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ABSTRACT

The history of the induction of hypotension during

anaesthesia and surgery is reviewed to indicate how the problems

associated with the early techniques led to a search for improved

methods and in particular to the introduction of sodium nitroprusside

into anaesthetic practice. Then the basic chemical and pharmacological

properties of the drug are described before clinical studies of the

haemodynamic, respiratory, haematological and metabolic effects of

induced hypotension with nitroprusside are presented. The significance

of the results is discussed.

The properties of sodium nitroprusside suggest that it might

interfere with the transport of oxygen to the tissues in several ways.

Tire studies show that sodium nitroprusside is a potent, short acting

hypotensive agent without adverse effects on overall circulatory-

performance. Oxygen carriage by the blood may be decreased since

arterial oxygen tension and haemoglobin concentration both decres.se

slightly. Of more significance is the metabolic consequence of high

dosage. This is due to cyanide released when the agent breaks down

in the body, a possibility that was thought to be of little importance

when the drug was introduced into clinical practice.

Finally, various suggestions for obtaining the valuable

circulatory actions and, at the same time, minimising the systemic

toxicity of SAD? are discussed.
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CHAPTER 0E3

THE HISTORY AND DEVELOPMENT OP INDUCED HYPOTENSION
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CEIlPTER GEE

THE HISTORY- AMD BEVELOPiygiIRT OF ItrDEOEE HYPOTEMSION

The purpose of anaesthesia is to provide conditions for the

patient to undergo surgery safely and successfully. For virtually a

hundred years after the discoveries of Wells, Morton and Simpson all

that was required was an unconscious patient who did not respond to

pain, hut hy the nineteen forties advances in surgery were demanding

more from the anaesthetist. One of the new requirements was control

of bleeding, either to allow visualisation of anatomical detail, or to

prevent the patient losing large amounts of blood. Chloroform had

long been used to reduce bleeding, but increased understanding of the

pathophysiology of deep anaesthesia, especially with an agent as

potentially toxic as chloroform, stimulated a search for more specific

methods (Gillies, 1951+).

Apart from the development of surgical procedures requiring

ischaemia there was, at the same time, an increase in the amount of

operative bleeding caused by anaesthetic factors. The introduction

of cyclopropane, muscle relaxants (used initially with spontaneous

ventilation) and some anaesthetic apparatus with high, expiratory

resistance all contributed (Gillies, 1952). It was soon emphasised

(Gillies, 1955) that avoidance of hypoxia, hypercapnia, straining,

respiratory obstruction, excessive apparatus resistance and a light

plane of anaesthesia would all help to reduce bleeding, but the effects

of these factors only made the need for a method of control seem more

urgent at the time.

Posture - the operation site being raised well above the

level of the heart to aid venous drainage - was used (Gillies, 1951).
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On its own it was a crude technique and it was realised that if the

legs were dependent a major fa,11 in venous return (and thus cardiac

output) would occur (Gillies, 195g)» Perhaps "because of this the

three specific techniques introduced in the nineteen forties were

evolved for use with patients undergoing operations on the upper half

of the body; arteriotomy in neurosurgery; high spinal anaesthesia for

thoraco-lumbar sympathectomy5 and ganglionic blockade in plastic surgery.

Arteriotomy

It is almost part of the 'apochrypha' of induced hypotension

that Harvey Cushing, the great pioneer neurosurgeon, used arteriotomy

before World War I. His superb monograph (Gushing, 1917) on acoustic

neuroma is usually quoted in support of this. Examination of his book

reveals that Gushing realised that minimising haemorrhage would benefit

the patient and he described his operative techniques for achieving

this, but there is no evidence of the deliberate use of arteriotomy, nor

even support for the statement (Larson, 196k) that he "observed and made

use of the dry operating field which followed haemorrhage".

The first report of arteriotomy (the removal of 500 to 1500ml

of arterial blood with subsequent retrans.fusion to restore blood

pressure at the end of the procedure) was made by Gardner (iG'-p) who

coined the term induced hypotension. Influenced "by animal work on

shock and its therapy (Kohlstaedt and Page, 19li3) he employed deliberate

bleeding prior to surgery for a meningioma. He felt that overall blood

loss was decreased and that a "better" operative removal of the tumour

was attained. He attributed the effect to vasoconstriction rather

than to hypotension. Gardner described one patient in detail and

mentioned six others.
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Larger series were reported "by Hale (19)48), for middle ear,

as well as neurosurgical procedures, and "by Silsland (l9£l), who named

it controllsd hypotension. An increase in pulse rate was noted and

Bilsland (195>1) warned that a rising respiratory rate was an urgent

indication for retransfusion. Both workers attributed morbidity and

mortality to the technique which was obviously a controlled form of

shock.

High Spinal Anaesthesia

The next development was by Griffiths and Gillies (19I48)

working in Edinburgh. The:/ had to devise an anaesthetic technique for

the operation of thoraco-lumbar sympathectomy then in vogue for severe

essential hypertension. The requirements were analgesia and muscle

relaxation for thoracotomy, and a bloodless field for the detailed

retropleurai dissection. High spinal anaesthesia had been employed

previously for surgery of the thorax, head and neck (Koster, 1923;

Koster and Kasman, 1929), and hypotension and reduced bleeding observed.

Griffiths and Gillies (19I18) chose this technique and are notable for:

(a) their deliberate use of the hypotension;

Cb) emphasising the difference between hypotension induced

by vasodilation in the presence of noxmovolaeiaia, and

that due to reduced blood volume;

(c) stressing the importance of the Trendelenburg position

to maintain venous return.;

and (d) for insistence on maintenance of oxygenation using

artificial ventilation if necessary.

Deaths occurred early in the series, but the lessons were learnt and

considering the poor condition of the patients, many suffering from
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malignant hypertension, the later results were remarkable.

Ganglionic hiookade

The discovery of the ganglionic blocking drugs is a classic

eminple of a major discovery made almost by accident. The polymethylene

bis-quaternary ammonium salts were being investigated for curare-like

activity when it was noted that 06 (hexamethonium) was a ganglionic

blocking drug "offering possibilities of clinical usefulness in such

fields as hypertension and vascular disease" (Paton and Zaimis, 195-8).

Further, when studying (in themselves) reversal of the neuromuscular

effect of CIO (decamethonium) by 05 (pentamethonium). Organe, Paton and

Zaimis (195-9) noted postural hypotension as a side effect of the latter.

These observations led to the use of the drugs for the

treatment of hypertension and, following the introduction of hypotension

by vasodilation by Griffiths and Gillies (195-8), encouraged others to

try them for this latter purpose. Scurr was reported to have used them

in 1959 (Organe, 1950) and Snderby (1950) produced his classic paper on

controlled circulation with posture and ganglionic blockade, emphasising

that reduction in bleeding rather than hypotension per se was the prime

aim.

Immediate developments

The introduction of the ganglionic blockers produced an

increase in the use of hypotensive anaesthesia which arteriotomy and

high spinal anaesthesia had not. One major reason was that the

ganglion blockers are technically much easier to administer. In

addition, there were major objections to the wider use of the other

methods. The potential of arteriotomy for causing tissue hypoxia was

appreciated (hearmonth, 1953)> and- it fell into disuse, although it
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was claimed (Brown, 195U) that it still had a place in neu.rosurgical

practice because the absence of post—operative postural hypotension

allowed nursing in the head-up position. Even the protagonists of

high spinal anaesthesia felt that the technique was difficult to

justify where muscle relaxation was not required (Gillies, 1952).

