T7) or a PEG tube (n=l). Ten

patients who were initially unable to swallow safely were randomised for a second

time, seven days after the first randomisation (see Figure 6.3). Seven of these

patients were classified as safe to eat normal hospital diet and were randomised

between having nutritional supplements (n=3) or not (n=4). Three patients who were

initially randomised to immediate parenteral fluids and remained unsafe to feed

orally seven days after the first randomisation, were randomised for a second time

between insertion ofNG (n=l) or PEG (n=2) feeding tubes.
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6.3.4 Delays between stroke onset and admission/assessment by the stroke

physician/study day

The median delay from stroke onset to hospital admission was seven hours (range

0.5.to 201 hours). Seventy-six (57%) patients were admitted to hospital on the same

day as their stroke. One patient, who had been on holiday, was admitted to hospital

eight days after the onset of her stroke. This patient was included in the study

because her maximum deficit was recorded on the day of admission therefore it was

unclear if this was a new event or an extension of the original stroke. Six patients

had their stroke 36 hours to 7 days after admission to hospital for: investigation of

frequent TIAs (n=l), gastro-intestinal problems (n=2), surgical procedures (n=2) and

control of newly diagnosed diabetes (n=l). The stroke physician examined 51% of

these patients within 24 hours, 81% within three days, and the rest within seven days

of hospital admission. The median delay between stroke onset and the study day

depended on whether recordings were taken during the SLT swallowing assessment,

eating a daily meal on the ward, or during NG/PEG feeding tube insertion:

1. The SLT swallowing assessment. Patients (n=34) who had recordings taken

during the swallowing assessment were observed within a median delay of 73 hours

(maximum=384 hours) from stroke onset. Three patients were too drowsy for the

SLT to perform a bedside assessment within seven days of stroke onset and therefore

had the test performed after this time (range 8 to 16 days).

2. Eating a daily meal. Patients who had recordings taken while eating a daily meal

on the ward were observed within a median delay of 72 hours (range 1 to 12 days)
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from stroke onset. Four patients were observed more than seven days from stroke

onset (range 8 to 12 days). Two of these had fluctuating swallowing problems so

that they required supplementary feeding via a NG tube or parenteral fluids. The

other two patients were admitted to hospital more than one week after the event.

3. NG/PEG tube insertion. There were large variations in the time delay between

stroke onset and tube insertion. In the 14 patients who had recordings taken during

NG tube insertion, the median delay from stroke onset was 4 days (range 48 to 312

hours). Two patients had the NG tube inserted more than seven days from stroke

onset. One of these patients was randomised for a second time in the FOOD trial,

seven days after the first randomisation to parenteral fluids. The other patient's

condition deteriorated so that he was no longer able to swallow safely. The six

patients who had recordings taken before and after PEG tube insertion had the

procedure performed more than two weeks (range 15 to 49 days) after their stroke.

6.3.5 Physiological responses during the SLT swallowing assessment

Patients who had a swallowing assessment performed by the SLT were compared to

those who did not (see Table 6.5). There was a higher percentage of male patients

who had the swallowing assessment performed by the SLT (59%) than those who did

not (45%), but this difference was not statistically significant. Patients who had a

swallowing assessment were also three years older (median=73.6, range 17 to 98)

than those who did not (median=70.4, range 32 to 92) (p=0.079, Mann-Whitney).

Significantly more patients who had the swallowing assessment than those who did

not were dependent on others (OHS 3-5) prior to the stroke (p=0.02, Chi-square). As
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would be expected, significantly more patients who had a swallowing assessment

had: a TACS; severe motor deficits (MRC grade < 2); drowsiness on admission to

hospital; speech problems; and were dead or dependent six months after the event

(all p<0.01, Chi-square, see Table 6.5). However, most of the odd-ratios had wide

95% confidence intervals, probably because of the small sample size (Table 6.5).

The 31 patients who had breathing problems, ten of whom were on oxygen therapy,

all had a bedside swallowing assessment performed by SLT.

Of the 83 patients who had a SLT swallowing assessment, only 34 (41%) had Sa02,

BP and heart rate recorded before, during and after the test (see Figure 6.2). There

were no significant differences in the patients' characteristics between those who had

these measurements taken and those who did not. Reasons why 49 (59%) patients

were not included in this part of the study are presented in Table 6.6. By far the

largest factor affecting 29/49 (59%) patients was that this study was discontinued

eight months prior to the intended end point. This was because of poor recruitment

as the equipment had to be available at a moment's notice, whereas often it was

already in use for another study, e.g. the positioning study. Limitations on the SLT's

time also meant it was difficult to get an adequate number of baseline recordings.

The SLT performed the swallowing assessment when the patient was in the sitting

position, either in a chair (n=24, 76%) or propped up in bed (n=8, 24%). Only one of

these patients did not have any motor deficits. Of those that did have a hemiparesis,

20/33 (61%) had the sensor situated on the middle finger of the paretic side, i.e. there

was a bias towards placing the sensor on paretic side. This was because the SLT

encouraged some of the patients to use their non-paretic hand to bring the food up to
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their mouth. Placing the sensor on the paretic hand reduced motion artefact and

improved the reliability of the SaC>2 readings. Also six (18%) of the patients refused

to have their BP taken using the arm cuff because they found it too uncomfortable.

Of the 28 patients who agreed to have BP measured using the arm cuff, 10 had it

measured on the paretic and 18 on the non-paretic side, which was on the opposite

side from the Sa02 sensor.

The SLT classified the 34 patients according to whether they were safe to swallow or

not. Seventeen (50%) patients were classified as "unsafe" to feed orally: nine had

clinical signs of aspiration (e.g. coughing, choking, poor voice quality) with various

food consistencies and/or fluids; five were too drowsy at the time of the assessment;

and three had poor co-ordination of their breathing and swallowing. Eight of these

patients were considered safe to feed orally within seven days of their stroke. Of the

17 patients classified as "safe" to feed orally, only four were considered safe enough

to consume a normal diet and normal fluids. The other 13 were commenced on a

dysphagic (soft, n=8; or pureed, n=5) diet, 12 of whom required to be supervised by

a trained nurse. Eight of the patients on a dysphagic diet were also aspirating when

drinking fluids. In order to ensure that these patients were swallowing safely: five

were allowed normal fluids under nurse supervision only, two required all fluids to

be thickened, and one was not allowed to consume any fluids at all. The swallowing

ability of four of the patients on dysphagic diet deteriorated so that they were no

longer able to meet nutritional needs sufficiently. Thus they were given additional

feeding via a feeding tube (1 PEG and 3 NG).
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6.3.5.1 Arterial oxygen saturation before, during and after the SLT assessment

Median SaO?

Non-parametric statistics were performed because the Sa02 recorded before, during

and after the SLT test did not conform to a normal distribution and could not be

easily transformed using natural logarithms. The median baseline SaC>2 for all 34

patients was 95.6 (IQR 3.53, range 89.6 and 98.8), regardless of whether the sensor

was on the paretic (n=20) or the non-paretic (n=13) side (see Table 6.7). Median

baseline SaC>2 was slightly higher in the 17 patients who were classified as unsafe to

feed orally compared to those who were considered safe (96.1% versus 95.4%)

following the SLT assessment. This was most likely due to the fact that six of the

seven patients on supplementary oxygen during the SLT swallowing assessment

were classified as unsafe to orally feed. Not surprisingly, all seven of these patients

had a higher SaC>2 (median=96.2, IQR 1.70, range 91.6 to 97.8) than those who were

not on supplementary oxygen therapy (n=27, median=95.5, IQR 3.5, range 89.6 to

98.8) (see Table 6.7). None of these differences were statistically significant. Only

one of these patients had a mean baseline Sa02 that was lower than 90%, i.e. the

patient had a moderate degree of hypoxaemia prior to swallowing. This patient was

one of 19 who had a chest infection.

The median Sa02 for the entire group during the test was above 95% saturation

(IQR=3.45, range 89.6 to 99.1) (see Table 6.7). The overall decrease in Sa02 was

small, i.e. the absolute difference between Sa02 recorded at baseline and during the

test was less than 1%, and not statistically significant (p=0.15, Wilcoxon). There
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were no statistically significant differences between baseline and Sa02 measurements

taken during the test either in patients who were considered safe (median difference

in absolute SaO2=0%, IQR=1.7%, range -1.6% to 4.9%) or unsafe (median

difference in absolute SaO2=0.4%, IQR=2.8%, range -1.6% to 3.4%) to feed orally

after the SLT test. The largest median fall in SaC>2 during the test compared to

baseline values occurred in the seven patients who were on oxygen therapy

(median=1.7, IQR=2.6, range -1.6 to 3.4), but this difference was not quite

statistically significant (p=0.063, Wilcoxon). This was probably due to the oxygen

mask and/or nasal prongs being dislodged during the test.

There was a subgroup of patients 5/34 (15%) that had a mean decrease in SaCL of

3% or more from baseline to during the SLT test (see Table 6.8). All five patients

had cortical infarcts: two TACIs and three PACIs. Two of these patients were

considered safe to feed orally. However, one of these patients later aspirated while

drinking water and had an NG feeding tube inserted in order to protect their airway

and meet nutritional needs. Three of the five patients had breathing difficulties, two

ofwhom required supplementary oxygen therapy.

In all 34 patients the median Sa02 recorded over a maximum period of 10 minutes

after the SLT test was similar to baseline median values (see Table 6.7). The 17

patients who were considered unsafe to swallow after the SLT assessment did

however, have a median SaC>2 that was slightly lower (95.6, IQR 2.65) than baseline

values (96.1, IQR 1.97), but this difference was not statistically significant (see Table

6.7).
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Minimum SaCb

There were large variations from one patient to another in the time required to

complete the SLT test. The median duration of the test was seven minutes (range 2

to 18 minutes). The median length of time it took to complete the swallowing

assessment was shorter in patients considered unsafe to orally feed (median=8

minutes, range 2 to 18 minutes), than those considered safe (median=10.5 minutes,

range 4 to 15 minutes), but this difference was not statistically significant. It is

important to note that such time differences in the length of the SLT test may have an

effect on the median test desaturation. For example patients who had a longer SLT

assessment, short periods of substantial desaturation would have little effect on the

median test desaturation. Therefore, it was meaningful to investigate the maximal

desaturation, i.e. the lowest SaC>2 value during the test (hereafter referred to as the

minimum SaCh).

In all 34 patients, the median minimum SaC>2 during the test was 94% (IQR 6.25%,

range 85% to 98%), which was lower than the minimum baseline SaC>2

(median=95%, IQR 3.50%, range 84% to 98%) (see Table 6.9). This difference was

not however, statistically significant. The magnitude of change in absolute minimum

SaC>2 of 1% was similar in patients, regardless ofwhether they were classified as safe

to feed orally or not, or whether they required oxygen therapy or not (see Table 6.9).

There was a subgroup of patients (8/34, 24%) who underwent a 3% or more decrease

in SaC>2 (see Table 6.10). In this group, the average mean minimum SaC>2 during the

SLT test was 89% and the maximum desaturation was as great as 10%. Surprisingly,
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the patient with the largest fall in SaC>2 was classified by the SLT as "safe to

consume normal diet and free fluids"

Duration ofperiods of significant desaturation

Although, there was a substantial amount of individual variability in the SaC>2

measured during the SLT test, very few patients had clinically significant falls in

SaC>2 (that is Sa02 of 90% or less) on swallowing. In fact, 25 (74%) of the patients

did not experience any periods of significant desaturation before, during or after the

SLT test. Of the nine (26%) patients who did, two spent virtually all of the recording

period below this level with no apparent changes with individual swallows. None of

the remaining seven patients experienced periods of desaturation lasting more than

one minute at baseline. Two of these patients experienced episodes of desaturation

lasting less than one minute during the test. In both cases these episodes of

desaturation did not correspond to a swallow. The other five patients had episodes of

desaturation that occurred for 20% to 83% of the total time of the test.

Representative tracings for the five individuals are shown in Figure 6.4 and will be

described in turn:

a) The first tracing shows SaC>2 recordings taken in a 79 year old gentleman with a

left PACS and severe motor deficit affecting his right side (see Figure 6.4a). The

SaC>2 sensor was placed on the patients middle finger on the paretic (right) side. The

tracing shows that the mean baseline SaC>2 was 97% fluctuating between 94% to

98%. During the test the mean SaC>2 decreased to 94% fluctuating between 88% to

94%. Interestingly after each swallow, Sa02 dipped below 90%, but often recovered
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to levels of 90% or above within one minute. After the test when the patient was no

longer swallowing, the mean SaC>2 recovered back towards baseline values, but

continued to fluctuate between 92% to 98%. The SLT, who was blind to the SaC>2

recordings, classified this patient as unsafe to feed orally.

b) The second tracing shows Sa02 recordings taken in a 80 year old women with an

infarct in the brainstem (see Figure 6.4b). The patient had only a mild weakness to

her left arm. The SaC>2 sensor was randomised to the patient's non-paretic (right)

side. Throughout the study the patient complained of nausea and was extremely

agitated, particularly when the BP arm cuff was inflated. The mean baseline SaC>2

was 93%, but decreased to 88% at the same time as the BP was recorded on the

opposite arm. During the test SaC>2 recordings fell gradually, but this did not

correspond with individual swallows. A minimum SaC>2 of 88% was observed when

the patient was touching the SaC>2 sensor, even though she had been instructed not

too. After the SLT test SaC>2 abruptly returned to baseline values. The SLT

classified this patient as safe to eat and drink normal diet and thin fluids.

c) The third tracing shows SaC>2 recordings taken in a 48 year old man with a large

left cortical infarct (TACI) and a severe right hemiparesis. The SaC>2 sensor was

placed on the paretic (right) hand, which was cold to touch. This made it difficult to

get a stable baseline SaC>2 trace (see Figure 6.4c). Mean baseline SaC>2 was 96%, but

decreased to 91% during the test. The patient did not desaturate when swallowing a

semi-solid (e.g. jelly). On swallowing water however, Sa02 decreased to below 90%

saturation, but recovered within one minute after each swallow. The patient also

visibly aspirated (coughing, choking) when sipping the water. Surprisingly when the
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patient coughed SaC>2 increased, however, this was an exception because in other

cases coughing rarely corresponded to a change in the SaC>2. On the basis of the

clinical assessment and not the Sa02 recordings, the SLT started the patient on a soft

diet and thickened fluids under supervision.

d) The fourth patient was a 66 year old gentleman with a left TACI and severe right

motor deficits. This patient had a recent bowel resection due to rectal cancer and

also had a history of respiratory problems. At the time of the swallowing assessment

the patient was on oxygen therapy, but this was removed prior to the baseline

recordings. The patient also had a fluctuating conscious level and it was difficult to

get him to follow commands. The SaC>2 sensor was placed on the non-paretic (left)

hand. The baseline SaC>2 recordings ranged from 90 to 92% (without oxygen therapy)

(see Figure 6.4d). During the test the patient was given small amounts of water

(approximately 5mls), which disappeared without the patient swallowing. This

coincided with a fall in SaC>2 from 93% to 90% that lasted for approximately two

minutes. The SLT discontinued the swallowing test because of the patient's poor

conscious level. The patient therefore, remained "nil by mouth" and was randomised

in the FOOD trial to immediate parenteral fluids.

e) The last tracing shows Sa02 recordings taken from a 85 year old gentleman who

was admitted to hospital for emergency surgery for bowel obstruction (see Figure

6.3e). Three days after surgery the patient became unresponsive and developed

severe left sided hemiparesis (MRC motor grade=0 power). The patient was

classified as having a TACS using the OCSP classification. The patient's conscious

level improved after three days and the SLT was contacted to perform a swallowing

324



Chapter Six

assessment at the bedside. On the day of the SLT assessment the patient was

receiving two litres of oxygen via nasal prongs. The Sa02 sensor was randomised to

the patient's non-paretic (right) hand. Mean baseline Sa02 was 97% and decreased

to 93.1% during the test. However, there was no association with desaturation and

swallowing. The gradual fall in Sa02 during the test did however, correspond to

poor delivery of oxygen via the nasal prongs during the test (see Figure 6.4e). The

SLT concluded that this patient had poor oral-facial control and no swallowing

movements. Therefore, the patient remained "nil by mouth" and was fed via a NG

feeding tube, which had already been inserted post surgery.

6.3.5.2 Bloodpressure before, during and after the SLT assessment

Blood pressure data did conform to a normal distribution, therefore, parametric

statistics (paired and unpaired t-tests, ANOVA) were performed. Twenty-eight

(82%) patients, 13 males and 15 females, had their BP recorded before the SLT test.