Thus the ganglion blocking drugs assumed the dominant position

(Hampton and Little, 1953)*

The justification for using induced hypotension bjr any

technique quickly became, and remains, one of the greatest causes for

argument between anaesthetists. The protagonists (Wyman, Cox and

Gillies, 1953) argued that, as well as improving operating conditions,

induced hypotension reduced anaesthetic requirements and improved the

patient's condition during and after the operative procedure. This

was attributed to prevention of blood loss and protection from operative

trauma.

As mentioned earlier much of the excessive bleeding

encountered during surgery at this time was probably related to

(although not understood as such) poorly conducted anaesthesia. Many

welcomed a method of overcoming this but to superimpose a hypotensive

agent on a poorly conducted anaesthetic was asking for trouble.

Armstrong Davison (1953) felt that the technique was increasing

mortality and attacked both the principle of induced hypotension and

the methods used to produce it. He advised that hypotension should

be used only as a means of saving life or of removing a symptom which

made life unbearable, and where haemorrhage made the necessary operation

impossible.

Early enthusiasm for induced hypotension was indicated by

the replies to a questionnaire sent to anaesthetists in Great Britain
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(Hampton and Little, 1953)- 178 out of a total of 289 replying said

that they used controlled hypotension. The replies also added weight

to Davison's fears about mortality. Major complications (from delayed

recovery to major arterial thromboses and organ failure) were reported

as frequently as 1 case in 38 and the death rate was 1 in llj.9. A

postal questionnaire is a dubious method of assessment because it will

tend to draw only positive replies, but such reports of major

complications enabled Larson (196I4) to write in his comprehensive

review; "This ignited a gunpowder fuse of still fizzling denunciation,

and only from the tenacity of a handful of anaesthetists and surgeons

did the technique survive". As with many another therapeutic advance

initial popularity was followed by a distinct swing away before the

true place of the technique was established.

Apart from the complications there were other reasons for

the decrease in use. Acceptance that much bleeding was caused by

anaesthetic factors eventually led even enthusiasts (Gillies and Holmes

1965) to allow that "prevention of these factors may obviate the need

for special hypotensive measures". Particularly important were proper

understanding of the use of neuromuscular blockers with endotracheal

intubation and artificial ventilation (Cray and Hoes, 1958) and the

introduction into clinical practice of halothane (Johnstone, 1956).

This is a potent volatile agent which provides smooth anaesthesia with

a degree of circulatory depression more' than adequate enough for the

majority of routine situations.

As a result ox these many factors guidelines for the use of

induced hypotension evolved .in the nineteen fifties (Larson, 196k;

Leighj 1975). The technique was to be employed for a positive reason

(to make the impossible, possible) and not as a panacea, for poor

anaesthesia. Both surgeon and anaesthetist should be agreed on its us



A smooth anaesthetic, with proper positioning of the patient, was a

necessary preliminary to drug injection, which should "be in a dose

aimed to control bleeding, not to produce a particular blood pressure

as had many earlier practitioners (Hampton and Little, 19f?3)♦ This

was the situation in 196J4 when Larson's review marked the end of the

era of clinical development, and more importantly, called for more

scientific investigation of all aspects.

Variations and development in basic technique

The large numbers of drugs and modifications to technique

tried over the years bear witness to the fact that no method is perfect.

Bromage (l95l) introduced extradural spinal block as opposed to the

intradural method used by Griffiths and Gillies (19U8). The former is

more difficult to perform but subarachnoid block was already under the

cloud of neurological sequelae (Davison, 1953) vhen the Woolley arid Roe

case dealt it a body blow even though no negligence was found (Cope, 195U).

Such was the effect of the case that regional anaesthesia as a whole was

underutilised in Britain although there were still those prepared to use

both intra- and extradural anaesthesia for hypotension (Scott, 1958).
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hypotensive practice, but were not without side effects (Holmes, 1956).

Paralytic ileus was an occasional complication and postural hypotension

could persist post-operativeiy. Both were probably related to the

somewhat prolonged duration of action of hexamethonium.

Another problem was difficulty in. achieving satisfactory

operating conditions, particularly in young patients. This was first

highlighted by Enderby and Pelmore (l95l) "who noted it in $QP/o of

patients given pentamethonium and 15% given hexamethonium. This
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resistance was to the production of "both hypotension and .ischaeraia and

was thought to he due to tac.hyphyllaxis. However Zaimis (1955) argued

that true tachyphylaxis could not occur at ganglionic level, and that

repeated doses (the usual therapeutic response) would only prolong the

effect. She implied that the clinical problem was due tc a reflex

response of the intact organism. Enderby and Pelincre (l95l) had

noticed that the resistance was associated with tachycardia and. it was

later felt that this was the cause of bleeding (Holloway, Holmes and

Hider, 1961), although with the ganglia blocked suoh resistance is

likely to be due to myogenic recovery, not autonomic reflexes.
Two approaches to overcoming these problems were tried.

Other ganglion blocking agents were developed and various methods tried

to potentiate their effect. Mason and Pelmore (1953) combined

procaineamide with hexamethonium to increase vasodilation and prevent

tachycardia. That same year trimetaphan (Nicholson, Sarnoff and

Crehan, 19.53) was introduced, having a much shorter duration of effect,

and a. direct vasodilatory, as well as a ganglion blocking, effect.

Resistance with tachycardia, still occurred and large doses could lead

to a prolonged effect, particularly if histamine release ensued.

Pentolinium and phenacyl homatropinium were two latterly used

ganglion blockers. Enderby (195U) introduced the former, but reported

it as slow in onset. Although tachycardia wras not a feature, the

young were still resistant. The other drug was similar in many ways

to trimetaphan (Robertson and Armitage, 1959) although it did not

release histamine. Pentolinium remains in use but phenacyl

homatropinium has long been unavailable since it had insufficient

advantage over trimetaphan to displace it.

As well as reducing the need for specific hypotensive

measures in many patients, the introduction of halothane in 1956
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provided an excellent anaesthetic base for a hypotensive technique

(Enderby, i960). Associated with the need for smooth anaesthesia

was the avoidance of hypercarbia which stimulates the circulation.

This was taken a step further when controlled ventilation was used in

the management of resistant cases (Enderby, 1958) to lower carbon

dioxide tension and decrease venous return.

However, many preferred spontaneous ventilation (Holmes, 1956)

claiming that it acts as a monitor of medullary perfusion and that the

sligjht elevation in carbon dioxide that occurs will maintain cerebral

blood flow. Later measures tried to control the tachycardia were

guanethidine (Holloway, Holmes and Hider, 196l) which was slow in

onset and long in duration, and the beta-blockers which decrease

cardiac output during anaesthesia (Stephen, Davie a,n& Scott, 1971) and

are said to make the assessment of depth of anaesthesia difficult

(Hellewell and Potts, 1966),

Introduction of sodium nitroprusslde

In spite of these many variations there was still dissatis¬

faction with the techniques available (Hellewell and Potts, i960).
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combination of the various drugs and manoeuvres to suit his own

situation, patients and surgeons, presumably basing the choice on what

was considered an acceptable physiological trespass (Gillies, 1952).

The continuing search for a better agent led Moraca et al (1962) to

try sodium nitroprusside (SHP) which had been studied (Page et al, 1955)
for the therapy of essential hypertension.

Moraca et al (1962) used SHP to induce hypotension in four

neurosurgical cases. During the sixties other reports of its use
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appeared (Diizler, 196ip; Schiffman and Fuchs, 1966), including the

earliest British report (Jones and Cole, 1968), These early reports

were small scale and usually from neurosurgical units, although

Schiffman and Fuchs (1966) vers working with urological and orthopaedic

patients. Soon Taylor et a'l (1970) and MacBae (l97l) were able to

report larger series, "both from. E.N.T. departments.

Becent use of induced hypotension

As has "been indicated there was a marked reduction in the

use of hypotensive anaesthesia following the enthusiasm of the early

fifties (Little, 196I4.), but in the mid nineteen-sizties there was a

considerable renewal of interest (Telfer and Campbell, 1966). lhere

was no obvious reason for this and many factors were probably relevant.

Little (196I1) felt that the time had come to look again at the technique

following good reports from those still using it. Standards of

anaesthesia were improving-, understanding of the physiology of induced

hypotension was increasing and the proper indications and contra¬

indications were established. Regional, particularly spinal,

anaesthesia began its rehabilitation in this country following the

publishing of large series without neurological sequelae and is

particularly appropriate for hypotension for operations in the lower

half of the body.

G?ii0 djxh2?ocL'vLC"b2.CTi of SKP \73,s wlso spoilsfbio f01? 2, maj oz?

increase in the use of induced hypotension. Described by Moraca et al

(1962) as "potent, inexpensive, quick in action, short in. auiration and

non-toxic in clinical dosage" it seemed close to being ideal. The

other early workers mentioned above confirmed these features and this

resulted in a rapid increase in use. Because SNP was introduced at a

time when physiological methods were becoming widely used to study
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many aspects of anaesthetic practice, its detailed effects "became

rapidly and widely published. This thesis is based on a series of

investigations of the effects of induced hypotension with SEP on

oxygen transport.
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CHAPTER TWO

PROPERTIES. METABOLISM, AND CLINICAL TJ5E5 OF

SODIUM MITROPRUSSIDE
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CHAPTER TWO

PROPERTIES, METABOLISM. AND CLINICAL USES 05?

SODIUM HITROPRIJSSIDE

Chemistry

+
2Ha
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Figure 2*1: Structure of Sodium Hitroprusside

Sodium Hitroprusside (Molecular Weight 297-97 : Figure 2-l)

is produced "by the action of 30% nitric acid on ferr-ocyanide or

ferricyanide and was first described by Piayfair (l8Ij.9). It forms

red, odourless, transparent, rhomboid crystals which dissolve in waters

to give a brownish solution. This slowly turns blue on exposure to

light as the ferrous ion is oxidised to the ferric form, SHP reacts

with small quantities of many organic compounds tc produce coloured

complexes. This property was the basis for its early medical use in

diagnostic tests for acetone, aldehydes, alkali sulphides and sulphur

dioxide. It is a particularly potent oxidiser of sulphydryl groups.

Early views of mode of action

The first record of the action of SHP was published by

Hermann (1586) who noted an intense odour- of cyanide in the body

cavities of animals given fatal doses. Other early studies (see

Johnson, 1929) confirmed the view that SHP exerted its effect by



release of cyanide, and it was occasionally used as an agent fox suicide

(Lazarus-Barlow ana Norman, 194-1; Hill, 1942).

The therapeutic potential of low dose SEP was first considered

"by Johnson (1929). In animal studies SEP rapidly produced hypotension

by the oral, intravenous and subcutaneous routes. limb volume

increased and heart and kidney volume decreased, "but the pressor

responses to painful stimuli and adrenaline were not blocked. The

effects were identical to those of nitrite given to the same animals,

but equivalent amounts of cyani.de produced hypertension. He concluded

that SEP (and net a metabolic product) had a direct action on vascular

smooth muscle independent of its innervation and that it was a nitrite

(-NOg) type action due to the nitroso (-E0) group. He estimated that
the nitroso group was 50 to 1,000 times more potent in effect on blood

pressure than the nitrite. He found thax the effective subcutaneous

hypotensive dose in rabbits was a tenth of the toxic one and suggested

that it could be used quite safely in man. One hypertensive, and two

normatensive patients were given single injections and a hypotensive

response demonstrated.

Therapeutic use had to wait until the work of Page et al (1955

They studied the card1' ovascular effects in animals and hypertensive man

using both intravenous and oral administration and confirmed Johnson's

findings. Importantly they demonstrated that the speed of action was

too rapid to be due to production of cyanide or thioc-yanate. The

effect of other hypotensive agents was potentiated by SEP.

Metabolism

Hill (1942) demonstrated that the initial breakdown of SEP

was due to a non-enzymatic reaction with a "constituent in the blood"

causing slow release of cyanide. Page et al (1955) produced evidence

that this reaction was with sulphydryl groups and noted that incubation



with whole "blood resulted in faster release of cyanide than with

plasma. They attributed this to the presence of large numbers of

sulphydryl groups in red "blood cells.

However, Smith and Kruszyna (l97u) have shown that SUP can

also react non-enzymatically with haemoglobin (Figure 2-2).

Eb ^— HP ~
metffb <>" HP

N) 1 1
J / VCHmetHb I;GH > Body Pool

Figure 2' 2; Reaction of niiroprusside with haemoglobin.

An electron is transferred from the haemoglobin (producing

methaemcglo'bin) to the nitroprusside ion. The latter becomes unstable

and "breaks down releasing the five cyanide groups, one of which reacts

with the methaemoglobin to form eyanomethaemoglobin. This would

explain why, on a molar basis, SHP is only four times as toxic as

cyanide although, it contains five equivalents ox cyanide (ivankovich,

Miletich and Tinker, 1978)•

A.t present there is no evidence as to which route is the

more important but Smith and Kruszyna (197'U) did demonstrate that

relatively high concentrations 8m mol/l) are necessary for SHP to

penetrate red cell membranes. Such concentrations a,re much higher

than those found clinically. They also concluded that a third

theoretical pathway for the "breakdown of SHP, that "by the liver enzyme

mixed-function oxidase, was unimportant. Ho matter which path is

followed the end result is certainly cyanide. This then enters the

"body pool.

In animals over 80% of cyanide is converted to thiocyanate
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by reaction with thiosulphate (Figure 2*3)• The enzyme rhodanc3e

Ehoaanese
Cir + NaoSo0o ? SCN~ + Na„S0~^23 j 23

URINE

Figure 2*3? Conversion of cyanide to th.iocyan.ate,

catalyses the reaction (hang, 1933) and the thiocyanate is excreted in

the urine (hang, I89I4). The presence of thiocyanate in the "blood and

urine of patients receiving nitroprusside (Page et al, 1955) would

confirm this route in man. Saunders and Eimwich (1950) demonstrated

enough rhodanese in dog liver to convert over !.| grammes of cyanide in

fifteen minutes. The "limiting factor would thus seem to "be

availability of thiosuipbate, which is a normal metabolite of unknown

formation (Williams, 1999).

There are also several minor pathways for the detoxication

of cyanide (Figure 2-1+). In rats up to 1$% may combine with cystine

LONGS JC02
>-> Me iBb

CYANIDE

CNBn „ +cystine ^ CNmetHb
\i

URINE

Figure 2-u: Minor metabolic pathways for cyanide (after Williams, 1959)

and the product (2-imino-thiozolidine-h-carboxylic acid) is excreted in

the urine (Wood and Cclley, 1956)• Small amounts are exhaled

unchanged or metabolised to either carbon dioxide or formate

(Ivankovich; Miletic-h and Tinker, 1978). Cyanide also combines

reversibly with both free hydroxycobalamin and methaemoglobin. These

minor pathways play an unimportant part in cyanide metabolism.
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Mien all the pathways are insufficient to prevent cyanide

accumulating it will exert its toxic effect "by combining (reversibly)
with cytochrome oxidase. This prevents aerobic metabolism at the

cellular level and histotoxic anoxia results (see Chapter 6).