Baseline systolic BP was 167.4mmHg (SE 4.81, range 119 to 216mmHg) and

diastolic 86.9mmHg (SE 3.11, range 51 to 139mmHg) (see Table 6.11). Sixteen

(57%) of these patients had systolic BP greater than 160mmHg. There were no

significant differences in BP according to sex or whether the BP arm cuff was

situated on the paretic or non-paretic side. There was also no statistically significant

association between baseline BP and age.

Of the 28 patients who had BP recorded before the test, only 20 (71%) had

measurements taken during the SLT test. The mean systolic BP increased (mean

increase from baseline=3.35mmHg, SE 3.83, 95%CI -4.66 to 11.36, p=0.39, paired t-
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test) and diastolic BP increased (mean increase from baseline=7mmHg, SE 3.70,

95%CI -0.14 to 15.34mmHg, p=0.54, paired t-test) (see Table 6.11). It is important

to be aware that the time it took to complete the test was different from one patient to

another, e.g. the test lasted less than: five minutes for 10 patients; 10 minutes for

eight patients; and 15 minutes for two patients. Therefore, half the sample only had a

single BP measurement taken during the test because of the five minute delay period

between consecutive arm cuff BP measurements (see section 4.4.3). A single BP

measurement taken during the test has a greater variance than the average of three

BP measurements taken before and after the test. This makes it difficult to detect

statistically significant "real" differences between baseline BP and recordings taken

during the test.

In all 28 patients, there were no significant differences between the average baseline

diastolic and mean BP measurements and those recorded for the 10 minutes after the

test (see Table 6.11). There was however a significant decrease from baseline in

systolic BP measurements recorded after the test of 4.68mmHg (SE 2.08, 95%CI

0.42 to 8.94mmHg, p=0.033, paired t-test) (see Table 6.11). The magnitude of this

difference was similar both in patients who were classified by the SLT as safe and

unsafe to feed orally. However, this difference was no longer statistically significant

because, of the small numbers in each of the subgroups (i.e. 17 patients in each

group).
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6.3.5.3 Heart rate before, during and after the SLT assessment

Heart rate measurements recorded before, during and after the SLT swallowing

assessment conformed to a normal distribution, therefore parametric statistics were

performed. In all 34 subjects heart rate recorded at baseline was 77.9bpm (SE 2.71,

range 54 to 113bpm) (see Table 6.12). Patients who were considered by the SLT as

unsafe to swallow had a higher baseline heart rate by 7bpm (SE 5.36, 95%CI -3.6 to

18.0bpm) than those who were considered safe to swallow. During the SLT test

there was a non-significant increase in heart rate of about 3bpm, regardless of

whether the patient was considered safe to feed orally or not or whether they required

oxygen therapy or not (see Table 6.12). There was also no association between

changes in heart rate and SaC>2 recordings measured during the test. Heart rate

recorded after the test was similar to baseline recordings.

6.3.5.4 Summary ofphysiological responses recorded during the SLT swallowing

assessment

1. In 34 stroke patients, the overall decrease in SaC>2 during and after the swallowing

assessment was small and not statistically significant.

2. There were large variations from one patient to another in the SaC>2 measured

during the SLT test. However, only five of the 34 stroke patients experienced

clinically significant episodes of desaturation (that is SaC>2 of 90% or less) during

the test.
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3. Compared to baseline BP recordings, there was a non-significant increase in

systolic and diastolic BP during the test and a significant decrease in systolic BP

by 5mmHg after the test.

4. There were no statistically significant changes in heart rate during or after the test.

6.3.5.5 Generalisability of physiological responses recorded during the SLT

swallowing assessment

During the SLT swallowing assessment, small amounts of food were given to the

patients in an extremely controlled manner so as to reduce the risk of aspiration.

Only nine (26%) of the patients were able to feed themselves during the test and

were observed taking more realistic mouthfuls of food. The SLT also discontinued

the test at any point at which the patients were clearly having problems (e.g. choking,

coughing and aspirating). Furthermore, the SLT test only gives an indication of the

patients' swallowing ability at that particular time point, whereas swallowing

problems are often a variable phenomenon (Zaidi et al. 1995). The artificial nature

of the test may also have attenuated the patients' normal physiological responses

during swallowing, particularly as the test is extremely controlled. Therefore, in

order to assess whether swallowing influences SaC>2, BP and/or heart rate,

measurements were taken during a more natural feeding environment, i.e. eating a

daily meal.
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6.3.6 Physiological responses to eating a daily meal on the ward

Of the 108 patients deemed "safe to swallow" within seven days of their stroke, 53

had a swallowing test performed by a SLT and 51 were classified as safe to swallow

by the admitting nurse or doctor (Figure 6.2). Two of these patients refused to have

physiological variables measured while eating their ward meal. Therefore, 106

(98%) of those patients classified as safe to feed orally had physiological

measurements taken before, during and after a daily meal on the ward (Figure 6.2).

Most of the included stroke patients had small cortical strokes (51/106, 48% had a

PACS) (Table 6.13). Only 18 (17%) patients were classified as having a TACS, 20

(19%) had a LACS, and 14 (13%) had a POCS (Table 6.13). Fifty-five (52%)

patients had mild or moderate, 27 (25%) had severe and 23 (22%) did not have any

arm or leg motor deficits. Of the 83 patients who did have motor deficits: 39 (37%)

had right, 38 (36%) had left and six (5%) had motor deficits affecting both sides of

their body (Table 6.13). Fifty (47%) of the 106 patients were dependent on others in

the activities of daily living and 13 (12%) were dead within six months of stroke

onset (Table 6.13).

In order to determine the effects of ageing on Sa02, BP and heart rate during

swallowing, 50 elderly hospitalised patients and 20 young healthy subjects were

recruited. Elderly hospitalised patients were admitted to hospital with various

medical conditions and were observed within a median delay of eight days (range 1

to 37 days) after hospitalisation (see Table 6.14). Approximately half the sample

(n=24, 48%) were observed within seven days, almost all (n=46, 92%) were
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observed less than three weeks, and four patients were observed more than four

weeks after admission to hospital.

Details of comparisons between stroke patients and the control groups classified as

"safe to feed orally" are displayed in Table 6.15. Elderly hospitalised patients had a

median age that was five years older than stroke patients (median=81.4 versus 75.9

years, p<0.001, Mann-Whitney). There was a significantly lower percentage ofmale

subjects in the two control groups (p=0.018, Chi-square). Almost half the patients in

the stroke (46/106, 43%) and elderly control (24/50, 48%) groups had a prior history

of hypertension. Of those patients on anti-hypertensive medication at the time of the

study, 12 (11%) stroke patients and five (10%) elderly control patients were taking

Beta-blockers, which could influence peripheral readings of Sa02 and BP. Fourteen

(13%) stroke and 10 (20%) elderly hospitalised patients had breathing problems

(chest infections, bronchitis, chronic airways obstructive disease) at the time of the

study. Two of these patients, one with a stroke and one without, required oxygen

therapy throughout the study. A quarter (n=25, 24%) of stroke and two (4%) elderly

control patients had an irregular pulse at the time of the study, a condition known to

effect the accuracy ofpulse oximetry recordings (Alexander, Teller, & Gross 1989).

None of the elderly and young healthy control subjects had any known swallowing

problems and therefore, all were able to consume a normal diet. Some of the stroke

patients however, had their diet modified: 28 (26%) were able to take a soft diet; 15

(14%) were able to take a pureed diet that held it's shape, and two (2%) were able to

take a pureed diet that did not hold it's shape. Ten (7%) of the stroke patients

required thickened fluids and four (3%) were not allowed to take any fluids at all.
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Thirty-two (30%) of the stroke patients, but none of the control subjects, required to

be fed by a nurse.

The majority of measurements were recorded during lunch (12-1400 hours).

However, in order to see more than one patient per day, a small number of stroke

(n=6, 6%) and elderly control (n=12, 24%) patients had recordings taken during the

evening meal (1700 to 1930 hours), and six (6%) stroke patients had recordings

taken during breakfast (7.30-8.30). Young healthy subjects took significantly less

time (12 minutes, range 7 to 16 minutes) to complete their meal than either stroke

(15 minutes, 6 to 33 minutes) or elderly control patients (16 minutes, 7 to 27

minutes) (p<0.005, Kruskal Wallis). The majority of patients sat in a chair while

they had their meal, however a small number of stroke (n=20, 19%) and elderly

control (n=2, 4%) patients remained in bed in the propped-up position while eating

their meal.

6.3.6.1 Arterial oxygen saturation during eating a daily meal on the ward

The location of the finger sensor of the pulse oximeter

In both the elderly and young healthy control groups, the pulse oximeter sensor was

randomised equally between the right and left middle fingers. This task proved more

difficult in stroke patients, particularly as some of these patients also had a

hemiparesis. More patients had the pulse oximeter sensor situated on their left

(n=63, 59%) than on their right (n=43, 41%) middle finger. Of the 77 patients who

had a hemiparesis, 50 (65%) had the sensor situated on their paretic side. All of

these patients were able to feed themselves using their non-paretic hand, therefore
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locating the sensor on the paretic side reduced movement artefact and improved the

accuracy of the SaC>2 readings.

Arterial oxygen saturation was not normally distributed in all three groups therefore

non-parametric statistics were performed.

Baseline median and minimum SaO?

The 106 stroke patients had a significantly lower median and minimum baseline

SaC>2 compared to both elderly hospitalised patients (both the difference in absolute

median and minimum Sa02=l%) and young healthy subjects (both the difference in

absolute median and minimum Sa02=2%) (p<0.001, Kruskal Wallis; p<0.005, Mann

Whitney tests in both cases) (see Table 6.16). Elderly control patients had a

significantly lower baseline median SaC>2 than young healthy control subjects

(median difference in Sa02=l%, p=0.002, Mann-Whitney). In both stroke patients

who were able to take normal diet (n=61) and those who were on a modified diet

(n=45) median baseline SaC>2 was 95.7% (IQR=3%). Only one of the stroke and two

of the elderly control patients had a median baseline Sa02 that was less than 90%

saturated. Although, there was a trend towards an inverse relationship between age

and baseline median and minimum Sa02 (i.e. the younger the subject the lower

Sa02), the association was not statistically significant.
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Comparisons between baseline median and minimum SaO? recordings taken during

the meal

In elderly control patients, the absolute decrease in median baseline SaC>2 to during

the meal was 0.2%, which was statistically significant (p=0.004), (see Table 6.17).

However, this small difference was similar to that of stroke patients and young

healthy control subjects (p=0.992, Kruskal Wallis). There was a small group of

stroke (6/106, 6%) and elderly (3/50, 6%) patients whose SaC>2 decreased from

baseline to during the meal by 3% or more; decreases of up to 5.6% saturation were

observed (see Table 6.17). There was no association between falls in SaC>2 during

meals and breathing problems in either the stroke or in the elderly hospitalised

patient groups. There was also no association between falls in SaC>2 and the type of

meal (normal or modified) that stroke patients consumed. One of the young healthy

subjects also had a fall in median Sa02 of 3% or more during the meal. However,

this subject had cold hands at the time of the study and when the study was repeated

after the subject had warmed their hands, Sa02 remained constant throughout the

study.

In view of the long duration of the meal in some individuals, it was important to look

at the maximal desaturation observed during the meal (i.e. the minimum Sa02) (see

Table 6.15). Compared to baseline minimum Sa02, stroke and elderly control

patients had significantly lower meal minimum SaC>2 (95 versus 93.5% and 96%

versus 94.5%, p<0.001 in both cases, Wilcoxon). However, young healthy control

subjects experienced little or no change between baseline and meal minimum SaC>2

(both 97%). Nineteen (18%) stroke and 13 (26%) elderly patients had a decrease of
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3% or more during the meal. The maximum fall in minimum SaC>2 in both stroke

and elderly patient groups was 12% (see Table 6.17). Again, there was no

association between falls in minimum Sa02 of 3% or more and whether the patients

had breathing problems or not at the time of the study.

Comparisons between baseline median and minimum SaO? and recordings taken

after the meal

Compared to baseline, stroke patients had a small, but significant decrease in median

Sa02 after the meal (median difference in absolute SaO2=0.4%, IQR 1.43, range -2.6

to 6%, p=0.004, Wilcoxon) (see Table 6.17). This difference remained the same

regardless ofwhether the stroke patients were on a normal or modified diet.

In both elderly and young healthy control subjects, median SaC>2 recorded after the

meal was either slightly above or returned to baseline values (see Table 6.17). The

magnitude of change from median baseline Sa02 to recordings taken after the meal

between the three study groups was not quite statistically different (p=0.067, Kruskal

Wallis) (see Table 6.17). There were also no statistically significant differences

between baseline minimum SaC>2 and readings taken after the meal, both within and

between the three groups (all p>0.1, Wilcoxon for paired comparisons and Kruskal-

Wallis for unpaired comparisons).
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Duration of clinically significant periods of desaturation (90% or less saturation)

during and after completion of the meal

Twenty-eight (26%) stroke and eight (16%) elderly control patients, but none of the

young healthy control subjects, had SaC>2 recordings of 90% or below during the

study period. One stroke and two of the elderly control patients spent virtually all of

the study period below this level. Two of these patients had chest infections and the

other, an elderly control subject, smoked 20 cigarettes a day. Of the remaining 27

stroke patients, 18 had falls in Sa02 below 90% saturation that lasted less than one

minute and did not correspond to individual swallows. Seven of the stroke patients

who had falls in Sa02 below 90% saturation had Sa02 fluctuating throughout the

study, not just when the patients were swallowing. Two patients did desaturate

below 90% saturation on swallowing and this recovered within three minutes. None

of the remaining six elderly control subjects had falls in SaC>2 of 90% or below that

corresponded with swallowing.

6.3.6.2 Bloodpressure before, during and after eating a daily meal

The location of the BP arm cuff

The arm cuffwas used to record BP before, during and after the meal. Due to a fault

in the BP monitoring device, six stroke patients and one of the elderly control

patients did not have any BP recordings taken at all. BP recordings taken from

another six stroke patients were unreliable because the patient refused to keep their

arm still during cuff inflation. Another stroke patient found the cuff too

uncomfortable therefore recording was stopped before the end of the observation
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period. In the two control groups, the BP arm cuff was randomised equally between

right and left arms. In the 93 stroke patients who had their BP recorded, the BP arm

cuff was not randomised equally between the right (n=54, 51%) and left arms

(n=39%, 37%). This was because 67/93 (72%) of these patients also had a

hemiparesis. The pulse oximeter sensor was often put on the paretic hand to ensure

reliable readings (i.e. this hand was less likely to move about during eating) (see

section 6.3.6.1). Thus only 24/67 (36%) of those patients with hemiparesis had BP

measurements taken from the paretic side.

Blood pressure recorded before, during and after eating a daily meal were normally

distributed, therefore parametric statistics were performed.

Baseline BP

Stroke patients had a significantly higher systolic (150.3mmHg, SE 2.56), mean

(107.2mmHg, SE 1.91) and diastolic (82.27mmHg, SE 1.65) baseline BP than

elderly and young healthy control subjects (p<0.001, one-way ANOVA and unpaired

t-tests in all cases) (see Table 6.18). There were no significant differences in

systolic, diastolic and mean BP between elderly and young healthy control subjects

(see Table 6.18).

BP recorded during the meal

The length of time it took to complete the meal varied considerably from one patient

to another in both stroke and elderly control groups, but not in young healthy

subjects (see Table 6.15). Five stroke and five elderly control patients did not have
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BP recorded during the meal because they finished their meal too quickly for there to

be a sufficient period between successive BP measurements, i.e. more than five

minutes between successive BP readings taken using the arm cuff (see section 4.4.3).

The 88 stroke patients who had BP taken during the meal had significant increase in

average systolic BP by 4.43mmHg (SE 1.22mmHg, 95%CI 2.00, 6.87mmHg), mean

BP by 3.64mmHg (SE 1.74mmHg, 95%CI 1.31, 5.96mmHg), and diastolic BP by

2.74mmHg (SE 1.29mmHg, 95%CI 0.18, 5.29mmHg) during the meal (all p<0.03,

paired t-tests). Elderly patients also had a significant increase in systolic BP by

4.49mmHg (SE 1.37mmHg, 95%CI 1.83, 7.36mmHg, p=0.002, paired t-test), but not

mean or diastolic BP. Although, young healthy control subjects also experienced

very small increases in systolic BP, this was not statistically different from baseline

values. There were no statistically significant differences in the magnitude of change

from baseline to during the meal in recordings of systolic, mean and diastolic BP

between the three groups (see Figure 6.5).