The metabolic fate of the other constituents of the

nitroprusside molecule has received little attention. The iron atom

must enter the body pool, and presumably the nitroso group is. like

aromatic nitroso groups (Williams, 1959)> reduced to an amino group.

Mode of action at cellular level

More recent work has done little but confirm Johnson's (1929)

view on the mode of action of SEP and its specificity for smooth muscle.

It is of interest that the nitroso group can be replaced by octylamine

to yield a ferrate compound which is said to be effective in animals

(Palmer and Lasseter, 1975)* Other minor modifications to the

molecule also produce vasoactive compounds (Kreye and Gross, 1977)-

This would suggest that it is the whole complex tha,t is active, not

simply the nitroso group.

Elucidation of the cellular action is hampered because of

gaps in the detailed knowledge of the biochemistry of the smooth muscle

cell (bulbring ana Bolton, 1979)* The process of smooth muscle

contraction (and relaxation) can be divided into three stages:~

1. Excitation of membrane receptors- (for both contraction

and relaxation) by physiological agonists and

antagonists,

2. Coupling of excitation to the contractile process,

and 3* The contractile process itself.



Stages i and 3 are relatively well understood. Yarious

hormones and neuronal transmitters affect different types of smooth

muscle in ways appropriate for their function. It is important to

remember that a single agent (i.e. adrenaline) may contract one type

of smooth muscle and relax another. Contraction is, as in striated

muscle, due to activation of actin and myosin filaments by a rise in

intracellular calcium (Perry and Grand, 1979)- Whilst calcium is the

link between excitation and contraction it is precise knowledge of the

factors that control its intracellular level that is lacking.

The situation is complicated by the ability of smooth muscle

to contract in two ways. Phasic contraction is similar to that of

striated muscle and is associated with membrane depolarisation. at the

time of which calcium eircers through the cell membrane and is released

from intracellular stores. Sustained contractions are also related

to influx and release of calcium but there is little or no change in

membrane potential. In both cases relaxation is due to re-uptake of

calcium by intracellular stores and extrusion across the cell membrane.

Nitroprusside relaxes sustained contractions but has minimal effect on

phasic ones. Knowledge of the factors that control calcium levels

rt. —. .• . .r ... • ?. .. . ... ,i jl -• -• . J.i . x* • - .. .......
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Rasmussen and Goodman (1977) have reviewed this subject and

suggested a complex scheme whereby agonists and antagonists of cell

activity have direct effects cn calcium entry and release, and indirect

effects by activation of two nucleotides - cyclic adenosine

monophosphate (cAMP) and guanosine phosphate (cGMP). Both actions

are mediated via receptors in the cell membrane (Figure 2*5) • -An

increase in cAMP favours relaxation by increasing extrusion and uptake

of calcium and eGMP produces the reverse. However, an apparently

21



paradoxical rise in cAMP can occur during contraction because of a

feed-back mechanism whereby calcium inhibits cAMP breakdown and so

enhances its own re-uptake. By a reverse process an increase in

cGMP may occur during relaxation. Presumably these feed-back

mechanisms are responsible for the fine adjustment of intracellular

calcium level. The ratio of cGMP : cAMP is probably the most important

factor and is known to be elevated in hypertensive rats (Amer et al, 197U)-

AGONIST
RECEPTOR

EXTRACELLULAR
CALCIUM

ANTAGONIST
RECEFTOR

Increase
calcium

-"■Relaxation

Contraction

Figure 2 • 3: Factors affecting intracellular calcium
(after Rasmussen and Goodman, 1977)

Against this complex background the studies of the cellular

action of SNP must be set. Needleman et al (1973) proposed that each

type of vasodilator reacts with its own specific receptor on the

smooth muscle cell membrane, and suggested that there is a common

pathway for the effect on contractile units. They considered Slip's

ability to oxidise sulphydryl groups to be the mechanism by which it

combines with receptors, but made no suggestions as to the nature of

the final pathway.

Many vasodilators act by elevating cAMP levels (Lugnier,

22



Berbrand and Stoclet, 1972) but Kreye ei al (1975) found them to be

unaffected by S1IP. These workers confirmed that it did not affect

adrenergic receptors and they favoured a direct effect on the coupling

of excitation to contraction by prevention of the influx and

intracellular activation of calcium. Possibly an interaction with

cell membrane sulphydryl groups leads to interference with calcium

movement (Miletich and Ivankovich, 1978a).

Haeusler and Thorens (1976) were -unable to suggest a precise

explanation for its action, raising only the possibility of an

interaction with calcium or a direct affect on the contractile proteins.

Verhaeghe and Shepherd (1976) felt that the action was independent of

calcium influx.

Twc groups of workers (Katsuki, Arnold and Murad, 1977;

Schultz, Schultz and Schultz, 1977) have shown an increase in cGMP,

and no change in cAMP, associated with the effect of many vasodilators

including SUP. Possibly the concept of calcium control outlined

above is wrong or they were noting the paradoxical rise due to

decreased calcium level or their experimental model was inappropriate.

Both groups used vas deferens muscle whereas all other workers used

vascular muscle, and Biamond and Janis (1978) have criticised both

their experimental methods and conclusions.

Finally Ito, Suzuki and Kuriyama (1978) found that SNP

produced membrane hyperpolarisation as well as direct effects on both

contractile units and calcium. Most interestingly they demonstrated

a difference in the effect on two different types of muscle from the

same animal. Thus the conflicting evidence reviewed above may simply

relate to differences in experimental models. It was noted above

that adrenaline contracts some smooth muscle and relaxes others;

23



similarly cAMP and cGMP may be agents for both contraction and

relaxation depending on the tissue involved.

Following the early work (Johnson, 1929) it was thought

that SUP had a specific action on vascular smooth muscle. However,

more recent work has shown that other types of smooth muscle

are affected, but not equally. The sensitivity of a particular type-

depends on the relative proportion of phasic and sustained contraction

important to its physiological activity (Hobinson and Collier, 1979)•

In the vascular system SEP is ten times more potent in its effect on

peripheral veins than arteries (Robinson, Collier and Dobbs, 1979)?

indicating the importance of sustained contraction in the former's

capacitance function. In addition muscle from pulmonary artery

(Haeusler, 1975)? portal vein (ito, Suzuki arid Kuriyama, 1978), trachea

(Kreye et al, 1975) and uterus (Pauli, 1975) have all been shown to be

relaxed.

Duration of action

The mechanism of action is in doubt (Kreye, 1930). Possibly

mox-e obscure is the reason for the very brief duration of action.

Hypotension produced by intravenous infusion is evanescent (Chapter 3)?

but in vitro it takes over an hour for whole blood to convert SEP to

cyanide (Page et al, 1955) and during infusion cyanide levels take

55 minutes to become maximum (Vesey, Cole and Simpson, 1977)•

Virtually no study has discussed, let alone been able to

explain, the mechanism of the drug's most valuable feature I Vesey,

Cole and Simpson (1977) suggested initial combination with a plasma

constituent followed by entry into red blood cells to be the

explanation. However, high concentrations are required to penetrate
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red cells (Smith and Kruszyna, 197l|). The ability to oxidise

sulphy&ry] groups suggests a rapid reaction with these groups in the

blood to inactivate SKP which then decomposes slowly to release

cyanide,

OXYGEN TRANSPORT DURING NITROPRUSSIDE INFUSION

Consideration of the basic properties of sodium nitroprusside

outlined above suggests that there are several, at least theoretical,

mechanisms by which it (or its metabolites) might interfere with that

most important of physiological functions - the transport of oxygen to,

and its metabolism by, the tissues. Assessment of the actual effects

on oxygen transport are of obvious importance for safe clinical use,

particularly since interference with this process has probably been

responsible for the majority of complications of induced hypotension

by all methods (londop, 1975;' Strunin, 1975)'

Oxygen transport can be divided into four stages

1. Oxygenation of the blood by the lungs.

2. Carriage of oxygen in the blood by haemoglobin.

3. Distribution of oxygenated blood by the circulation.

I).. Consumption of oxygen by the tissues.

These four correspond to the classical definition of anoxia

as being anoxic, anaemic, stagnant or histotoxic in nature. As well

as its vasodilator action (on pulmonary, as well as systemic vessels)

SNP dilates bronchi; can undergo a reaction with haemoglobin; through

that and other mechanisms may produce methaemoglobinaemia; and finally

releases cyanide, a cellular poison, when it breaks down.

This thesis contains studies of the actions of SEP on these
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four stages to assess the actual effects of the above. It would "be

logical to present the studies in the order outlined ahove, hut since

interpretation of the results of the other studies requires knowledge

of the cardiovascular study, that is presented first. As that study

was performed first the others follow in chronological order.

CLIUICAI USB

The first clinical use of SUP was in the therapy of essential

hypertension. Page et al (1955) u.sed intravenous SUP for up to lii

days in malignant hypertension and gave it orally for as long as 2 years.

Because thiocyanate would accumulate if renal function was impaired,

hut more particularly because of the need for frequent doses and the

development of other oral agents for hypertension, SUP was never

widely used fcr chronic therapy. It remains, however, the most rapid

and consistently effective agent for malignant hypertension (hood, 1975)•

The early use of SUP for induced hypotension has heen

described (Chapter One). The third, and most recent, application has

heen in very low dosage to produce peripheral vasodilatation without

hypotension in patients with acute myocardial infarction. The

resultant decrease in ventricular afterload reduces myocardial work

and improves cardiac performance (Pranciosa et al, 1972).

Preparation and use in induced hypotension

Until recently SUP was not available commercially, hut had

to he prepared by hospital pharmacies, and sterilised by filtration

because it is heat labile. In 1977 Roche Products Ltd., who had

always manufactured the chemical, introduced a pharmaceutical

preparation (Uiprido:Roche). Each ampoule contains 50mg of SUP

powder for reconstitution with 2ml of 5% dextrose. An aliquot is
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added to 500ml of dextrose for infusion. Contamination should to

avoided because of the risk of chemical reaction. Coloured compound,

are produced with a wide range of organic and inorganic compounds and

if these appear the solution should be discarded. It is recommended

that the constituted solution is protected from light and discarded

after four hours.

Patients vary in their requirement and a commonly used

regime is that of MacHae (l97i) (Table 2«l). Stable anaesthesia i

established, the appropriate concentration made up ana the infusion

rate increased \mtil the required conditions are produced. An

infusion pump greatly simplifies administration. The studies

presented in this thesis were performed using this dose schedule.

Infusion
concentration

50mg/'pOCml
(0.01%)

25>ing/500ml
(o.co5%)

10mg/500ml
(0.00296)

Males
r **
Age f

yrsj
< 30 30-50 > 50

Females < 20 20-lj.O > 40

Table 2«1: Concentrations for induced hypotension with
sodium nitroprusside (MacHae, 1971)
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CHAPTER THREE

CARDIOVASCULAR ACTIONS

Following the introduction of induced hypotension by

vasodilation one of the major causes for controversy was the question

of the adequacy of cardiovascular performance. From Griffiths and

Gillies (191+8) onwards the protagonists have argued that the

vasodilation would not affect tissue perfusion, hut there have always

been those who argued that such interference with the circulation was

unwarranted. Reports of major organ failure (Hampton and Little, 1953)

supported the view that blood flow could be inadequate.

The resurgence of interest in the nineteen sixties based on

the lessons of earlier experience (Chapter One) was associated with,

much more research into the effects of induced hypotension as had

been suggested by Larson (196I4). Around the time of the introduction

of nitroprusside the cardiovascular effects of the hypotension produced

by both epidural anaesthesia and trimetaphan during general

anaesthesia (Stephen, Lees and Scott, 19&9; Scott et al, 1972) had

been studied. It was decided to study nitroprusside in the same way

to confirm me features of the drug no ued oxiuicuxiy una lu compare

its effects with the other methods.

METHODS

Patients and anaesthesia

Five patients (3 male, 2 female: aged 23 to Ll5 years), who

were to undergo major otolaryngological procedures under hypotensive

anaesthesia, were studied. Their general health was good and they

gave informed consent for the investigation.
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The patients were prernedicated with oral diazepam lOmg and

anaesthesia was induced with intravenous thiopentone 25'0~35>0IQ8« The

trachea was intubated with the aid of suxamethonium pOmg and the

patients then breathed spontaneously a mixture of nitrous oxide,

oxygen (60%) and halothane 1.5 - 2.CP/0 from a semi-closed circuit with

carbon dioxide absorption.

Measurements and calculations

After induction, of anaesthesia arterial (l9G Venflon) and

central venous (l8G, 2t).in E-Z Cath) catheters were inserted

percutaneously into the radial artery and median basilic vein of one

arm. These lines were used to measure arterial and central venous

pressures using Bell and Howell 1).327-L221 transducers and matching

amplifiers calibrated against a column of saline. These lines were

also used in the measurement of cardiac output using the indocyamine

green dye dilution method. 5mg of dye in 2ml of dilutant were

injected via the central venous line using a semi-automatic injector

which delivers volumes within -2% of each other. Blood was withdrawn

from the arterial line with a Harvard pump via a Waters 303 cuvette

and densitometer. The E.C.G. was monitored throughout and used to

derive heart rate. Recordings were raa.de on Devices hot pen recorders.
The pressure measuring systems were critically damped.

Cardiac output was subsequently calculated from the general

formula:

Cardiac cutout = ^Q-2L..^9.S.9....0XI . ^. ~ (Hamilton et al, 1932)Mean dye conc. x transit time N

Tire mean concentration was derived using a mathematical method for the

area under the dye-dilution curve (Williams, O'Donovon and Wood, 1966).

Protocol

After stable anaesthesia had been established four control
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readings of mean arterial pressure, cardiac output, central venous

pressure and heart rate were made at 2-minute intervals. An infusion

of sodium nitroprusside was then started into a peripheral vein ana

adjusted to produce a systolic pressure of ahout 60mm Eg. A farther

four readings were then obtained, again at 2-minute intervals. The

infusion was stopped and a final three reading's obtained.

Analysis

Subsequently stroke volume was calculated from cardiac

output arid heart rate, and peripheral resistance from cardiac output

and mean arterial pressure. Statistical comparisons were made using

a !t'-test for paired data.