BP recorded after the meal

Compared to baseline BP recordings, both stroke and elderly control patients had a

significant decrease in average systolic BP by 3mmFIg (SE l.lmmHg, 95%CI 1,

5mmHg), mean BP by 4mmHg (SE 1.2mmHg, 95% CI 1, 7mmHg) and diastolic BP

by 4mmHg (SE 1.2mmHg, 95%CI 2, 7 mmHg) (all p<0.05, paired t-tests) (see

Figure 6.6). The magnitude of change in diastolic and mean, but not systolic, BP

was significantly greater in stroke and elderly control patients than in young healthy

control subjects (P< 0.04, one-way ANOVA) (see Figure 6.6).
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Clinically significant changes in systolic BP after finishing the meal

Postprandial hypotension has been defined as a fall in systolic BP of 20mmHg or

more, with or without a concomitant fall in diastolic BP (Mathais & Bannister

1992b). Only four (4%) stroke and two (4%) elderly control patients had such falls

in systolic BP within median time of 26 minutes (23-41 minutes) from the start of the

meal to the end of the recording period. The mean age of this group was 84 years

(range 78-89 years). Four were taking anti-hypertensive medication at the time of

the study. None of the six patients reported any symptoms of dizziness or

disturbances of consciousness, which may be associated with postprandial

hypotension.

It has been reported that the maximum fall in systolic BP occurs more than 60

minutes from the start of the meal (Heseltine & Potter 1990). Therefore, the study

period may not have been long enough to detect changes in systolic BP of 20mmHg

after finishing the meal. There were a number of stroke patients (24/93, 26%) and

elderly control patients (11/49, 22%) who had a decrease in systolic BP of lOmmHg

or more after finishing the meal. However, there were also two (10%) young healthy

control subjects who had falls in systolic BP of llmmHg and 13mmHg. Thus,

individual falls in systolic BP over lOmmHg but less than 20mmHg may be due to

measurement error.

6.3.6.3 Heart rate before, during and after eating a daily meal

Elderly hospitalised patients had a statistically higher mean heart rate compared to

stroke patients and young healthy control subjects of 7.3bpm (SE 2.36, 95% CI 2.6,
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11.9bpm, p=0.002, unpaired t-test) and 11.3bpm (SE 3.5, 95% CI 4.2, 18.3bpm,

p=0.002, unpaired t-test) respectively (see Table 6.19). There were no statistically

significant differences in mean baseline heart rate readings between stroke patients

and young healthy control subjects. From baseline to during the meal mean heart

rate increased by 4 to 5bpm in all three groups. On completion of the meal, mean

heart rate remained higher in both stroke and elderly control subjects. The

magnitude of change in heart rate during and after eating between the three groups

was not statistically significant.

6.3.6.4 Summary ofphysiological recordings taken before, during and after a daily

meal

1. There were no statistically significant differences in the change from baseline

median and minimum Sa02 to during the meal between 106 stroke patients, 50

elderly hospital control patients and 20 young healthy control subjects.

2. After the meal, stroke patients' median Sa02 remained significantly lower than

baseline values, whereas in elderly hospital control patients and young healthy

control subjects it had returned to baseline.

3. Neither stroke or control subjects had falls in SaC>2 of 90% or below that

corresponded with swallowing.

4. Compared to baseline BP measurements, both stroke and elderly patients, but not

young healthy controls, had a statistically significant increase in systolic BP

during the meal, and a decrease in diastolic BP after the meal.
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5. About 20% of stroke and elderly control hospital patients had a decrease in

systolic BP of lOmmHg or more after completing the meal.

6. In all three groups, mean heart rate increased during the meal and it also remained

higher after meal in stroke and elderly hospital control patients.

6.3.7Physiological responses before, during and afterfeeding tube insertion

Of the 83 acute stroke patients who had a swallowing assessment, 35 (42%) were

classified by the SLT as "unsafe" to feed orally (Figure 6.2). The ability to swallow

deteriorated in a further nine patients who were originally considered safe to feed

orally (Figure 6.2). Thus in total, 44 patients required non-oral supplementation

within the first seven days of hospital admission. Of these, 17 received parenteral

fluids and 27 had a NG feeding tube inserted. However, nine of the patients who

received parenteral fluids were able to feed orally less than seven days after the SLT

test. Therefore, a total of 35 patients continued to have swallowing problems for

more than one week after admission to hospital.

Comparisons between the patients' strokes according to whether they had required

non-oral supplementary feeding (n=35) or not (n=99) are detailed in Table 6.20. The

frequency of male and female patients was approximately equal in both groups. The

35 patients who required non-oral supplementary feeding were six years older than

those that did not (p=0.07, Mann-Whitney). Significantly more patients who were on

non-oral supplementary feeding had a TACS, severe motor deficits, poor conscious

level and dysarthria/dyphasia than those that did not (see Table 6.20). Twenty-five

(71%) of the patients who required non-oral supplementary feeding also had
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breathing problems, mostly due to chest infections. Nine of these patients also

required supplementary oxygen. All but three of the patients who required non-oral

supplementation were dead or dependent six months after the stroke.

Of the 35 patients who required non-oral supplementary feeding for more than one

week after stroke onset, 19 (54%) had recordings of Sa02, BP and heart rate before,

during and after feeding tube insertion. Thirteen patients had recordings taken

during NG tube insertion, five during PEG tube insertion, and one during both

procedures (see Figure 6.2). Sixteen of these patients were randomised in the FOOD

trial either between immediate NG tube insertion versus parenteral fluids (n=12,

randomised within seven days of admission) or NG versus PEG (n=4, randomised

within 30 days of admission).

6.3.7.1 NG tube insertion

Thirteen of the 14 patients had physiological recordings taken before, during and

after NG tube insertion less than seven days from stroke onset (range 2-7 days). One

patient, who was randomised in the FOOD trial for a second time between NG versus

PEG, had a NG tube inserted seven days after the first randomisation to parenteral

fluids. Therefore, this patient had their NG feeding tube inserted 13 days after stroke

onset.

SaOo before, during and after NG tube insertion

Non-parametric statistics were performed because the Sa02 data recorded before,

during and after NG tube insertion did not fit a normal distribution. In all 14 stroke
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patients the baseline median and minimum Sa02 (i.e. before NG tube insertion) was

95.15% (IQR 3.3%, range 86 to 98.8%) and 93.5% (IQR 3.5%, range 79 to 98%)

respectively (see Table 6.21). There were no significant differences in baseline

median or minimum Sa02 if the sensor was situated on the paretic middle finger

(n=9) or the non-paretic finger (n=5). Two of the stroke patients had a median SaC>2

below 90%, indicating a moderate degree of baseline hypoxaemia in these patients.

The median duration of the NG tube insertion was 5.5 minutes (IQR 3.25 minutes,

range 2 to 11 minutes). The procedure was particularly long in those patients who

were uncooperative. There was substantial variation between SaC>2 recorded at

baseline and during the procedure. The median and minimum SaC>2 during the

procedure was 93.4 (IQR 4.2%, range 88.7 to 96.5%) and 92% (IQR 8%, range 76 to

96%) respectively. The decrease in median and minimum absolute SaC>2 of 1%

during NG insertion for the entire group was not statistically significant. There were

four (28%) patients who had a decrease in median SaC>2 of 3% or greater during NG

insertion. Decreases in SaC>2 during NG tube insertion of up to 9% were observed in

this group. Three of these patients had SaC>2 of 90% saturation or below either

during and/or after the procedure. Only one patient had a decrease in Sa02 during

the procedure for more than one minute (Figure 6.7). These episodes of desaturation

corresponded with the patient becoming distressed by the procedure and removal of

the tube after an unsuccessful first attempt (Figure 6.7). fn all patients, median and

minimum Sa02 recorded after the procedure was similar to baseline recordings (see

Table 6.21).
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No reliable BP measurements were obtained during the procedure, because in most

cases the NG tube was inserted within 5 minutes, i.e. the time interval during the

procedure was too short to allow for successive arm cuff readings (see section 4.4.3).

Two of the 14 patients did not have any BP measurements taken at all during the

study period either because they had a highly contagious infection (the BP cuff is not

disposable) or they found the arm cuff too uncomfortable. In the 12 patients who did

have at least three BP measurements recorded before and after the procedure, mean

systolic and diastolic remained the same (163/88mmHg) on both occasions (see

Table 6.21).

Heart rate before, during and after NG tube insertion

In the 14 patients who had heart rate data recorded during the NG procedure the data

were normally distributed, therefore, parametric statistics were performed. Mean

heart rate recorded during (84.6bpm, SE 3.46) and after (82.7bpm, SE 3.73) the

procedure was higher than mean baseline heart rate (81bpm, SE 4.2), but these

differences were not statistically significant (see Table 6.21). There was no

association with changes in heart rate and changes in SaC>2.

6.3.7.2 PEG tube insertion

Six patients had SaC>2, BP and heart rate measured before and after PEG tube

insertion. The stroke characteristics for each individual patient are listed in Table

6.22. Four of the six patients were male and the mean age of the group was 77 years
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(range 63-85 years). All six patients had cortical infarcts (three PACIs and three

TACIs), five of whom had left sided lesions. All but one of the patients had

moderate to severe motor deficits. The PEG tube was inserted more than two weeks

after stroke onset (range 15 to 49 days) in all six patients. Three of these patients

were allocated PEG after being randomised within 30 days of admission between

PEG feeding versus NG feeding in the FOOD trial. The other three patients were not

tolerating being fed long-term via a NG tube and their physician was certain that they

should be fed via a PEG tube. Five of these patients had chest infections and four

had an irregular pulse at the time of the study.

All six patients had Sa02, BP and heart rate measurements taken immediately before

and after PEG tube insertion in the recovery room in endoscopy theatres. The

procedure itself took approximately half an hour (range 18-42 minutes). Only the

first two patients had measurements recorded in theatre during the procedure.

Recordings taken during the procedure were discontinued because of the difficulty in

taking reliable measurements while the patient was within a sterile field, i.e. there

was no way of knowing whether the pulse oximeter sensor or arm cuff was in the

correct place. There was also a lack of space and power points for the monitoring

equipment in the theatre and the equipment also tended to get in the way of the

theatre staff. The other four patients who did not have recordings taken during the

procedure did however, have recordings taken in the recovery area adjacent to the

theatre before and after transfer to and from endoscopy theatre.
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For all six patients who had a PEG inserted the median SaCE taken immediately

before theatre was 95.6% (IQR 2.45%, range 94.2 to 99.5%). Arterial oxygen

saturation increased by 2% in the two patients who had measurements taken during

the procedure because they were given two litres of oxygen via nasal prongs (see

table 6.23). Median Sa02 recorded immediately after the procedure was 93.4% (IQR

3.43%, range 91.3 to 95.1%) and this was significantly lower than recordings taken

immediately before the procedure (p=0.028, Wilcoxon). However, the representative

tracings show that SaCE over the entire recording period varied from patient to

patient (see Figure 6.8). In four of the six patients, Sa02 recorded immediately after

the procedure fluctuated below 90% saturation (see Figures 6.8, patient ID 19, 120,

154, 210). One of these patients remained extremely drowsy immediately after the

procedure, their Sa02 fluctuated between 89% to 92% saturation and respirations

decreased from 16 to nine breaths per minute (see Figure 6.8f). This patient was

given naloxone to reverse the effects of the pethidine given prior to endoscopy. In

two of patients who continued to have recordings taken after they had been

transferred back to the ward after the procedure, Sa02 became more stable and

remained above 90% saturation (see Figures 6.8c and f).

BP before during and after PEG insertion

For all six patients, mean BP recorded immediately before the procedure was

161.5/100mmHg (mean BP 88mmHg), but was highly variable from one patient to

the other (see Table 6.23). In the two patients who had recordings taken during the
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procedure, systolic, mean and diastolic BP was extremely high. However, these

readings were unreliable as both patients had their arm bent when the arm cuff was

inflated. Immediately after the procedure, systolic, mean and diastolic BP decreased

in four of the six patients (systolic BP range of decrease=19 to 57mmHg, mean BP

range of decrease=8 to 50mmHg and diastolic BP range of decrease=8 to 50mmHg)

(see Table 6.23).

Heart rate before, during and after PEG insertion

There were no significant differences between heart rate recorded immediately

before and after PEG insertion in all six patients (see Table 6.23). In all six patients

heart rate was extremely variable throughout the procedure (see Figure 6.8). It is

important to note however, that four of the six patients did have an irregular pulse at

the time of the study. There was also no association between changes in heart rate

and changes in SaC>2 or BP throughout the study period.

Complications and outcomes after PEG insertion

Of the six patients who had the PEG tube inserted, two died within two weeks of the

procedure. One of these patients, had an acute gastro-intestinal bleed as a result of

bleeding from a small submucosal vessel on the evening of the procedure. This

patient was taken back to theatre in order to stop the bleeding. Four days later the

patient developed aspiration pneumonia and subsequently died 10 days after the PEG

was inserted. The other patient was successfully revived from a cardiac arrest 11

days after the PEG procedure, but subsequently died three days later. Three of the

346



Chapter Six

four remaining patients died in hospital more than 30 days after PEG insertion: two

developed aspiration pneumonia, and the other died after an upper gastro-intestinal

bleed. The one surviving patient was able to feed orally two months after the

procedure and has since been discharged home.

6.3.7.3 Summary of physiological recordings taken before, during and after

feeding (NG or PEG) insertion

1. In the 14 stroke patients who had a NG tube inserted, there were no statistically

significant changes in SaC>2, BP and heart rate during or after the procedure. Only

one patient who was distressed by the procedure had a decrease in Sa02 below

90% for more than one minute.

2. In the six patients who had a PEG tube inserted, median baseline Sa02 decreased

significantly immediately after the procedure. Four of these also had a

statistically significant decrease in systolic, diastolic and mean BP immediately

after the procedure. Heart rate remained constant throughout the recording period.

6.4 Discussion

This is the first study to measure Sa02, BP and heart rate during conditions related to

patients' swallowing ability during the acute phase of stroke. This study has shown

that adverse changes in physiological variables do occur in some stroke patients after

swallowing. It also identified a number of stroke patients who had mild episodes of

hypotension and hypoxaemia during and/or after swallowing. The influence of

feeding on each of the physiological variables will be described in turn.
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6.4.1 Arterial oxygen saturation

6.4.1.1 During the SLT swallowing assessment

In our hospital, more than two thirds of the sample had a formal bedside swallowing

assessment performed by the SLT. These patients were older, more likely to have a

severe stroke and a poor conscious level. Statistical models from data of 128 patients

referred to hospital with an acute stroke has shown that this group of stroke patients

(>70 years and disabling stroke) may be most at risk of subsequent swallowing

complications (Mann et al. 1999). Therefore, identifying those patients most at risk

of complications of swallowing may benefit the SLT by releasing more of their time

for communication therapy (Zaidi et al. 1995).

Limitations on the SLT time made the implementation of this study extremely

difficult and therefore, only a small number of patients had observations taken

before, during and after the swallowing test. Significant falls in oxygenation were

observed in less than 15% of the stroke patients referred to the SLT. Surprisingly,

falls in absolute Sa02 of 3% or more were equally common in patients who were

classified by the SLT as "safe" and "unsafe" to feed orally. Zaidi et al found that up

to 39% of consecutive patients admitted to hospital with acute stroke had falls in

absolute Sa02 of more than 3% saturation after swallowing water and this was

associated with the patients being classified as having dysphagia (Zaidi et al. 1995).

They also found that on average the maximum decrease in Sa02 occurred within five

seconds and recovered within one minute after each swallow (Zaidi et al. 1995). This

pattern has also been discernible in patients referred for videofluoroscopy (Sellars et
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al. 1998;Smith & Connolly 1998;Collins & Bakheit 1997). However, the present

study was not designed to detect such brief changes in SaC>2. This was because it

was using pulse oximetry to detect clinically relevant episodes of hypoxaemia (SaC>2

of 90% or below), which if occurring, could reduce oxygen delivery to an already

vulnerable brain. Conversely, the other studies were interested in developing pulse

oximetry as a method of screening for swallowing disorders. None of these studies

reported whether the patients' experienced episodes of hypoxaemia during and after

swallowing (Sellars et al. 1998;Smith & Connolly 1998;Collins & Bakheit

1997;Zaidi et al. 1995). Fortunately, this study found that such episodes of

desaturation occurred rarely and when they did, few corresponded with the patients'

swallowing. For example, in some cases it was associated with the removal of the

patients' oxygen mask.

The SLT swallowing test is an unnatural method of feeding. It is also controlled in

such a way as to avoid serious problems, such as aspiration and respiratory distress

that harm the patient. Therefore, it is reassuring that during the test falls in

oxygenation of a sufficient size and duration are not occurring, as these could reduce

cerebral blood flow and damage vulnerable but potentially viable brain cells around

the stroke lesion (i.e. the "ischaemic penumbra").