KBSTJhTS

Table 3*1 chows the mean values fcr mean arterial pressure,

cardiac output, central venous pressure, heart rate, stroke volume and

peripheral resistance before, during and after infusion of sodium

nitroprusside. Mean changes occurring when hypotension was induced,

and again when it was discontinued, are given in Table 3*2, together

with probability values.
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CONTROL

SNPINFUSIONRUNNING

—-
SNPSTOPPED

-8

-6

-1+

-2

MEAN
±SD

2

1+

6

8

MEAN
±SD

12

11+

16

MEAN
±SD

MEANARTERIAL PRESSURE (mm.Hg)

72

70

68

68

69

±13

l+o

38

1+2

1+2

1+1

±J-3

65

70

68

68

±12

CARDIACOUTPUT (litres/min.)
5-3

5.6

5-7

5.5

5.5 ±3-0

6.3

6.1+

6.1

6.7

6.5 ±3.0

5.8

5.3

6.0

5-7 ±2.9

CENTRALVENOUS PRESSURE (mm.Hg)

7-7

7.9

8.3

8.3

8.1 ±3.U

2.3

2.7

3-1

3.0

2.8 ±3-3

5-9

7.0

7-3

6.7±2.8

HEARTRATI] (beats/min.)

67

68

67

67

67

±11

82

81+

85

82

+83±13

67

65

61+

+65±9

PERIPHERAL RESISTANCE (dynes/sec/cm)
1.230

1270

lll+O

1190

1210 ±1+90

580

570

630

590

600 ±280

1110

1260

1160

1180
±51+o

STROKEVOLUME (mis)
81

81+

87

82

—J

81+

±50
.

83

75

71

83

L..

78

±31+

88

83

91+

89

±1+6

Table3*1:Meanvaluesofhaemodjmamicparametersat2-minuteIntervalsoffivecases before,during;andaftersodiumnitroprusside.



CONTROL MEAN

SNP MEAN

MEAN DIFFERENCE ±SD

p

SNP MEAN

POST-SN? MEAN

MEAN DIEFERENCE ±SD

p

IdEAlTARTERIAL PRESSURE (mm.Eg)

69

ill

-28 ±10

<0.005

51

68

+27 ±8

<0.005

CARDIACOUTFIT (litres/min.)

5-5

6.5

+'1.0 -0.6

<0.025

6.5

5.7

-0.8 ±0.9

N3

CENTRALVENOUS PRESSURE (mm.llg)

8.1

2.8

-5.3±2.1

<0.02

2.8

6.7

+3-9 ±2.8

NS

HEARTRATE (beats/min.)

67

83

+15 ±7

<0.01

83

65

-18 t£

<0.005

PERIPHERAL RESISTANCE (dynes/sec/cm)
1210

600

-610 ±300

<0.01

600

1180

+580 +350

<0.025

STROKEVOLUTE (mis)

85

78

-6 ±18

lis

78

89

+ii ±15

NS

Table3*2;Statisticalcomparisonofmeansofbaemodynamicparametersoffivecases beforeandduring,andduringandafter,sodiumnitroprusside.Pairedt-test.



Mean arterial pressure

This decreased in every case to an average value of 56% of

control and quickly returned to control value on discontinuation

(Figure 3*1)- Both changes were significant to a high degree.

MEAN
ARTERIAL
PRESSURE

mm Hg

IOO

80

60

40

20

S.N.P
INFUSION
STARTED

S.N.P
INFUSION
STOPPED

v

-8 -6 -4 -2 O 2 4 6

TIME (Mins)

8 IO i2 >4 '6

S.N.P S.N.P
INFUSION INFUSION
STARTED STOPPED

1

%
7

Figure 3*1? Mean values of arterial pressure at 2-minute intervals
in five cases before, during and after sodium
nitroprusside. Vertical bars represent ±1 standard
error. On the right are shown the mean before, during
and after nitroprusside in individual cases.
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Cardiac output

The group as a whole showed a moderate and statistically

significant increase in cardiac output during infusion. Ho patient

suffered a fall in output, though in one case it remained the same

(Figure 3 • 2 )» On withdrawal of nitroprusside cardiac output

decreased dm four patients and increased further in one.

CARDIAC 8
OUTPUT
L/min. A

S.N.P
INFUSION
STARTED

S.N.P
INFUSION
STOPPED

S.N.P S N.P
INFUSION INFUSION
STARTED STOPPED

-8 -6 -4 -2 O 2 4 6 8 10 12 14 16

TIME(Mins)

V

ci

%

/N

N

Figure 3 • 2; Mean values of cardiac output at 2-minute intervals in
five cases "before, during and after sodium nitroprusside.
Vertical "bars represent —1 standard error. On the
right are shown the mean 'before, during and after
nitroprusside in individual cases.
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Central venous pressure

Unfortunately no record of CVP was kept in one patient

because of a technical fault, and figures are for the other four only,

CVP decreased markedly during infusion, and afterwards returned

towards initial values (Figure 3*3)»

CENTRAL
VENOUS

PRESSURE
mrn Hg

12

IO

8

6-

A-

2

S.N.P
INFUSION
STARTED

S.N.P
INFUSION
STOPPED

V

-r j
A

i

A
v i

I L

-8 -6 -4 -2 O 2 4 6 8 IO 12 14 16

TIME (K/iins)

S.N.P S.N.P
INFUSION INFUSION
STARTED STOPPED

V V

\
V

\

-9

i/
\\ AVf
J/
/

Figure 3• 3'• Mean values of central venous pressure at 2-minute
intervals in five cases before during and after sodium
nitroprusside. Vertical bars represent ±1 standard
error. On the right are shown the mean before, during
and after nitroprusside in individual cases.
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Heart rate

There was a consistent rise in heart rate during infusion

of around 22%, which promptly reversed on discontinuation (Figure 3-k).

HEART
RATE

beats/min

I20j
IOO

&o

60|

40

20

S.N.P
INFUSION
STARTED

S.N P
INFUSION
STOPPED

I I

NH-4

-8 -6 -4 -2 6 2 4 6 8 10 12 14 16
TIME (fviins)

S.N.P i.N.P

INFUSION INFUSION
STARTED STOPPED

/
H,

\

Si

Figure 3 • h: Mean values of heart rate at 2-minute intervals in five
cases before, during and after sodium nitroprusside.
Vertical bars represent ±1 standard error. On the
right are shown the mean before, during- and after
]-)Ttronvnago ds "in "individual cases.

37



Peripheral resistance

During administration of nitroprusside there was a profound

decrease in this parameter in every ce.se. The average was Ij.9%*

On discontinuation values quickly returned to control levels

(Figure

PERIPHERAL
, 5nr.

RESISTANCE

dyncs/cm/sec*

2000

I60C

I 20

soo

400

S.N.P
INFUSION
STARTED

S.N.P
INFUSION
STOPPED

8 6 4 2 O 2 4 6 8 IO 12 14 16

TIME(Mins)

S.N.I? S.N.P
INFUSION INFUSION
STARTED STOPPED

\ r > *

vw
jM

Figure 3 • 5! Mean values of peripheral resistance at 2-minute
intervals in five cases 'before, during and after sodium
nitroprusside. Vertical "bars represent ±1 standard
error. On the right are shown the mean "before, during
and after nitroprusside in individual cases.
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S"txclcG volume

Changes in stroke "volume were small and inconsistent

(Figure 3*6). During infusion it decreased in two cases and

increased in three. After nitroprusside was stopped three increased

and two decreased.

STROKE
VOLUME

ml.

200

loO

120

8CH

AO

S.N.P
INFUSION
STARTED

S.N.i?
INFUSION
STOPPED

-8 -6 -4 -2 O 2 4 6 8 IO 12 14 16

S.N.P S.N.P
INFUSION INFUSION
STARTED STOPPED

V

V
N
k

t=q -i—-#

TIME (Mine)

Figure 3•6; Mean values of stroke volume at 2-minute intervals in
five cases before, during and after sodium nitroprusside.

■ Vertical bars represent ±1 standard error. On the
right, are shown the mean he-fore, during and after

nitroprusside in individual cases.
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DISCUSSION

Overall circulatory effects

These results confirm the initial clinical views (see

Chapter One) on the suitability of SUP as an agent for induced

hypotension. The blood pressure decreased rapidly after starting the

infusion, was easily controlled at a steady level and rapidly returned

to initial values when the drug was discontinued. Perhaps the most

striking change that occurred was the increase in cardiac output.

Hypotension was due to a decrease in peripheral resistance. There

was an associated decrease in central venous pressure and an increase

in heart rate.

Pranciosa et al (1972) also reported an increase in cardiac •

output in patients receiving SUP after myocardial infarction. There

was an associated reduction in left ventricular filling pressure.

That study is not strictly comparable with this, but the clinical

picture during controlled hypotension with SEP of a well perfused

patient with an easily palpable pulse fits well with the finding of a

near normal or increased cardiac output. Shortly after this work was

published ^Appendix 2) a comparabre study appeared with srmrlar results

(Styles, Coleman and Leary, 1973)-

It is quite possible for an agent which causes vasodilatation,

but has no direct action on the heart (Adams et al, 1973)> to increase

cardiac output. The enormous reduction in peripheral resistance will

speed flow through the arteriolar beds, and unless gravity is used to

prevent it, venous return will also be increased. The heart rate is

unaffected, and can deal with this incrc3.se.
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Regional "blood flow

Overall circulatory performance is not impaired "by

hypotension with SUP, but perfusion of the vital organs could still

be embarrassed. Perfusion pressure is decreased, although not as

much as arterial pressure, because venous pressure is also lower.

(Figure 3*3)-

The possibility that hypotension might embarrass the

coronary circulation seems to be outweighed by the reduction in the

work load of the heart caused by the decrease in peripheral resistance.

Franciosa et al (1972) reported an improved clinical state in patients

infused with nitroprusside after myocardial infarction and it is still

widely used in such patients (Reves et al, 1978). This suggests that

the coronary circulation is not in jeopardy.

The effect of SEEP on coronary blood flow has been measured

in patients after myocardial infarction (Chatterjee et al, 1973/ aaa

in hypotensed animals (Wang, Liu and Katz, 1977; Rows and Henderson,

197U) aa<d the overall effect is that heart muscle oxygenation is improved.

Such studies have not been made during anaesthesia in man but Simpson,

Bellamy and Cole (1976) studied electrocardiographic recordings during

clinical hypotension. Some minor changes occurred, but none were

permanent.

There have been clinical studies of the effect of induced

hypotension with SHP on cerebral, renal and liver blood flow.

Cerebral (Griffiths et al, 197i±) aad liver (Abdel Salem et al, 1976)

blood flows were unaffected, but renal blood flow decreased (Birch

and Boyce, 1977)* This may be related to generation of the potent

renal vessel constrictor, angiotensin, by renin which is released



from the kidney during- hypotension with SEP (Kaneko et al, 1967).

Souron et ai (1978) found that urine production ceased during SEP

hypotension, hut that renal function recovered completely after-

anaesthesia.

It is interesting to speculate that the activation of the

renin/angiotensin system referred to above may at least contribute to

the rapid return of blood pressure at the end of infusion. As

mentioned in Chapter Two no clear explanation for this exists.

Animal studies

The majority of the studies reviewed in the above two

sections has been performed in anaesthetised patients undergoing

induced hypotension. The last decade or so has seen a wealth of

material published on SEP and the circulation based on work in animals

and patients in intensive care. This has been reviewed (Miletich and

Ivankovich, 1978a) and in general is in accord with the above. That

review also included the results of an animal study in which flow to

all organs was studied simultaneously. The vital organs were all

shown to take a small share of the increase in cardiac output.

Comparison with other techniques of hypotension

No other method of inducing hypotension has been subject to

anything like the same scrutiny as SEP. Epidural, and spinal

anaesthesia produce sympathetic blockade, so the circulatory effect

depends on the upper level of the block (lonica, 1969? Akamaisu, 1969)*

The tendency is for both heart rate and output to decrease although

the effects ma;y be modified if local anaesthetic solutions with

adrenaline are used. Organ blood flow has been little studied but



there is general agreement that liver blood flow will fall (Kennedy, 1169).

Comparison of the effects of these techniques with SEP is

however not •very valid since the clinical indications are different.

Prior to the introduction of SEP the standard short acting intravenous

agent was trimetaplian. Its effects were studied (Scott et al, 197?-)

in similar circumstances to those described here. SEP produces a

more rapid induction of hypotension, and certainly a more rapid

recovery of pressure than trimetaphan. ■ The latter also produces less
c

of a tachycardia and a slight decrease in cardiac output. Thus SEP

would seem to have considerable advantages ever trimetaphan.

Trimetaphan is also said to be unpredictable and relatively

'uncontrollable (Miletich and Ivankovich, 1978b).

A comparison of nitroprusside and trimetaphan in

anaesthetised dogs (Vang, Liu and Katz, 197?) showed similar

differences to those found clinically. Those workers also looked at

organ blood flow and felt that an undesirable feature of trimetaphan

was to redistribute cardiac output to skin and muscle.

It must be emphasised that the study described in this

chapter was performed during halothane anaesthesia using spontaneous

ventilation and with the patients level. In other clinical situations

circulatory changes may be different (Palmer and Lasseter, 197b)'

Many anaesthetists employ artificial ventilation and or a head-up

tilb during induced hypotension and these manoeuvres may modify the

circulatory effects by their adverse effect on venous return.
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CHAPTER FOUR

RESPIRATORY EFFECTS

Another major controversy surrounding induced hypotension

has concerned the method of ventilation to he employed, Eckenhoff

and colleagues (1963) found a large increase in physiological

deadspace with a concomitant increase in P C0~, in patients undergoinga d.

ganglionic blockade. They recommended that respiration should he

controlled with high tidal volume and high inspired oxygen

concentration. Others (Holmes. Iy5&) believe that the pattern of

spontaneous breathing is a tiseful monitor of cerebral perfusion, and

has no adverse effect on venous return.

In common with most other hypotensive techniques there has

been, relative to circulatory studies, little work on the effect of

SEP on respiration. In addition, arterial blood sampling during

nitroprusside infusion revealed oxygen tensions which, were less than

expected. Therefore it was decided to study blood gas tensions during-

sodium nitroprusside infusion and to assess the influence of artificial

ventilation on these.

METHODS

Patients and anaesthesia

Twenty-six: patients undergoing major otolaryngological

surgery were studied. The nature of the study was explained to the

patient at the visit before operation, and consent was obtained.

Premedication was with oral diazepam lOmg. Anaesthesia was induced

with thiopentone 250-hOOmg. Endotracheal intubation was performed

with the aid of suxamethonium 75>-100mg in the first II4 patients (Group l)
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and tubocurarine 30-ljT>mg in the next 12 patients (Group II).

Anaesthesia was maintained with 50% nitrous oxide in oxygen

supplemented with halothane 1-2%.