6.4.1.2 During meals

The primary effects of ageing itself, such as the loss of teeth, mouth dryness,

increased stiffness of collagen tissue, and neuromuscular changes, could all effect

swallowing safely (Nilsson et al. 1996). All of these are likely to be compounded by
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the addition of stroke. In this study, stroke patients had a lower baseline SaC>2 than

elderly hospitalised or young healthy control subjects. However, the majority of

stroke, elderly hospitalised control patients and young healthy subjects showed little

or no change in SaC>2 during eating. Elderly hospitalised control subjects did

experience a modest decrease in median SaC>2 while eating that was statistically

significant. However, a median decrease in absolute SaC>2 of 0.2% appears

minuscule and hardly would be considered clinically important. There were

however, a small number of stroke and elderly patients (6% in each group) who

underwent a decrease in Sa02 of 3% or more while eating. Such falls in SaC>2 have

been reported to occur with greater frequency in patients with chronic obstructive

airways disease (COAD) (Schols et al. 1991;Castaldo et al. 1984;Brown et al. 1983).

Brown et al found that 7/33 (21%) patients with COAD experienced falls in Sa02

greater than 3% when eating (Brown et al. 1983). Unlike the stroke patients in the

present study, most of the patients with COAD in Brown et al's study were likely to

have hypoxaemia prior to eating (mean baselineSa02 was 95.7% and 87.4%

respectively) (Brown et al. 1983). Brown et al found that there was a statistically

significant negative correlation between baseline Sa02 and the magnitude of

desaturation that occurred during meals, i.e. the lower the baseline Sa02 the greater

the desaturation during the meal (Brown et al. 1983). They suggested that the higher

percentage of oxygen desaturation in hypoxaemic patients maybe attributed to the

sigmoidal shape of the oxygen-dissociation curve (Brown et al. 1983). However, in

the present study there was only one stroke and two elderly control patients who had

a mean baseline SaC>2 below 90% saturation. Therefore, the variations in
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desaturation on swallowing in stroke and elderly control patients could not be

explained by differences in baseline Sa02.

There are several other mechanisms that may cause Sa02 to decrease during meals.

Firstly, it has been speculated that a decrease in minute ventilation as a result of

interrupted breathing may contribute to a fall in Sa02 while chewing and swallowing

(McFarland & Lund 1995). In stroke patients the period of apnoea during

swallowing often begins earlier and may last a minute longer than that of young

healthy subjects (Selley et al. 1989b). These patients are also more likely to have

irregular breathing during eating and drinking than healthy age matched volunteers

(Hirst et al. 1998). This inco-ordination of breathing may result in a mismatch in

pulmonary ventilation and perfusion, which could thereby decrease Sa02 during

swallowing (Rogers, Micheal, & Scucard 1993;Rogers et al. 1993). Furthermore,

stroke patients are more likely to inhale immediately after swallowing, whereas

young healthy control subjects are more likely to exhale (Selley et al 1989a;Selley et

al. 1989b). Thus, stroke patients are at greater risk of aspirating food into their

airway. Aspiration has been found to produce hypoxaemia, probably as a result of

significant intrapulmonry shunting in both children and adults with neurological

disease (Rogers, Micheal, & Scucard 1993;Rogers et al. 1993).

A second hypothesis suggests that there is an increase in oxygen consumption related

to the metabolic effects of food absorption and digestion (Schols et al. 1991).

However, this does not appear to be the case since studies have found that

desaturation occurs early after the beginning of the meal (Rogers, Micheal, &

Scucard 1993;Rogers et al. 1993). This was confirmed by Brown et al, who found
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that baseline SaC>2 was usually attained less than 10 minutes after completing the

meal (Brown et al. 1983). In the present study however, acute stroke patients,

regardless of the type of diet (modified or normal), had significantly lower SaC>2 for

10 minutes after the meal. Therefore, recording SaC>2 for a longer duration (e.g. one-

hour) after finishing the meal will be necessary in future studies.

Lastly, it has been suggested that the content, type and speed at which the meal is

consumed may affect SaC>2 (Schols et al. 1991). Schols et al observed that 12

hypoxic COAD patients had a smaller decrease in SaC>2 and concomitant increase in

heart rate after eating a meal with a high, rather than a low, carbohydrate content

(Schols et al. 1991). The high carbohydrate meal consisted of sandwiches, whereas

the low carbohydrate meal was hot and consisted of meat and vegetables (Schols et

al. 1991). The patients took longer to eat the sandwiches than when they did the hot

meal (Schols et al. 1991). They also experienced fewer episodes of breathlessness

and were therefore less exhausted (Schols et al. 1991). In the present study, young

healthy control subjects were more likely to consume sandwiches at lunchtime,

whereas hospitalised stroke and elderly patients were more likely to have ordered a

hot meal. It was found that young healthy control subjects, but not stroke or elderly

patients, had a non-significant increase in mean SaC>2 after the meal. Other studies

including normal subjects have reported increases in Pa02 in response to increased

metabolic activity after eating large carbohydrate meals (Castaldo et al.

1984;Saltzman & Salzano 1971). However, this hypothesis can not be confirmed

because none of the meals were standardised for nutritional composition or caloric

content. This study was also unable to confirm whether a rapid eater might

experience greater desaturation than one who took their time to rest between bites.
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In the current literature there is little evidence on whether NG or PEG tube insertion

affects oxygenation. One previous study did find that 11 patients with COAD had a

small but statistically significant decrease in Pa02 during nasogastric tube feeding

(Brandstetter et al. 1988). Therefore, it was not unreasonable to assume that the

insertion procedure itself may also result in desaturation. In the present study, the

decrease in median Sa02 during the insertion of a NG feeding tube in acute stroke

patients was of a similar magnitude to the decrease observed during the SLT test and

eating a daily meal (i.e. less than 1% change in absolute Sa02). Only one of these

patients desaturated below 90% during the procedure, which may have been because

the patient found the passing of the tube distressing. However, in all other cases the

procedure was quick and rarely irritated the patients. After the procedure Sa02

returned to baseline levels in all of the stroke patients.

All six patients who had recordings taken before and after they had a PEG inserted

were in the subacute (e.g. more than two weeks after the stroke), rather than the acute

phase of stroke. Throughout the procedure, the patients received two litres of

supplementary oxygen therapy in order to maintain Sa02 above levels of 90%

saturation. Immediately after the procedure however, SaC>2 was significantly lower

than baseline recordings. This may have been due to respiratory suppression as a

result of the sedative and opiate given prior to theatre. In fact one of the patients

who had breathing difficulties after the procedure, significantly improved after they

had been given naloxone to reverse the effects of the opiate. Throughout the

procedure patients were also required to lie supine, which also may lower
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oxygenation (section 5.4.5). It was interesting to note that five of these patients died

in hospital as result of complications associated with PEG tube insertion, such as

aspiration pneumonia (n=3) and gastro-intestinal bleeding (n=2) (James et al. 1998).

However, there were too few patients to come to any firm conclusions about the

safety of the procedure. Currently, a systematic review, including both observational

and randomised studies, has been undertaken to determine the frequency of

complications after PEG tube insertion in patients with dysphagic stroke (Wiggam &

Dennis 1999, personal communication). Furthermore, the ongoing randomised

controlled trial, Feed Or Ordinary Diet (FOOD), is powered to determine the efficacy

of this procedure on stroke patients' long-term outcome (Dennis 1999).

6.4.2 Blood Pressure

After each of the interventions, there was a decrease in systolic and/or diastolic BP of

between 3-5mmHg for the entire sample. This change may be attributed to the

interventions, but some of it may be due to "regression to the mean." This is a

chance finding that commonly occurs with any variable such as BP, which fluctuates

within an individual. For example, in a group of high risk individuals, the mean BP

will, on remeasurement, be lower than the starting mean, even without any

intervention or treatment (Yudkin & Stratton 1996). However, this study was

designed to reduce regression to the mean by using the mean of several

measurements, rather than a single one (Yudkin & Stratton 1996). This has the

effect of reducing the variability between repeated measures. Thus the observed

changes in BP after feeding in the present study are more likely to reflect the

intervention effect, rather than regression to the mean.
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6.4.2.1 Postprandial Hypotension

Food ingestion predominantly lowers systolic BP, but there may also be falls in

diastolic BP (Mathias & Bannister 1992b). In the present study, there was a non¬

significant fall in mean systolic BP after feeding in both stroke patients and control

subjects. However, in stroke and elderly control patients, but not young healthy

control subjects, mean diastolic BP was significantly lower by approximately

5mmHg after feeding. None of these patients reported symptoms of dizziness,

fainting or falling after eating. This was inspite of the fact 6% of stroke and elderly

patients experienced large falls in systolic BP of 20mmHg, within an average

duration of 40 minutes from the start of the meal. Previous studies have reported that

15% of healthy elderly adults (Goldstein & Shapiro 1996) and 33% of elderly

patients with autonomic failure (Lipsitz et al. 1983) experience postprandial

hypotension after feeding. In the present study however, the frequency of

postprandial hypotension may have been underestimated, because it can take up to 60

minutes from the start of the meal to observe the maximum fall in BP (Heseltine &

Potter 1990).

The normal response to a meal is an increase in splanchnic blood flow and a decrease

in peripheral vascular resistance (Heseltine & Potter 1990). Such changes have been

attributed to the release of pancreatic and gastrointestinal hormones, such as insulin,

adenosine, prostaglandins and vasoactive gut peptides (Heseltine & Potter 1990). In

young subjects any reduction in peripheral vascular resistance is offset by an increase

in the sympathetic nervous activity, i.e. there is an increase in heart rate and cardiac

output (Mathias & Bannister 1992b). However, elderly people, especially those with
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stroke, often have impaired baroreceptor activity, autonomic and hormonal responses

(Mathias & Bannister 1992b). Therefore, it is possible that the postprandial fall in

blood pressure observed in the elderly subjects results from the increased splanchnic

blood flow, associated with a fall in peripheral vascular resistance not being fully

compensated for by an increase in sympathetic nervous system activity (Heseltine &

Potter 1990).

Greater postprandial falls in BP occur in subjects with orthostatic hypotension than

in age matched controls (Robinson et al. 1985). In the present study however, the

patients were seated and it was unclear to what degree the upright posture

contributed to the hypotension. There was also no way of knowing how much the

content of the food influenced the fall in BP. Potter et al have shown that the

nutrient component of food plays an important part in these postprandial changes

(Potter et al. 1981). They found that a high carbohydrate content meal resulted in the

greatest reduction in BP when compared with high protein, high fat and mixed

content meals (Potter et al. 1981). These and other authors have speculated that

carbohydrate meals resulted in a greater increase in insulin and glucose, which can

alter baroreceptor sensitivity (Heseltine & Potter 1990;Da Costa et al. 1985;Potter et

al. 1981). Thus, postprandial hypotension may be attenuated by encouraging patients

to eat meals with a lower carbohydrate content (Mathias & Bannister 1992b).

Smaller meals more frequently have also been shown to alleviate postprandial

hypotension in seven subjects with primary chronic autonomic failure (Puvi-

Rajasinham & Mathias 1996). Other promising approaches may be the use of

caffeine (Onrot et al. 1985) and water (Jordan et al. 1998), which should be given

immediately after food. Both of these drinks increase BP, probably by stimulating
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the sympathetic or renin-angiotensin system, in both normal subjects and in patients

with autonomic failure (Shannon et al. 1997).

The frequency of postprandial hypotension was similar in both stroke and elderly

patients. Stroke patients however, are at risk of further damage to the vulnerable

brain and even modest falls in BP may critically impair cerebral perfusion to

potentially salvageable tissue surrounding the stroke lesion (Mathias & Bannister

1992b). In fact there are four cases described in the literature where falls in BP after

feeding have resulted in stroke (Yokota et al. 1997;Kamata et al. 1994).

6.4.3 Heart rate

In the present study, both stroke and control subjects experienced an increase in heart

rate during and after feeding. In normal subjects given a standard meal, there is

usually a sustained rise in heart rate together with an elevation in stroke volume and

cardiac output for up to 60 minutes from the start of the meal (Mathais & Bannister

1992b;Westenend et al. 1985). However, this concomitant rise in heart rate is not

always sufficient to compensate for the BP drop (Goldstein & Shapiro 1996).

6.4.4 Advantages and limitations of this study

This is the largest study to date to detect statistically and clinically significant

changes in SaC>2, BP and heart rate during and after feeding in a hospital referred

cohort of stroke patients. The included patients were deemed safe or unsafe to feed

orally by the SLT or another qualified individual. Therefore, it had the advantage

over previous studies that included only those patients with suspected swallowing
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problems (Sellars et al. 1998;Smith & Connolly 1998;Colins & Bakheit 1997) (see

section 3.3.2). The physiological variables were also recorded at the patients bedside

during normal feeding regime, thereby avoiding laboratory-like conditions used in

the previous studies (see section 3.3.2). However, the present study did highlight a

number of methodological issues, similar to those highlighted in the positioning

study (see section 5.4.4).

1. Sample size and recruitment bias. Swallowing problems, and therefore possibly

hypoxaemia and hypotension after eating, are more common in patients with severe

strokes (Mann et al. 1999). However, many patients with severe strokes would not

have been passed as "safe to feed orally" and may have had a feeding tube inserted.

Therefore, this study was designed to observe these patients during and after the

bedside swallowing assessment performed by the SLT at the patient's bedside and/or

during and after feeding tube insertion. However, recruitment was poor for tube

insertion, as it proved difficult to co-ordinate with the procedure. Therefore the data

should be viewed with caution, particularly as the small sample sizes would have

increased the risk of type II statistical errors.

Far the largest sample of patients were classified as "safe to feed orally" (n=106).

Even though this sample was larger than the estimated sample size, this sample

assured that there was sufficient power to analyse subgroups of patients, e.g.

according to the severity of the stroke. This was not unethical, because patients were

observed while they ate their daily meal and the procedure was performed at the

patient's bedside, i.e. we did not do anything that unusual. Also, monitoring was

adjusted or ceased if patients became uncomfortable. It is important to note that in
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our hospital most of the patients deemed "safe to feed orally" had a PACS and mild

to moderate motor deficits. However, large falls in SaC>2 during meals are more

common in patients with chronic obstructive pulmonary diseases (COPD) whose

resting mean SaC>2 is on the steep portion of the oxygen dissociation curve, whereas

in our study there were only 14 stroke and six elderly control patients who had pre¬

existing breathing problems (Brown et al. 1983). Therefore, there were too few

patients with chest disease to expect to see such large changes in median SaC>2.

However, in populations where the frequency of COPD is higher in patients with

acute stroke, the frequency of meal-related hypoxaemia (a quarter of patients in the

present study) might be higher too. It is also likely that many patients with severe

strokes and/or chest disease could not have been passed as "safe to feed orally."

Therefore, our results may actually be a reflection of the sensitivity of the speech and

language therapists and admitting nurses or doctors at classifying whether patients

are safe to swallow in our hospital. In other hospitals however, where swallowing

assessment is less systematic or staff are keen to encourage patients to eat more

freely, a higher frequency of hypoxic episodes during feeding might be observed. It

is also possible that we may have missed some patients who were aspirating in the

first one to two days after stroke onset, as swallowing is known to recover in some

patients quite rapidly (Smithard et al. 1997). However, some stroke patients

experience swallowing problems for the first time much later in their illness (Mann et

all999). Nonetheless, it would be important for future studies to include patients

earlier than three days when potentially salvageable but vulnerable brain surrounding

the stroke lesion is thought to have the greatest chance of survival (Kaufmann et al.

1999). Finally, the results of this study also suggest that desaturation may be age
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related, although others have found no association with desaturation on swallowing

and age (Zaidi et al. 1995). Nevertheless, if stroke and elderly patients had been

better matched for age, the difference in the number of patients desaturating between

the two groups may have been greater. Thus, one can not rule out the possibility that

in other hospitals with a greater proportion of elderly patients with severe strokes

observed earlier than three days after stroke onset, or with a less stringent

swallowing assessment, there might be higher proportion of patients who experience

more serious hypoxic events during eating.

2. Equipment and measurement differences. Recordings were measured non-

invasively using methods similar to those of previous studies, therefore this study

was subject to the aforementioned problems (see section 5.4.4).

3. Swallowing versus postprandial changes in BP and Sa02. This study was not

designed to detect whether falls in SaC>2 and BP occurred as a result of some

physiological reaction to swallowing or from the effect of the food itself. However,

a number of individuals did experience episodes of hypoxaemia and hypotension for

at least 10 minutes after eating. Moreover, adverse physiological events rarely

coincided exactly with swallowing, suggesting that, at least in some stroke patients,

these episodes occurred postprandially. However, perhaps it is wrong to assume that

they should coincide exactly? Therefore, in order to know more about swallowing

reflex and co-ordination of respiration with swallowing after stroke further

investigation is required.
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4. Confounding. It is important to note that the present study was not set up to

detect whether the time or type of meal (breakfast, lunch or evening meal) influenced

the results. Moreover, there was no statistically significant association between

taking anti-hypertensive drugs and postprandial hypotension, although it should be

noted that this study was not powered to identify subgroups of patients who might

experience falls in BP after eating more commonly. Also, further studies might

specifically examine factors that might be associated with hypoxaemia and

hypotension, e.g. the effect of nutritional content of the meal (i.e. high carbohydrate

content versus slow small amounts of carbohydrate), the manner (rapid gulps versus

slow smaller mouthfuls) and poor sitting posture (sitting in a chair versus propped up

position).

6.4.5 Summary and recommendationsforfeeding acute stroke patients

Based on the results of this study consideration should be given to the feeding of

stroke patients as follows in order to avoid adverse changes in SaC>2, BP, and heart

rate:

• In stroke patients deemed "safe to feed orally" by a SLT or other qualified

individuals falls in SaC>2 rarely occurred during swallowing. A minor though

probably not clinically significant fall in SaC>2 occurs following the end of the

meal. Therefore, monitoring SaC>2 throughout the meal may only be required in

the few patients with co-morbid disease such as COAD or low baseline SaC>2

(less than 90% saturation).
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The findings of this study confirmed that stroke and elderly patients without

cerebrovascular disease experience falls in systolic and diastolic BP after meals.

Six percent of stroke and elderly control patients experienced substantial falls in

systolic BP of 20mmHg or more after feeding. These patients, many of whom

have impaired autoregulation, may be at risk of loosing ischaemic but viable

brain from around the stroke lesion. Such falls may be attenuated however, by

encouraging patients to drink water or caffeine with their meal or lying them flat

after finishing their meal.

There were no statistically or clinically significant changes in SaC>2, BP and heart

rate during and after insertion of a NG tube in stroke patients. This was probably

because the procedure was usually performed in less than one minute, which may

have been too brief to cause adverse changes in physiological variables.

There were statistically significant decreases in Sa02 and BP immediately after

PEG insertion in six patients with established stroke. This was probably as a

result of the sedative and opiate given prior to theatre. Future studies should

address this issue in a larger sample of acute stroke patients who are most at risk

of loosing ischaemic but viable brain around the stroke lesion.

To determine whether implementation ofmeasures to avoid the risk of hypoxia or

significant falls in BP after feeding improves clinical outcome, a randomised trial

would be required.

362



Chapter Six

Table 6.1 Baseline patient assessment included demographic data and
functional status prior to the stroke

Patient characteristics Males (n=72) Females (n =62)
n (%)t n(%)t

Age (years)
<50 5 (7%) 3 (5%)

51 -70 25 (35%) 15 (24%)
71-90 40 (55%) 41 (66%)
>90 2 (3%) 4 (5%)

mean age 71 73

median 74 76

range 37-98 17-94

Oxford Handicap Scale before
stroke:

Independent (OHS 0-2) 49 (68%) 46 (74%)
Dependent (OHS 3-5) 23 (32%) 16(26%)
f Except for age
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Table 6.2 Past medical history of included patients

Patient characteristics Males Females Total

(n=72) (n==62) (n==134)
n (%) n(%) n (%)

Previous stroke with residual disability 13 (18)* 4 (6) 17 (13)
Previous stroke without residual disability 12(17) 8 (13) 20 (15)
Previous transient ischaemic attack (TIA) 13 (18) 5 (8) 18 (13)
Previous myocardial infarction (MI) 8(11) 6 (10) 14 (10)
Current smoker 21 (29) 19 (31) 40 (30)
Ex smoker >12 months 32 (44)* 15 (24) 47 (35)
Alcohol > 2 units/day 18(25)* 1 (2) 19 (14)
Hypertension - history or treatment at any time 33 (46) 24 (39) 57 (43)
Anti-hypertensive treatment prior to the event 29 (40) 24 (39) 53 (40)
Diabetes mellitus known before stroke 12(17) 5 (8) 17 (13)
Angina pectoris known before stroke 18 (25) 13 921) 31 (23)
Breathless walking on an incline 25 (35) 26 (42) 51 (38)
Previous cardiac surgery 3 (4) 5 (8) 8 (6)
Previous atrial fibrillation 8(11) 11 (18) 19 (14)
Peripheral vascular disease known before stroke 25 (35) 20 (32) 45 (34)
Previous peripheral vascular surgery 1 (1) 0 1 (1)
Known prior malignancy

. 6i8)_ 10 (16) 16 (12)
* Significantly more males than females (p<0.05, Chi-square)
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Table 6.3 History of patients' stroke

Patient characteristics n (%)
OCSP Clinical classification:
Total Anterior Circulation Stroke (TACS) 32 (24)
Partial Anterior Circulation Stroke (PACS) 61 (45)
Lacunar Circulation Stroke (LACS) 22(16)
Posterior Circulation Stroke (POCS) 16(13)
Uncertain 3 (3)
Type of imaging: CT 115 (86)

MRI 17(13)
None 2 (1)

Pathology (determined by CT or MRI):
Infarct 116(87)

Haemorrhage 16(12)
Side ofmotor deficit:

Right 51 (38)
Left 52 (39)
Bilateral 4 (3)
None 27 (20)
Severity ofmotor deficit:
Mild (MRC motor grade 4) 32 (24)
Moderate (MRC motor grade 3) 26(19)
Severe (MRC motor grades 0-2) 49 (37)
Facial weakness:

Right 40 (30)
Left 36 (27)
Bilateral 6 (4)
None 52 (39)
At time of medical examination:
Able sit independently 89 (66)
Able stand independently 61 (46)
Able walk with assistance 43 (32)
Truncal ataxia 12 (9)
Sensory Deficit 41(31)
Abnormal swallowing 59 (44)
Dysarthria alone 38 (28)
Dysphasia alone 29 (22)
Both dysarthria and dysphasia 18 (13)
Loss of consciousness at onset 7 (5)
Drowsiness on examination 58(43)
Glasgow Coma Scale (GCS) =15 72 (54)
GCS = 14 34 (25)
GCS < 13 28 (21)
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Table 6.3 (ctd)

Patient Characteristic
__ n (%)

At time of Study:
Irregular pulse 32 (24)
Breathing problems 31 (23)
Supplementary oxygen therapy 10 (8)
Anaemia 6 (5)
BP on admission (mmllg)
Systolic BP <120 8 (6)

120-139 15 (11)
140-159 49 (37)
160-179 25 (18)
180-199 17 (13)

>200 20 (15)
Diastolic BP <50 1 (1)

50-69 10 (8)
70-89 43 (32)
90-109 54 (40)
110-129 20 (15)

>130 6 (4)
SBP/DBP
Mean BP 164/93 134 (100)
Male 166/94 72 (54)
Female 163/94 62 (46)
Hypertensive 176/98* 57 (43)
Non-hypertensive 156/89 77 (57)
Infarct 162/93 116 (87)
ICH 185**/96 16 (12)
Antihypertensive medication 38 (36)
Beta Blockers 12 (9)
OHS: clinical predication of outcome at one year
Independent (OHS 0-2) 47 (35)
Dependent (OHS 3-5) 71 (53)
Dead (OHS 6) 16 (12)
OHS: six month outcome

Independent (OHS 0-2) 35 (26)
Dependent (OHS 3-5) 57 (43)
Dead (OHS 6) 29 (22):
Uncertain 13 (9)
Abbreviations: SBP, systolic BP; DBP, diastolic BP; and ICH, intra cerebral haemorrhage.
* Patients with a history of hypertension had a higher SBP and DBP than those without (both p<0.01,
unpaired t-test). ** Patients with ICH had a significantly higher SBP than those with an infarct
(p=0.006, unpaired t-test). ***Significantly more patients dead six months after the stroke than
predicted by the physician responsible for the LSR (p=0.0004, Fisher's exact test).
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Table 6.4 Reasons why 44 patients who were randomised in the FOOD trial
were not included in the swallowing study

Reasons n ('Yo)

Refused 3 (7)

Equipment not available 30 (68)

Equipment failure 2 (4.5)

Transferred to another hospital 2 (4.5)

Notified of admission seven days from stroke onset 4 (9)

Not suitable for monitoring, i.e. patient agitated 3 (7)

Total 44(100)
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Table 6.5 Comparison of the patients' stroke according to whether they had a
swallowing assessment performed by a SLT (n=83) or not (n=51)

Patient characteristics n (%) who n (%) that Odds Ratio Chi-square
had SLT had no (95% CI) P-valuef
assessment assessment

(n=83)f (n=51)f
Male 49 (59) 23 (45) 1.7 (0.86, 3.50) 2.4 p=0.12
Median age 73.6 70.4 p=0.08
OHS (3-5) prior to stroke 30 (36) 9(18) 2.6 (1.15, 6.29) 5.4 p=0.02
TACS 30 (94) 2 (4) 13.8 (3.14, 61.10) 18.4 p<0.01
Severe motor deficit 46 (55) 3 (6) 19.8 (5.73, 69.02) 43.4 p<0.01
Drowsiness 45 (54) 13 (25) 3.5 (1.60,7.40) 10.6 p<0.01
Abnormal swallowing 57 (69) 2 (4) 53.7 (12.1,273.9) 53.7 p<0.01
Dysarthria and/or dysphasia 66 (80) 19 (37) 6.5 (3.00, 14.24) 24.3 p<0.01
Breathing problems 31 (37) 0 0.5 (0.42,0.61) 24.8 p<0.01
On oxygen therapy 10(12) 0 1.6 (1.47, 1.97) 6.6 p<0.01
Dead or dependent six 65 (78) 22 (43) 6.4 (2.7, 15.26) 19.9 p<0.01
months after the stroke

(OHS 3-6)

| Except age, Mann-Whitney test

Abbreviations: SLT, speech and language therapist; TACS, total anterior circulation
syndrome; OHS, Oxford Handicap score; and 95%CI, 95% confidence interval
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Table 6.6 Reasons why 49 patients did not have their physiological variables
measured before, during and after the bedside swallowing assessment
performed by the SLT

Reasons n (%)

Study stopped eight months prior to intended end point 29 (59)

SLT performed the assessment and did not contact the observer 10 (20)

Equipment Failure 1 (2)

Equipment in use 9 (18)

Total 49 (100)
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Table 6.7 The mean Sa02 recorded before, during and after the SLT bedside
swallowing assessment in 34 stroke patients

n of patients Baseline Sa02% during Sa02% after
SaC>2% the SLT test the SLT test

All patients
n=34
mean (SE)
median (IQR)
range

95.5 (0.38)
95.6 (3.53)
89.6 to 98.8

94.9(0.44)
95.0(3.45)
89.6 to 99.1

95.6 (0.44)
96.0 (3.80)
89.1 to 99.0

Patients classified as safe to

orally feed n=17
mean (SE) 95.3 (0.59) 94.6 (0.72) 95.7 (0.76)
median (IQR) 95.4(3.40) 95.0 (4.90) 95.8 (4.65)
range 89.6 to 98.8 89.6 to 99.0 89.1 to 99.0

Patients classified as unsafe
to orally feed n=17
mean (SE) 95.8 (0.48) 95.1 (0.50) 95.5 (0.46)
median (IQR) 96.1 (1.97) 95.0(3.15) 95.6 (2.65)
range 91.6 to 98.1 91.2 to 99.1 91.6 to 99.0

Patients not on oxygen
therapy n=27
mean (SE) 95.4 (0.43) 94.9 (0.49) 95.3 (0.51)
median (IQR) 95.5 (3.50) 95.8 (3.30) 95.4(3.90)
range 89.6 to 98.8 89.6 to 99.0 89.1 to 99.0

Patients on oxygen therapy
n=7

mean (SE) 96.1 (0.81) 94.7(0.98) 96.7 (0.72)
median (IQR) 96.2 (1.70) 94.8 (3.90) 97.2 (3.00)
range 91.6 to 97.8 91.2 to 99.1 93.4 to 99.0
Abbreviations: SE, standard error; IQR, inter-quartile range, SLT, speech and
language therapist
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Table6.8Desaturation(afallinmeanSaC>2of3%ormore)duringtheswallowingassessmentperformedbytheSLTin5/34(15%)
ofstrokepatients Patient

Age

Sex

OCSP

SLT

Breathing

Oxygen

Baseline

Minimum

Baseline-During

ID

classification
problems

therapy

minimum Sa02%

Sa02%during theSLTtest

Sa02%

9

79

M

PACS

unsafe

no

no

97.3

94.1

3.2

33

83

F

PACS

safe

yes

no

93.3

89.7

3.6

35

48

M

TACS

safe

no

no

96.4

91.5

4.9

72

69

F

PACS

unsafe

yes

yes

97.8

94.4

3.4

157

85

M

TACS

unsafe

96.1

93.1

3.0

Abbreviations:M,male;F,female;OCSP,OxfordCommunityStrokeProject;;TACS,totalanteriorcirculationsyndrome;PACS,partial anteriorcirculationsyndrome;LACS,lacunarsyndrome;POCS,posteriorcirculationsyndrome;andSLT,speechandlanguagetherapist
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Table 6.9 The minimum Sa02 recorded before, during and after the SLT
bedside swallowing assessment in 34 stroke patients

n of patients Baseline Mean minimum Mean minimum
mean SaC>2% during Sa02% after the
minimum the SLT test SLT test

Sa02%
All patients
n=34
mean (SE) 93.9(0.55) 95.0 (0.66) 94.18 (0.50)
median (IQR) 95.0(3.50) 94.0 (6.25) 95.0(3.00)
range 84 to 98 85 to 98 86 to 98

Patients classified as safe to

orally feed n=17
mean (SE) 93.5 (0.96) 92.41 (1.03) 94.71 (0.77)
median (IQR) 95.0(5.50) 94.00 (7.50) 95.0 (4.00)
range 84 to 98 85 to 98 88 to 98

Patients classified as unsafe
to orally feed n=17
mean (SE) 94.18 (0.56) 92.94 (0.86) 93.65 (0.63)
median (IQR) 95.0 (3.00) 94.0 (6.00) 94.0 (2.60)
range 89 to 97 85 to 97 86 to 97

Patients not on oxygen
therapy n=27
mean (SE) 93.6 (0.65) 92.9 (0.74) 94.0 (0.60)
median (IQR) 95.0 (5.00) 94.0 (7.00) 95.0 (3.00)
range 84 to 98 85 to 98 86 to 98

Patients on oxygen therapy
n=711— /

mean (SE) 94.7 (0.87) 92.0 (1.56) 94.86 (0.70)
median (IQR) 95.0 (2.00) 92.1 (6.00) 96.0 (3.00)
range 90 to 97 85 to 97 92 to 97

Abbreviations: SE, standard error; IQR, inter-quartile range, SLT, speech am
language therapist
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Table6.10Desaturation(afallinmeanSa02of3%ormore)inminimumSa02duringtheswallowingassessmentperformedby theSLTin5/34(15%)ofstrokepatients Patient.AgeSexOCSPSLTBreathingOxygenBaselineSa02%duringBaseline-During
ID

classification
problems

therapy

Sa02%

theSLTtest

Sa02%

9

79

M

PACS

unsafe

no

no

94

88

6

19

81

F

PACS

safe

yes

no

95

91

4

23

87

M

PACS

unsafe

no

no

95

89

6

34

70

F

LACS

safe

no

no

95

85

10

49

54

F

TACS

safe

yes

yes

96

92

4

70

75

M

LACS

unsafe

yes

no

96

93

3

72

69

F

PACS

unsafe

yes

yes

94

85

9

157

85

M

TACS

unsafe

yes

yes

95

90

5

Abbreviations:M,male;F,female;OCSP,OxfordCommunityStrokeProject;TACS,totalanteriorcirculationsyndrome;PACS,partial anteriorcirculationsyndrome;LACS,lacunarsyndrome;POCS,posteriorcirculationsyndrome;andSLT,speechandlanguagetherapist
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Table 6.11 The mean systolic, mean and diastolic BP before, during and after in
the 34 stroke patients who had a SLT swallowing assessment

Baseline During the SLT After the SLT
___ __ (n=28) test (n=20) test (n=28)
Systolic BP
mmHg
mean (SE) 164.7 (4.81) 170.7 (7.04) 159.4(4.28)*
range 119 to 216 126 to 231 128 to 214
Mean BP mm 11 g
mean 116.1 (3.75) 121.8 (5.55) 113.9(3.37)
range 86 to 169 86 to 173 89 to 162
Diastolic BP

mmHg 86.9(3.11) 93.9(5.05) 87.25 (2.89)
mean 51 to 139 62 to 141 68 to 132

range
Abbreviations: SE, standard error; SLT, speech and language therapist

* p=0.033, mean systolic BP recorded after the test was significantly lower than
baseline recordings.
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Table 6.12 The mean heart rate recorded before, during, and after in the 34
stroke patients who had the SLT bedside swallowing assessment

n of patients Baseline Heart rate Heart rate
heart rate (bpm) during (bpm) after

__ _____ (bpm) the SLT test the SLT test
All patients
n=34
mean (SE) 77.9 (2.71) 80.15 (2.70) 78.3 (2.9)
range 54 to 113 54 to 120 61 to 116

Patients classified as safe
to orally feed n=17
mean (SE) 74.4(3.67) 77.9 (3.22) 74.1 (3.73)
range 56 to 106 56 to 103 55 to 104

Patients classified as

unsafe to orally feed n=17
mean (SE) 81.5 (3.90) 82.4(4.36) 82.6 (3.73)
range 54 to 113 59.7 to 120 57 to 116

Patients not on oxygen
therapy n=27
mean (SE) 75.9 (2.93) 78.0(3.10) 76.2 (3.12)
range 54 to 113 57 to 120 56 to 116

Patients on oxygen
therapy n=7
mean (SE) 85.8 (6.27) 86.5 (4.84) 86.6 (7.3)
range 56 to 108 64 to 106 55 to 114
Abbreviations: SE, standard error; SLT, speech and language therapist
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Table 6.13 History of the patients' stroke in 106 patients who were deemed safe
to feed orally

Characteristics n (%)
OCSP Clinical Classification:
Total Anterior Circulation Stroke (TACS) 18(17)
Partial Anterior Circulation Stroke (PACS) 51 (48)
Lacunar Circulation Stroke (LACS) 20 (19)
Posterior Circulation Stroke (POCS) 14 (13)
Uncertain 3 (3)

Motor deficits:
Yes 83 (78)
Right hemiparesis 39 (37)
Left hemiparesis 38 (36)
Bilateral 6 (5)

Outcome at six months (OHS):
Independent 33 (31)
Dependent 50 (47)
Dead 13 (12)
uncertain 10 (10)
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Table 6.14 Reasons why the 50 hospitalised control patients were admitted to
hospital

Reason for admission to hospital n (%)
Heart disease 9 (18)
Pulmonary disease 7 (14)
Deep venous thrombosis 3 (6)
Gastric/intestinal complaints 10 (20)
Poor mobility 6 (12)
Other: 15 (30)

Frequency of urine 1
Poor urine output 1
Back pain 4

Cellulitis of leg 5
Jaudice 1
Renal failure 1
New diabetic 1
Throat infection and general malaise 1

Total 50(100)
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Table 6.15 Comparisons between stroke patients (n=106), elderly hospitalised
patients (n=50), and young healthy control subjects (n=20) deemed safe to feed
orally.
Characteristics Stroke Patients Elderly hospitalised Young healthy

n (%)f control subjects subjects
n (%)t n (%)t

Median Age (years) (range) 74 (37 to 94) 81 (49 to 94)* 35 (26 to 44)
Male 57 (54) 15 (30)** 8 (40)**
History of hypertension 46 (43) 24 (48) 0

Anti-hypertensive 38 (36) 24 (48) 0
Beta Blockers 12(11) 5 (10) 0

Breathing problems 14(13) 10 (20) 0

Oxygen therapy 1 (1) 1 (2) 0

Irregular pulse 25 (24) 2 (4) 0

Type of meal:
Normal diet 61 (58) 50 (100) 20(100)
Soft 28 (26) 0 0

Pureed (holds it's shape) 17(16) 0 0

Thickened fluids 10 (9) 0 0

No fluids 4 (3) 0 0

Required help feeding 32 (30) 0 0

Median time (minutes) (range)
taken to complete meal: 15 (6 to 33) 16 (7 to 27) 12 (7 to 16) ***

<10 minutes 23 (22) 9 (18) 7 (35)
11-20 minutes 69 (65) 35 (70) 13 (65)
>20 minutes 14(13) 6 (12) 0

Sitting in a chair 86(81) 48 (96) 20(100)
Sitting propped-up in bed 20(19) 2 (4) 0

f Except age and time taken to complete meal.

*, significantly older than stroke patients (pO.OOl, Mann Whitney)

**, significantly lower % ofmale subjects in the two control groups (p=0.018, Chi-square)

***, young healthy control subjects took significantly less time to complete their meal than stroke or
elderly control patients (p<0.005, Kruskal Wallis)
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Table 6.16 Baseline median and minimum SaC>2 (IQR) and range recorded in
stroke patients (n=106), elderly patients (n=50) and young healthy subjects
(n=20) before eating a daily meal

Baseline median Baseline minimum

Sa02 % (IQR), range SaCV/o (IQR), range
Stroke patients 95.7 (2.85) 86.2 to 99.7 95.0 (4.0) 80.0 to 99.0

Elderly hospitalised 96.3 (2.93) 87.2 to 99.2 96.0(3.0) 93.0 to 99.0
patients

Young healthy subjects 97.9 (1.97) 93.0 to 99.6 97.0(6.0) 93.0 to 99.0

p-value (Kruskal Wallis) pO.OOl pO.OOl
Abbreviations: IQR, inter-quartile range.
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Table 6.17 Median and minimum differences between baseline SaC>2 and values
recorded during and after the meal in stroke patients (n=106), elderly control
patients (n=50), and young healthy control subjects (n=20)

Baseline - During Baseline - After
Sa02 (IQR) range SaO: (IQR) range

Stroke patients:
median 0.10(1.75) -2.4 to 4.3 0.4 (1.43) -2.6 to 6.0*
minimum 1.00(2.25) -17 to 12* 0 (3.00)-17 to 22.0
Elderly hospitalised patients:
median 0.20(1.10) -2.2 to 5.6* 0.1(1.45) -3.7 to 6.0
minimum 0.50 (3.00) -2.0 to 10* 0 (2.00) -23 to 18.0
Young healthy subjects:
median -0.05 (0.95) -1.1 to 4.3 -0.35 (1.87)-1.8 to 3.6
minimum 0 (1,00) -1.0 to 9.0 -1.00(1.75) -6.0 to 11
p-value, Kruskal Wallis
median p=0.992 p=0.067
minimum p=0.039 p=0.317
Abbreviations: IQR, inter-quartile range.

* p=0.004, paired comparisons Wilcoxon

380



Chapter Six

Table 6.18 Mean baseline systolic, mean and diastolic BP in stroke patients
(n=93), elderly patients (n=49) and young healthy control subjects (n=20) before
eating a daily meal

Baseline Baseline Baseline

systolic BP mean BP diastolic BP

mmHg mmHg mmHg
Stroke patients:
Mean (SE) 150.34 (2.56) 107.24(1.91) 82.27(1.65)
range 104 to 234 60 to 163 29 to 127

Elderly hospitalised patients:
Mean (SE) 129.29 (3.08) 92.57 (2.20) 71.63 (1.78)
range 97 to 193 65 to 135 49 to 107

Young healthy subjects:
Mean (SE) 123.65 (2.16) 89.0(1.90) 69.70(1.66)
range 109 to 150 76 to 116 54 to 91

p-value (One-way ANOVA) pO.001 pO.OOl pO.OOl
Abbbreviations: SE, standard error; and BP, blood pressure.
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Table 6.19 Mean heart rate in stroke patients (n=106), elderly patients (n=50)
and young healthy control subjects (n=20) before eating a daily meal

Baseline heart Heart rate Heart rate
rate (bpm) (bpm) during (bpm) after the

the meal meal
Stroke patients:
Mean (SE) 69.92 (1.28) 74.92 (1.28) 74.66 (1.36)
range 38.8 to 103 46.9 to 112 47.0 to 117
Elderly hospitalised
patients:
Mean (SE) 77.18 (2.08)* 81.60(2.13) 81.17 (1.97)
range 47.4 to 131 50.2 to 120 50.5 to 118
Young healthy subjects:
Mean (SE) 65.92(1.95) 71.95 (1.46) 67.73 (1.65)
range 50 to 84,8 60.9 to 84,3 49.8 to 81.1
Abbreviations: SE, standard error.

*significantly higher than stroke patients and young healthy control subjects.

382



Chapter Six

Table 6.20 Comparison of the patients' stroke according to whether they
required non-oral supplementary feeding (n=35) or not (n=99)

Patient characteristics n (%) who
had feeding
tube
inserted

(n=35)t

n (%) who did
not require a
feeding tube
(n=99)f

Odds Ratio

(95% CI)
Chi-square
P-valuef

Male 19 (54) 53 (54) 1.03 (0.47,2.23) 0.01

p=0.936

Median age 77 73 p=0.070

OHS (3-5) prior to stroke 14 (40) 25 (25) 2.07 (0.91,4.70) 3.10

p=0.078

TACS 16 (46) 16(16) 4.36(1.86, 10.3) 14.42

p<0.001

Severe motor deficit 25 (71) 24 (24) 7.81 (3.29, 18.6) 24.82

p<0.001

Drowsiness 26 (74) 32 (32) 6.05 (2.54, 14.4) 18.55

p<0.001

Dysarthria and/or
dysphasia

30 (86) 55 (55) 4.80(1.72, 13.4) 10.14

p=0.001

Breathing problems 25 (71) 6 (6) 38.8(12.8, 117) 62.14,
pO.001

On oxygen therapy 9(25) 1 (1) 33.9 (4.11,280) 22.85

p<0.001

Dead or dependent six
months after the stroke

(OHS 3-6)

32 (91) 55 (55) 9.60 (2.15,42.7) 11.98

p=0.001

f Except age, Mann-Whitney test

Abbreviations: SLT, speech and language therapist; TACS, total anterior circulation
syndrome; and 95% CI, 95% confidence interval
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Table 6.21 Median and minimum Sa02 (%), mean BP and mean heart rate
recorded before, during and after NG feeding tube insertion in 14 acute stroke
patients

Before NG During NG After NG
insertion insertion insertion

93.40 (4.2) 95.00 (2.7)
88.7 to 96.5 89.1 to 98.5

92.00(8.0) 93.50(1.3)
76.0 to 96.0 87.0 to 97.0

163.8 (9.1)
110 to 210

115.5 (6.6)
81 to 151

88.1 (5.8)
53 to 118

84.56 (3.46) 82.70 (3.73)
58.6 to 102 57.6 to 106

Abbreviations: bpm, beat per minute; IQR, inter-quartile range; and SE, standard
error.

Sa02 (%)
(n=14):
Median (IQR) 95.15 (3.3)
range 86.0 to 98.8

Minimum (IQR) 93.50(3.5)
range 79.0 to 98.0

Mean BP

(mmHg) (n=12):
Systolic (SE) 163.6(10.2)
range 109 to 219

Mean (SE) 118.0(10.6)
range 82 to 160

Diastolic (SE) 89.4 (5.8)
range 53 to 123

Heart rate (bpm)
(n=14):
Mean (SE) 81.09 (4.3)
range 60.3 to 113
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Table6.22StrokecharacteristicsofthesixpatientswhohavehadphysiologicalrecordingstakenbeforeandafterPEGinsertion Patient

Sex

Age

OCSPclinical
Motor

Outcomeat
Delayfrom

Randomised

Breathing

Irregular

ID

(years)

classification
deficit

sixmonths
strokeonsetto

betweenNG

problems

pulseat

PEGinsertion
versusPEGin
yes/no

thetimeof

(days)

FOODtrial

study

19

F

82

LeftPACI

moderate

dead

15

yes

yes

yes

120

M

63

LeftPACI

moderate

dead

39

yes

yes

yes

154

M

78

LeftTACI

severe

dead

15

yes

yes

no

162

M

68

LeftTACI

severe

independent
24

no

yes

no

184

M

85

LeftPACI

none

dead

15

no

yes

yes

210

F

83

RightTACI
severe

dead

49

no

no

yes

F,Female;M,Male;OCSP,OxfordCommunityStrokeProject;TACI,totalanteriorcirculationinfarct;andPACI;posterioranterior circulationinfarct.
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Table 6.23 Mean Sa02, BP and heart rate recordings taken immediately before
and after PEG insertion

ID Recordings Sa02 % Systolic BP Mean BP Diastolic Heart rate
taken on day
of PEG
insertion

(SE) mmHg
(SE)

mmHg
(SE)

BP mmHg
(SE)

bpm
(SE)

19 Before 94.2 (0.12) 231 (4.73) 172 (6.51) 132 (6.56) 82.9(1.17)
During 96.0 (0.52) 227 (13.1) 140 (7.22) 90(1.76) 80.5 (1.99)
After 91.3 (0.27) 174(11.9) 120 (6.32) 82 (6.56) 85.4(1.03)

120 Before 94.8 (0.12) 142 (2.66) 101 (1.63) 73 (0.81) 60.9 (0.99)
During 96.2 (0.30) 227 (0.50) 92 (29.5) 173 (44.5) 57.5 (1.34)
After 91.4 (0.31) 125 (3.76) 93 (4.75) 76 (5.58) 57.5 (1.45)

154 Before 95.4 (1.29) 148 (3.00) 113 (1.50) 94 (0.50) 65.0(1.79)
After 94.4 (0.52) 153 (3.67) 115 (0.67) 93 (1.45) 61.8(1.82)

162 Before 96.3 (0.24) 129 (3.53) 99 (1.45) 82 (0.33) 91.4 (0.36)
After 94.7(0.14) 91 (1.53) 70 (3.18) 58 (2.33) 85.7 (0.47)

184 Before 95.9(0.16) 183 (5.70) 162 (5.36) 142 (6.06) 80.5 (1.06)
After 95.1 (0.25) 182 (4.10) 158 (6.77) 140 (7.02) 84.3 (1.40)

210 Before 99.5 (0.17) 136 (2.50) 96 (4.00) 75 (5.00) 85.6 (0.69)
After 92.4 (0.15) 117(2.08) 86 (2.33) 67 (0.67) 86.0 (0.74)

Abbreviations: bpm, beat per minute; IQR, inter-quartile range; and SE, standard
error.
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Figure 6.1 Dysphagia care model from the SLT Department, Western General
Hospital, Edinburgh (Scottish Intercollegiate Guidelines Network 1998)
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Figure 6.2 Summary of nutritional management of 134 patients admitted to
hospital with an acute stroke and included in the study.
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Figure 6.3 Summary of the number of patients in the swallowing study who
were also randomised in the FOOD trial between 1 October 1996 to 30

September 1998.
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Figure 6.4: Tracings ofminute by minute Sa02 before, during and after the SLT
swallowing assessment in five patients who had clinically significant falls in
Sa02 during the test (that is Sa02 to 90% or below).
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Figure 6.4c
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Figure 6.4e
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Figure 6.5 Mean systolic, mean and diastolic differences in BP (mmHg), the bars
represent the 95% confidence intervals, between BP at baseline and during the
meal.

Diastolic BP

■ Stroke patients (n=88)
□ Elderly hospitalised control patients (n=44)
□ Young healthy control subjects (n=20)

Positive change indicates that BP increased from the baseline value during the meal
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Figure 6.6 Mean systolic, mean and diastolic differences in BP (mmHg), the bars
represent the 95% confidence intervals, between BP at baseline and after
completion of the meal.

Systolic BP Mean BP Diastolic BP

■ Stroke patients (n=93)
□ Elderly hospitalised control patients (n=49)
□ Young healthy control subjects (n=20)

Negative change indicates that BP decreased from the baseline value after the meal
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Figure 6.7 Tracing of minute by minute Sa02 before, during and after the NG
tube insertion in one patient who had clinically significant falls in Sa02 (that is
Sa02 to 90% or below)
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Figure 6.8 Tracings of minute by minute SaC>2 and heart rate before, during and
after PEG insertion in each of the six patients.
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Figure 6.8c Patient ID=154
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Figure 6.8e Patient ID=184
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Chapter Seven: Implications for the future

7.1 Summary and final conclusions

This study can be viewed as a necessary intermediate step towards identifying those

stroke patients most at risk of important physiological changes in SaC>2, BP and heart

rate during routine positioning and feeding by nurses. It is hoped that the results of

this study may be used to design randomised controlled trials to test the efficacy of

nursing interventions to prevent and treat episodes of hypoxaemia and hypotension

during positioning and feeding of acute stroke patients. Even a marginal

improvement in functional outcome after stroke (the commonest cause of adult

disability) would have important benefits to both individuals and society with an

associated reduction in cost to society. As nurses are crucial to the delivery of stroke

care in the multidisciplinary team, it is to be hoped that this study will encourage

nurses to become evidence-based practitioners, particularly by encouraging them to

undertake their own prospective observational studies or randomised controlled trails

to establish best possible practice. Nurses need to become much more familiar with

critical evaluation of their day to day work to ensure that their own within nursing

procedures, as well as their interactions with other health care professionals, result in

the best clinical outcome for most patients within a cost conscious healthcare

environment.
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Fortunately, this study has shown that only small numbers of acute stroke patients

experience large changes in their SaC>2 during and after routine positioning or

feeding by nurses. However, there were a few individuals who did experience

episodes of hypoxaemia and hypotension during the two nursing procedures. During

positioning, about 10% of the stroke patients (generally those with large cerebral

lesions, many of whom had chest disease and a right hemiparesis) experienced

hypoxaemia with changes in posture, particularly when lying on their left side.

Others, about 25%, experienced postural BP alterations, that is an increase or

decrease in systolic BP of 20mmHg or more, between supine and sitting positions.

Furthermore, patients on medication such as antihypertensives, antidepressants and

sedatives, had a four times greater risk of experiencing postural changes in systolic

BP than those who were not. During feeding, falls in Sa02 and episodes of

hypoxaemia rarely occurred in patients deemed "safe to feed orally". However, 6%

of acute stroke patients experienced substantial falls in systolic BP of 20mmHg or

more after meals and 26% experienced falls lOmmHg or more.

However, it should be noted that the results from these studies were derived from a

hospital-referred cohort and therefore may reflect some hospital referral bias. In

particular, one should consider the "casemix" when interpreting these data

(Davenport et al. 1996). Although, there are no national statistics, a recently

completed prospective study has found that the Western General Hospital (WGH),

Edinburgh, admits a larger proportion of milder strokes than four other hospitals

within the central belt of Scotland (Dr N.U.Weir, personnel communication). It is

important to note however, that the WGH was the only hospital out of the five

studied that did not have an accident and emergency department. Therefore, the
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relatively low frequency of serious hypoxaemia and hypotension during the

positioning and feeding of patients in the present study may be a reflection of the

type of stroke patients that are admitted to the WGH. Thus, one can not rule out the

possibility that in other hospitals with a greater proportion of severe strokes or with a

less stringent swallowing assessment, there might be a higher proportion of patients

who experience adverse physiological events.

Intuitively, brief exposure to mild levels of hypoxaemia and hypotension may be

particularly harmful to patients with acute stroke who have a potentially salvageable

area of brain around the stroke lesion, whereas patients without acute brain damage

probably tolerate longer periods of more severe hypoxaemia and hypotension. In

fact, head injured patients frequently experience episodes of hypoxaemia and

hypotension, which correlate significantly with poor functional outcome (Jones et al,

1994) (see section 1.3.1). However, these "secondary insults" in head injured

patients were only detected by continuous monitoring and therefore might have been

missed by standard clinical monitoring. Thus, in stroke also, more intensive

physiological monitoring, rather than the four hourly intermittent monitoring used in

most wards, might provide an early warning that could enable earlier intervention,

which in turn would prevent or reduce serious complications (e.g. brain injury) and

improve outcome after stroke. However intuitively logical, if not obvious, the

validity of this hypothesis remains to be shown.

It is primarily the responsibility of the nurses to ensure that physiological variables

are recorded accurately. In this hi-tech era, this is more commonly achieved using

automated haemodynamic devices, which were once confined to ICU but are now
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commonplace on general nursing units, including stroke units (McConnell 1995).

However, it is important to note that on the wards, unlike ICU, recordings are more

likely to be taken using non-invasive measurement. Nurses often regard such

automated devices positively, believing that they provide a quicker, more accurate

patient assessment, as well as increasing patient comfort and safety than manual

recording devices (McConnell 1995). On the other hand, automated devices may

make nurses more complacent and decrease the quality of care provided (Orkin et al.

1993). For example, the reliance on the monitor alarms that indicate abnormal

values may encourage the notion that the warning is early and the patient is enjoying

some sort of special protection (Orkin et al. 1993). However, the present study

showed that the accuracy of these measurements could only be assured if the patient

was observed throughout the recording period so as to avoid or explain artefact due

to unpredictable patient activities. In order to avoid what might be significant

physiological insults to a stroke patient, the alarm settings for 'abnormal' would need

to be fairly tight, but if alarms ring too frequently, nurses tend to ignore them or

worse, switch them off (Orkin et al. 1993). Therefore, intensive monitoring would

only be practical in current practice, in which there are increasing demands on

nurses' time, if used in those patients most at risk of adverse changes in

physiological variables. Thus, if continuous non-invasive monitoring was to be used

at present only in those patients considered to be at risk of adverse events, it would

be possible to do this on the basis of the work in this thesis, i.e. severe strokes, right

hemiplegia, with chest disease, and those on antihypertensives during positioning.
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7.2 Implications for practice

The results of the present study should help to identify those patients most at risk of

adverse physiological events during routine positioning and feeding by nurses.

Modifying current procedures for positioning and feeding may help to maintain

normal SaC>2 and BP levels, which could improve outcome after stroke. For

example:

• During positioning, SaC>2 may be improved if patients are encouraged to sit out

of bed in a chair, if they are able. This would also help to speed mobilisation and

prevent deep venous thrombosis. Furthermore, it may be prudent to avoid lying

patients on their left side with right hemiparesis and difficulties with breathing.

• During feeding, substantial falls in BP after meals may be avoided if patients take

water or caffeine drinks with their meals and/or lie down after eating to avoid

concomitant postural falls in BP.

• The present study also highlights that nurses should ensure that they receive

adequate training and education before using non-invasive automated monitoring

devices in order to guarantee reliable and accurate readings on which treatment

decisions are based.

However, although mostly common sense interpretation of the study results, the

efficacy of these interventions on long-term outcome after stroke can only be

confirmed in randomised controlled trials.
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7.3 What is the next step?

In the near future, non-invasive continuous monitoring may become more usual for

acute stroke patients, if potentially dangerous treatments such as thrombolysis are

introduced into practice. However, before instigating routine non-invasive

continuous monitoring, with its major nurse and equipment implications, even in

selected patients, it will be important to establish its efficacy in relation to outcome.

Firstly, there is a fundamental problem relating directly to the pathophysiological

meaning of these data. While it can be agreed that hypoxaemia and hypotension are

not good, we have no basis to answer several critical questions in stroke patients:

• What degree of hypoxamia and hypotension are acceptable?

• Under what circumstances?

• For how long?

• At what stage after stroke?

• In whom?

Furthermore, even if mild hypoxaemia and hypotension during positioning and

feeding of acute stroke patients are indeed related to a poor outcome, it does not

necessarily imply that measures that reduce or prevent these episodes will improve

outcome. These questions could only be answered definitively within the context of

a randomised controlled trial of adequate size (Signorini et al. 1999a). However,

such a trial would have to extraordinarily large, e.g. include several thousands of
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acute stroke patients, since the incidence of hypoxaemia and hypotension during the

positioning and feeding of acute stroke patients are relatively rare. As the present

study has identified that patients with mild strokes are very unlikely to experience

adverse physiological events, a smaller sample size may suffice if the study was

limited to only high risk patients, i.e. those with extensive cerebral infarction with

concomitant chest disease or on medication such as antihypertensives.

It would be wrong to assume that introducing continuous monitoring would be

beneficial with no risk for several reasons. Firstly, accurate non-invasive monitoring

would take up much of the nurses' time and without additional nurses, might reduce

their ability to do some other part of their job. Secondly, to purchase, validate and

maintain more monitoring equipment, as well train nursing staff in its use would be

extremely expensive. Furthermore, attaching patients to monitors that are currently

available in clinical practice restricts movement and requires that the patient keep

still. The lack ofmovement and enforced bedrest might promote complications, such

as deep venous thrombosis, chest infection, or it may reduce the speed of motor

recovery if physiotherapy and mobilisation were delayed. Finally, nurses' and

patients' frustration, as well as day to day practicalities such as hygiene, toileting etc,

may result in the device being switched off, which would hinder reliability of the

recordings. Therefore, it is advisable to conduct a large randomised controlled trial

to evaluate the feasibility, efficacy and cost effectiveness of continuous non-invasive

monitoring. Even if a trial only indicates a small absolute benefit, if monitoring and

treatment of adverse physiological events were beneficial, it would still have a large

public health impact. After all, co-ordinated stroke unit care improves outcome after

stroke (more than any currently available intervention). Thus strategies to avoid
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adverse physiological events introduced in a co-ordinated widespread manner could

have a substantial health impact.

At present, there is an ongoing multicentre trial, Monitoring in Stroke Trial (MOST),

which aims to test the efficacy of intensive non-invasive monitoring in acute stroke

(Davis et al. 1998). The trialists aim to recruit a total of 1000 stroke patients

admitted to hospital within 24 hours of stroke onset over three years. These patients

are to be divided equally between continuous non-invasive monitoring and standard

care. The patients who are allocated to continuous monitoring are attached to the

equipment for at least 72 hours, or until the deficit is judged to have substantially

resolved, if sooner. Clearly, such monitoring will enable the correction of "identified

problems", however it does not specifically evaluate the measures that reduce or

prevent these episodes.

An alternative approach may involve identifying episodes of hypoxaemia and

hypotension during nursing interventions, such as positioning and feeding, and then

randomising the corrective nursing interventions, i.e. avoiding left side, higher flow

rates of supplemental oxygen etc. However, a trial with at least 80% power to detect

an increase in the proportion of stroke patients surviving free of dependency

(OHS<3) from 50% to 52% when the null hypothesis is rejected at p-values of 0.05

and below (i.e. a=0.05, P=0.2) would require at least 20,000 acute stroke patients

divided equally between the intervention group and the control group, based on the

data in this thesis. Two pharmacological trials (International Stroke Trial

Collaborative Group 1997;Chinese Acute Stroke Trial Collaborative Group 1997)

have previously achieved this size, so it is feasible, but careful planning and testing
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of interventions and trial procedures would be required in pilot phases before

embarking on such a large trial.

7.4 Implications for research

Nursing interventions employed to avoid, or correct, for episodes of hypoxaemia or

hypotension need to be evaluated in the context of a randomised controlled trial.

This would need to be:

• Multicentred

• Include at least 20,000 patients

• Prior to this, substantial pilot work would be required as outlined above.

It should not be underestimated how difficult it would be to implement a trial of

nursing interventions. Firstly, tracking outcomes, such hypoxaemia and hypotension,

because of their much lower incidence, would require substantially large sample

sizes (even if it was limited to high-risk patients) and therefore, many centres would

need to take part (see above). However, if only high-risk stroke patients (i.e. right

hemiparesis, chest disease) were included there would be difficulty in generalising

the results to the larger group of patients admitted to hospital with acute stroke.

Secondly, blinding of the observer to the intervention, such as supplemental oxygen

therapy or avoiding the left side, would be difficult and there may be some observer

bias. Third, there may be problems of non-compliance of interventions aimed to

reduce adverse physiological events, i.e. patients often take their oxygen masks off,
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may naturally feel comfortable when lying on their left side or refuse to eat their

modified meal. Moreover turning bed-bound patients on to their left side may be

unavoidable, as patients need to be turned by nurses to change sheets, during bed-

baths and toileting. Also, such interventions and training of nurses would have cost

and organisation implications for most hospitals. It would also be important to

ensure that the monitoring and treatment of adverse physiological events does not

inhibit the medical and nursing staff on the ward from providing other patient care.

Finally, definitions of hypoxaemia and hypotension and intervention protocols would

have be agreed (see above). Despite these difficulties, such trials should be

encouraged so that we can find out which mechanisms of stroke unit care prevent

general worsening of the patient's physical condition and improve outcome after

stroke (Langhorne et al. 1993). Because stroke is so common, even a small benefit

from treatment would have a large public health impact.

7.5 Towards evidence based practice

The process of admitting, investigating and treating someone with a stroke is

multifactorial and involves many different healthcare professionals. A

multidisciplinary approach towards evidence-based practice, critical care pathways,

and practice guidelines would be expected to provide more coherent quality stroke

care. In today's managed care environment, there are no reasons why nurses cannot

be at the forefront of such a coherent approach. This should not only improve the

quality and cost-effectiveness of stroke patient care, but may also increase the

number of nurses interested in stroke research.
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Appendices

Appendix 1: Questionnaire on the positioning of stroke patients sent to nurses,
physiotherapists and occupational therapists working with stroke patients at the
Western General Hospital, Edinburgh

Stroke is a difficult and common problem. There is no consensus in the literature on
how to position acute (first 7 days from stroke onset) stroke patients with moderate
to severe hemiplegia who cannot move themselves without help. We thought it
would be useful to ask Nurses and Therapists: what you do, why you do it, and
whether you think it can be improved. We want to know your views and ideas.

1. Questionnaire

2. Ward number

3. Does the positioning strategy for stroke patients used on your ward have a
name

4. The most important aim of a positioning strategy for stroke patients is to
(rank a to e in order of importance)
a. Encourage functional recovery of affected limbs
b. Prevent complications, i.e. pressure sores and chest infections
c. Protect the vulnerable brain
d. Encourage compensatory movements of unaffected limbs
e. Comfort of the patient

5. Current positioning strategies will (circle all relevant answers)
a. Protect the vulnerable brain
b. Encourage functional recovery of affected limbs
c. Prevent complications, i.e. pressure sores and chest infections
d. Encourage compensatory movements of unaffected limbs
e. All of these
f. None of these

g. Don't know

6. Conscious stroke patients should be allowed to sit up in bed (circle one only)

a. On the day of the stroke
b. After the head scan (CT or MRI)
c. Earlier than 7 days
d. More than 7 days
e. None of these
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7. What do you think are the best positions for nursing conscious hemiplegic
stroke patients? (circle all relevant answers)
a. Supine
b. Lying horizontally on the unaffected side
c. Lying horizontally on the paretic side
d. A 30 degree propped up angle in bed
e. A 70 degree propped up angle in bed
f. Sitting in a chair
g. All of these
h. None of these

8. What do you think are the best positions for nursing unconscious hemiplegic
stroke patients? (circle all relevant answers)
a. Supine
b. Lying horizontally on the unaffected side
c. Lying horizontally on the paretic side
d. A 30 degree propped up angle in bed
e. A 70 degree propped up angle in bed
f. Sitting in a chair
g. All of these
h. None of these

9. Should any of the above positions be avoided in the first seven days of stroke
onset. Please explain your answers and state which positions (a to f) should be
avoided for conscious and unconscious hemiplegic stroke patients.

a. In conscious stroke patients Positions: Reason:

b. In unconscious stroke patients Positions: Reason:

10. How often should acute hemiplegic stroke patients be turned? (circle one)
a. 2 hourly
b. 4 hourly
c. Depends on pressure sore risk
d. As little as possible
e. Not at all

Explain answer if necessary:

11. Should we change our current positioning strategies for hemiplegic stroke
patients? tick one box)

Yes No

Please explain your answer
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Appendix 2 Chart on positioning hemiplegic patients as used by
physiotherapists and nurses at the Western General Hospital, Edinburgh

• Lying on the paretic side
1. No backrest (1-2 pillows for

head)

2. Affected shoulder well forward

3. Place good leg forward on a

pillow
4. Pillow place behind back

• Lying on non-paretic side

1. No backrest (1-2 pillows for

head)
2. Affected shoulder forward with

arm on pillow
3. Place affected leg backward on

a pillow
4. Pillow placed behind back

• Sitting Up

1. Sitting well back and in centre

of chair

2. Affected arm placed well
forward on table or pillow

3. Feet flat on floor

4. Knees directly above feet

• Sitting in bed

1. Sitting in bed is not desirable
2. Affected arm placed on pillow
3. Legs are straight
4. Sitting upright and well

supported
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Appendix 3: Conference proceedings searched

1. Geriatric Conferences

• British Geriatrics Society, 18-19 October 1990. Age and Ageing 1991 ;20 (suppl 1)
• British Geriatrics Society, Belfast, Northern Ireland, 4-6 April 1991
• British Geriatrics Society, 17-18 October 1991. Age and Ageing 1991 ;20 (suppl 1)
• British Geriatrics Society, 2-3 April 1992. Age and Ageing 1992;21 (suppl 2)
• British Geriatrics Society, 15-16 October 1992. Age and Ageing 1993;22 (suppl 2)
• British Geriatrics Society, 15-17 April 1993. Age and Ageing 1993;22 (suppl 3)
• British Geriatrics Society, 14-15 October 1993. Age and Ageing 1994;23 (suppl 1)
• British Geriatrics Society, 18-19 April 1994. Age and Ageing 1994;23 (suppl 2)
• British Geriatrics Society, 13-14 October 1994. Age and Ageing 1995;24 (suppl 1)
• British Geriatrics Society, 6-8 April 1995. Age and Ageing 1995;24 (suppl 2)
• British Geriatrics Society, 12-13 October 1995. Age and Ageing 1996;24 (suppl 2)
• British Geriatrics Society, 3-4 October 1996. Age and Ageing 1997;26 (suppl 1)
• British Geriatrics Society, 10-11 April 1997. Age and Ageing 1997;26 (suppl 3)

2. Stroke Conferences

• 1st European Stroke Conference, Dusseldorf, FRG, 10-12 May 1990 (Journal of
Neurology 1990;237(2): 129-161).

• 2nd European Stroke Conference, Lausanne, Switzerland, June 25-27, 1992
(Cerebrovascular Diseases 1992;2(4): 185-252).

• 3rd European Stroke Conference, Stockholm, Sweden, May 26-28, 1994 (Cerebrovascular
Diseases 1994;4(4):211-328).

• 4th European Stroke Conference, Bordeaux, France, June 1-3, 1995 (Cerebrovascular
Disease 1995; 5(4):217-314).

• Joint 3rd World Stroke Congress and 5 th European Stroke Conference, Munich, Germany,
September 1-4, 1996 (Cerebrovascular Diseases 1996;6 (suppl2):l-192.

• 6th European Stroke Conference, Amsterdam, The Netherlands, May 28-31, 1997
(Cerebrovascular Diseases 1997;7(suppl4):l-94).

• 19th International Joint Conference on Stroke and Cerebral Circulation, San Diego,
California, February 17-19,1994 (Stroke 1994;25(1)).

• 20th International Joint Conference on Stroke and Cerebral Circulation, Charleston, South
Carolina, February 9-11, 1995 (stroke 1995;26( 1)).

• 21st International Joint Conference on Stroke and Cerebral Circulation, San Antonio,
Texas, January 25-27,1996 (Stroke 1996;27(1)).

• 22nd International Joint Conference on Stroke and Cerebral Circulation, Anaheim,
California, February 6-8, 1997 (Stroke 1997;28(1)).
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Appendix 4a: Quality, reliability and safety specification for the Kontron BP
Module 7282.

The equipment has been designed and manufactured to meet
the requirements of the following safety standards:

IEC 601-1 and corresponding national standards
IEC 601-2 and corresponding national standards and drafts
when applicable

CSA C22.2 No 125
UL 544

Plus other National Standards and directives
AAMI - USA
ANSI - USA
PTB - Germany
NFC - France

Compliance with these standards is implemented through
KONTRON instruments policy of type testing and approval by
one or more of the following Test houses:

B.S.I (UK)
T.U.V. (Germany)
I.M.Q (Italy)
C.S.A. (Cananda)
G.L.E.M. (France)
P.T.B. (Germany)
And other as appropriate
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Appendix 4b: Protocol for evaluation of research NIBP monitors
using NIBP simulators (e.g. Dynatech Nevada CuffLink)

(Amoore 1998)

Stage Test Protocol
1 Pressure

Range
Five consecutive determinations at each of the 7

pressures ranging from 60/30mmHg to
225/195mmHg.
The average Bias and standard deviation are calculated
for each pressure level.

2 Measurement

Consistency
Consecutive determination at the same pressure.
Assess the consistency ofmeasurements over 30 or
more determinations.

3 Ramp Test Ability to follow abrupt changes in pressure.
The stimulated pressure is changed between
determinations, rising from 60/30 to 255/195 and then
back to 60/30 with the cycle repeated.

4 Pulse Rates Ability to record consistently over pulse rate range.
Pulse rate varied from 40bpm to 200bpm. Measure
determination time and variability at each pulse rate.

5 Artefact Effect of artefact on the measurements.

Simulated low frequency (Motion) and mixed high and
low frequency artefact added to the oscillometric
waveform.

6 Pulse

Strength
Ability to record weak pulses.
Pulse strength decreased down to 10% of the nominal
normal strength.
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Appendix 4c: Figure 1, The difference in systolic BP using the
simulator (Dynatech Cufflink device) and the Kontron BP module
(7250) versus the average systolic BP using the two devices (mmHg).
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Appendix 4c: Figure 2, The difference in diastolic BP using the
simulator (Dynatech Cufflink device) and the Kontron BP module
(7250) versus the average diastolic BP using the two devices (mmHg).
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Appendix 4c: Figure 3, The difference in mean BP using the simulator
(Dynatech Cufflink device) and the Kontron BP module (7250) versus
the average mean BP using the two devices (mmHg).
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Appendix 5: Kontron Instruments operating manual for the oxygen saturation
module 7278-100 - The TR (Transmissive/Reflective) sensor.

Section 1.4

The TR (Transmissive/Reflective) sensor. The detector is partially protected by the
sensor geometry from optical interference. The emitter does not lie directly against
the detector if the sensor is detached from the patient. This sensor is potentially the
most sensitive to optical interference, especially when detached from the patient.

Section 1.6.3

The TR-sensor is designed mainly for long-term oxygen saturation monitoring. The
special design and light-weight of the TR-sensor and its secure method of attachment
have considerable advantages:

• Signal quality is largely independent of digit thickness
• The TR-sensor is highly insensitive to movement artefact
• The risk of a patient inadvertently detaching a sensor by movement (e.g. during

recovery from anaesthesia or during transport) is virtually eliminated.
• The fixation wrap guarantees shielding from ambient light.
• The TR-sensor can be used when the finger-clip sensor cannot for example on

patients with very long or heavily painted fingernails.
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Appendix 6: Demographic data collected by the responsible medical stroke
registrar for the Lothian Stroke Register

Patient Characteristics

1. Age (years)
2. Sex (male/female)
3. Race (Caucasian/Negroid/Oriental/Asian)
4. Martial status at time of stroke (married/widow/divorced/single)
5. Employment status at time of stroke (employed/retired/unemployed/housewife)
6. Lives alone (yes/no)
7. Handedess (right/left/both)
8. Driver before stroke (yes/no)
9. Oxford Handicap Score before stroke (OHS 0-5)
10. Smoker (never/stopped>12months/current)
11. Alcohol intake > 2 units daily (yes/no)

Past Medical History

12. Previous stroke with residual disability (yes/no)
13. Previous stroke without residual disability (yes/no)
14. Previous transient ischaemic attack (yes/no)
15. Previous carotid endarterectomy (yes/no)
16. Hypertension (yes/no)
17. Angina pectoris (yes/no)
18. Atrial fibrillation (yes/no)
19. Breathlessness walking on an incline (yes/no)
20. Cardiac surgery (yes/no)
21. Intermittent claudication (yes/no)
22. Peripheral vascular surgery (yes/no)
23. Diabetes mellitus known before stroke (yes/no)
24. Epilepsy known before stroke (yes/no)
25. History ofmigraine aura (yes/no)
26. Known prior malignancy (yes/no)

Medications at time of stroke

27. Antiplatelet (yes/no)
28. Anticoagulant (yes/no)
29. Antihypertensive (yes/no)
30. Anticonvulsants (yes/no)
31. Antifailure (yes/no)
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Appendix 6: (contd)

Details of the stroke

32. Blood pressure on admission and examination
33. Irregular pulse (yes/no)
34. Symptoms present on waking (yes/no)
35. Headache within 2 hours of stroke onset (yes/no)
36. Vomited since symptom stroke onset (yes/no)
37. Loss of consciousness at stroke onset (yes/no)
38. Drowsiness since symptom onset (yes/no)
39. Side of brain lesion (right/left/brainstem/uncertain/bilateral)
40. Clinical classification (TACS/PACS/LACS/POCS/uncertain)
41. Clinical predication of outcome at one year (OHS 0-6)
42. Glasgow Coma Scale (GCS 1-15)
43. Dysphasia (fluent/non-fluent/other)
44. Dysarthria (yes/no)
45. Other cortical signs (dyspraxia/neglect/sensory inattention/visuospatial

dysfunction)
46. Hemianopia (right/left/none)
47. Visual inattention (right/left/none)
48. Gaze palsy (right/left/none)
49. Abnormal swallowing
50. Motor deficit face and/or arm and/or hand and /or leg (no

deficit/mild/moderate/severe)
51. Sensory deficit (yes/no)
52. Cerebellar deficit (yes/no)
53. Truncal ataxia (yes/no)
54. Able to sit independently (yes/no)
55. Able to stand independently (yes/no)
56. Able to walk independently (yes/no)
57. Incontinence since stroke (yes/no)
58. Bilateral extensor plantars (yes/no)
59. Neck stiffness (yes/no)
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Appendix 7: Western General Hospital, Edinburgh - Safer Handling Policy as
used by nurses, physiotherapists, and occupational therapists

Condemned practices

1. Axillary lift/under arm drag/("hookie")
2. Orthodox/cradle/basket lift
3. Australian lift
4. Allowing patient to hold around your neck.
5. Top and tail lift
6. Towel lift (used to move patient up the bed)
7. Star lift (four people lifting patient up the bed)

Rules of efficient handling

1. Get close at an angle. Approach things obliquely and try to incorporate them
within your base of support

2. Lower your height (in pattern - see overpage)
3. Take hold
4. Relax
5. Lead upwards with your head

Holds

Avoid taking a direct grip or hold when handling. Always use an indirect hold when
handling patients. This ensures that if the load is too great for you to move, you will
slide away from it rather than being injured. Avoid gripping clothing limbs of
patients this is uncomfortable and unsafe; instead whenever possible:

• Keep hands soft and fingers loose
• Reach further around an object the slide back round to take a hold
• Keep wrists neutral rather than bent
• Use as much contact as you can apply: i.e. palm of hands, forearm, upper arms,

upper chest wall, side of body, side of leg, where appropriate
• Be prepared to let the object slide away from you if it is too heavy.

Assess the patient

• Assess physical and mental condition ofpatient
• Take into account your own individual capability, including your physical

condition
• Re-arrange furniture and surroundings as necessary
• If any doubt, do not attempt. Get help or use a mechanical aid.
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Appendix 7: (ctd)

Patterning

Use this pattern to drop your height:

1. Knees
• Relax
• Soften

2. Foot
Offset feet by moving one
foot slightly forward and
to the side. Check that

your weight is evenly
distributed through feet.

3. Shoulders
Ease both shoulders gently
upwards towards ears and
then allow them to relax back
down again. This will help
allow your back to relax.

I!I

4. Sit

Begin to tuck your
bottom downwards
and inwards slightly,
as though perching on
a stool.

5. Back
Soften your
back down as

far as
comfortable.
Allow it to

naturally bend
into a "C"

shape curve

6. Relax
Let go a little
more

7. Head
Allow your
head to lead

you back
into the

upright
position.
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Appendix 8: Example of modified food consistencies as used for feeding of
stroke patients under the guidance of the speech and language therapists at the
Western General Hospital, Edinburgh

Food Consistency Examples Points to note

Thin liquid Normal liquid such as
water, tea, lemonade

Thick liquid Viscous liquid that still
pours from a spoon, e.g.
thick milkshake or syrup

Food thickeners can be
added to hot or cold

liquids
Normal diet Roast meats, boned fish,

salad vegetables
Soft diet

(minced/mashable)
Porridge, minced meat,
scrambled egg, flaked fish
in sauce, soft pudding
(sponge or custard), ice¬
cream and jelly, brown
bread.

Unsuitable foods:

Stringy or fibrous textures,
e.g. sausages, chips, salad
vegetables, crisps

Foods can be easily
mashed with a fork.
Food likely to need a thick
sauce or gravy

Soft diet

(bite size)
Sandwiches with soft

filling (no crusts), soft
biscuits, tinned fruit,
boiled egg, tender stews

Unsuitable foods:
Raw vegetables and
crunchy fruits, stringy or
fibrous textures

Food can be easily chewed

Pureed

(holds it's shape)
Set yoghurts (no fruit
pieces), pureed fruit, semi¬
solid supplements, smooth
mousse.

Smooth, thick, uniform
consistency with no hard
lumps.

Pureed

(doesn't hold it's shape)
As above plus liquidised
meats, pureed vegetables

Restricted quantity
(use as a "tool" which
allows the patient to
practice swallowing)
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Appendix 9: Description of abbreviations

Abbreviation Meaning
ABG Arterial Blood Gases
AAMI Association for the Advancement ofMedical Instrumentation
ATP Adenosine Tri-phosphate
BASC Blood Pressure in Acute Stroke
BHS British Hypertension Society
BP Blood Pressure
CAST Chinese Acute Stroke Trial
CINHAL Cumulative Index ofNursing and Allied Health Literature
DWI Diffusion Weighted Imaging
EEG Electroencephalogram
GIST Glucose Insulin in Stroke Trial
Hb Haemoglobin
ICU Intensive Care Unit

IQR Interquartile Range
1ST International Stroke Trial
LACS Lacunar Syndrome
LSR Lothian Stroke Register
MABP Mean Arterial Blood Pressure
MCAO Middle Cerebral Artery Occlusion
MRI Magnetic Resonance Imaging
NG Nasogastric Tube
NINDS National Institute ofNeurological disorders and Stroke
NIRS Near Infrared Spectroscopy
NMDA N-methyl-D-aspartate
OCSP Oxford Community Stroke Project
OHS Oxford Handicap Score
PACS Partial Anterior Circulation Syndrome
Pa02 Arterial Oxygen Tension
PaC02 Arterial Carbon Dioxide Tension
POCS Posterior Circulation Syndrome
Ptc02 Transcutaneous Arterial Oxygen Tension
PEG Percutaneous Endoscopy Gastrostomy Tube
PET Position Emission Tomography
PWI Perfusion Weighted Imaging
PH Postural Hypotension
RCT Randomised Controlled Trial
rt-PA Recombinant Tissue Plasminogen Activator
SE Standard Error
SD Standard Deviation

rS02 Regional Cerebral Oxygen Saturation
Sa02 Arterial Oxygen Saturation
SHARK Stroke Hypertension and Recurrence in Kyushu
TACS Total Anterior Circulation Syndrome
WGH Western General Hospital
WHO World Health Organisation
95% CI 95% Confidence Intervals



Appendix 10: My contribution to this thesis

This work was carried out at the University of Edinburgh's Department of Clinical

Neurosciences at the Western General Hospital.

I designed this study under the supervision ofDr Joanna Wardlaw. I was responsible

for entering all patients and control subjects into the study and collecting all the

physiological data. The responsible physician for the Lothian Stroke Register

recorded all patients' baseline data, which was later punched into the database by the

Lothian Stroke Register team. I personally collected and punched any additional

data related to 395 individual physiological recordings. Mike McDowell helped me

to design the data extraction I required from the "Monitor and Browser" minute by

minute data collection system (a system developed by Tim Howells), but I extracted

the data myself. I carried out all the validation checks on the databases, chose the

topics and methods of analyses with advice from Dr Stephanie Lewis and Dr David

Signorini, performed all data analyses, and wrote the manuscript.

The positioning questionnaire and systematic reviews were all my own work. The

Cochrane Stroke Group provided search strategies (which I adopted), validation

techniques, and were always available to help me with any difficulties.

Throughout the study I was able to call on the help and assistance of departmental

statisticians and computer programmers when I experienced difficulties.
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Appendix 11: Publications arising from this thesis so far

1. Rowat A, Wardlaw J, Dennis M, Lindlay R and Chalmers C. The Influence of
patient positioning on blood pressure in acute stroke. Cerebrovascular Diseases.
1997;7 (suppl 4):28 (abstract).

2. Rowat A, Wardlaw J, Dennis M, McDowall M, Chalmers C and Signorini D.
How does altering the posture of stroke patients affect their arterial oxygen
saturation and blood pressure? Cerebrovascular Diseases. 1998;8 (suppl 4):29
(abstract).

3. Rowat A, Wardlaw J, Dennis M, McDowall M, Chalmers C and Signorini D.
Oxygen desaturation in acute stroke patients during swallowing assessment, and
during eating and drinking on the ward. Cerebrovascular Diseases. 1998;8 (suppl
4):29 (abstract).

4. Rowat A, Wardlaw J, Dennis M, McDowall M, Chalmers C and Signorini D.
What do nurses think about the positioning of stroke patients. Cerebrovascular
Diseases. 1998;8 (suppl 4):91(abstract).

5. Rowat A, Wardlaw J, Dennis M, Warlow C. Does arterial oxygen saturation fall
when acute hemiplegic stroke patients lie on their paretic side? Cerebrovascular
Diseases. 1999;9 (suppl 1): 86 (abstract).

6. Rowat A, Wardlaw J, Dennis M, Warlow C. The influence of food ingestion on
blood pressure in stroke patients and control subjects. Cerebrovascular Diseases.
1999;9 (suppl 1): 104 (abstract).
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