After recovery from suxamethonium, Group I patients breathed

spontaneous^ from a non-return circuit (figure I4.• 1 - S.V.) which

allowed inspired gas sampling and collection of mixed expired gas.

BLOW-OFF
VALVE

FRESH - H
GAS 1

BAG

INSPIRED
SAMPLE

NON-RETURN
VALVE

Ir

TAP

PATIENT

S.V.

DOUGLAS
bag^~--7

<
MIXED

EXPIRED
SAMPLE

COLLECT
VALVE

PATIENT

RESPIROMETER TAP

L INSPIRED
HI ifr~ SAMPLE

VENTILATOR

I.PPV.

DOUGLAS
BAG

ir
MIXED

EXPIRED
SAMPLE

FigureJill' Gas circuits used in respiratory studies.

In Group II artificial ventilation was performed at Ip breaths/min.

with a Oape-Waine anaesthetic ventilator (Cape Engineering Ltd.)

using a pressure-operated valve (Sykes, 19&9) to allow collection of

expired gas into a Douglas bag (Figure i+.l - I.P.P.Y.). The

ventilator was adjusted so that the expired volume, measured with a



Wright's respirometer (British Oxygen Company Ltd. \ was that predicted

Ly the Radford (I9b5>) nomogram. All patients were maintained in a

'0
5 head-up position.

Protocol

An arterial "blood sample was taken "before operation. After

anaesthesia had "been induced, a percutaneous 21G scalp vein needle

(Abbot Laboratories Ltd.) was inserted into a radial artery for direct

arterial pressure measurement and used for further arterial sampling.

When the heart rate and arterial pressure had become stable

inspired gas, mixed expired gas and arterial blood were sampled. An

infusion of SUP into a peripheral vein was then commenced and adjusted

to give a systolic pressure of 5>0-60mm Hg. After ll'> minutes at this •

pressure another set of samples was taken. Hypotension was maintained

until surgery was complete, when the infusion was discontinued. After

the arterial pressure had returned to the pre-infusion value, a third

set of samples was taken. The duration of the operation was between

1 and 3 hours.

Measurements

Standard micro-electrode units (Radiometer Ltd.) were used

to measure P 0o and P C0o. Calibration was with two gas mixturesSi C. S> (L

for carbon dioxide, and nitrogen and water equilibrated with air at
Q

37 C for oxygen. The same apparatus was used to analyse the gas

mixtures, but the span of the oxygen electrode was now calibrated

with air. For blood the laboratory work to -0,27 kPa (2mmHg) for
duplicate estimations.
Calculations

Ideal alveolar oxygen tension (P.0o) was calculated as
xi <1

1+7



follows :■

P 0 - P^O
rA°2 = PI°?.

PEC02 )

where an<^ PE^2 are ^Pie ^-nsP^re^ an- mixe<i expired PO^ values; and
the ratio of physiological deadspace to tidal volume (V^/Yrn) was
derived from:-

TA = (?aC02 " PEC02) / PaC02
No correction was made for apparatus deadspace.

Statistical comparisons were made using Student's t tests

for paired or unpaired data as appropriate, and linear regression

analysis.

BESPITS

Details of the patients studied are shown in fable ipl.

Patient 12 was omitted "because of technical problems with the

collection of gas samples. The preoperative sample in patient 3

would, seem to have been from a vein. There was a statistically

significant difference (P <0.025) between the groups in respect of

mean r Gu0 Eg j_ii gruujj ± aira ^uhilll ng j_ii gx-oufc; ny. Hit?a d

age in group II was hi years and. that in. group I was 35 years, but

this difference was not statistically significant.

Tables J4-2 and ip°3 an<3- figure 4*2 show the measured and

derived data of the two groups before, during and after the

administration of SNP. P-rCL and P.CL values were similar in the two12 A 2

groups and changed little throughout. In both groups there was a

marked decrease in P 0o when nitroprusside was administered (group I,3/ d

190 - l5)|mm Hg; group II, 180 - 133™£ Hg; P< 0.005 in both groups).
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Spontaneousventilation

Artificial
vent

ilation

Patient No.

1

23

h

r"b

6789
10

11

13

ik

Mean

oy\

p

SDMean

15

1617

1819

20

212223
2k2526

Age(yr)

37

2328

28

23

53503617
20

k5

ko

52

35

13

0.15

15

hi

57

1735

5758

5k

k7kikk
3k•1925!

Sex-

M

MM

M

M

MPPM
M

M

P

p

X

X

-

X

X

M

PM

PM

p

MMM
PMM

Height (cm)

173

I6J4158168178163158161178173179163159
168

8

<0.2

7

165

172

165168150159
167163158176170165168

Weight (ifg)

83

7160

63

82

706k5572
67

89

65

58

69

10

<0.25

12

66

89

k56k

6262

61

766381
5k7063

Tobacco

-

-yes

-

-

-yesyes-
-

-

yes

-

X

X

.x

X

yes

-yes

-yes

-

yesyes--
_

"DA
a2

73

86(46)96
93

75768890
89

73

68

63

81

11

<0.U8

12

81

7k

11071

8178

73

668670
789882

(mmEg)

•

Pco„

38

k2(kk)ho
hk

1+25136k6
ko

U6

36

38

U2

5

<0.025

3

38

33

3639

k3k2

38

35ki36
3736k0

(mmEg)

TableU-l;Detailsofthetwogroupsofpatients



Patient

BeforeSEP

SEP

AfterSEP

no.

PI°2

PA°2

Pa°2

PaC02

V:At

PI°2

PA°2

Pa°2

PaC02

Vvt

Pp°2

PA°2

Pa°2

PaC02

Vyt

1

360

283

164

50

0.1+8

31*5

311

91

52

0.56

31*5

;ii*

166

51*

0.52

2

.370

282

21+0

58

0.61+

352

321+

220

56

C.57

373

31*1*

215

67

0.66

3

U30

3l*2

186

1*1*

0.1*3

392

386

157

1+2

0.1+8

375

333

173

52

0.58

h

360

292

220

51*.

065

360

312

200

50

0.58

.350

299

215

51*

0.61

5

372

30l+

2U3

51*

057

350

308

2.30

51*

0.59

350

291*

225

60

0.63

6

3ko

3lh

173

63

0.62

350

321+

ll*6

51*

0.61

360

339

179

50

0.52

7

378

3US

103

68

0.71*

380

303

61*

53

0.71

387

335

109

69

0.77

8 .

365

331*

230

1*5

0.51

31*5

311*

155

1*2

0.52

390

321+

190

1*6

0.51*

9

389

367

272

58

0.5

396

365

276

1*9

0.1+9

382

31*5

253

1*9

0.1+1

10

332

308

2^6

52

0.58

330

310

21*1*

1*7

0.51

31*8

302

21+8

50

0.51*

11

330

315'

111

58

0.66

335

.317

75

59

0.73

31*0

21*5

11*4

62

0.79

13

390

3ko

111*

53

0-7

382

31*1*

79

57

0.68

390

359

110

50

0.58

ll+

360

317

li[l

5o

0 .51+

360

320

70

50

0.50

360

32.2

290

50

0.1+8

Mean

367

319

190

51*

0.59

359

326

151*

52

0.58

365

320

191*

55

0.59

sd

27

26

59

7

0.09

21

25

71*

6

0.08

18

30

55

7

0.11!

Tablel+«2:Lungandblood-gasda.ta(mmEg).ingroupI(spontaneousventilation)patientsbefore, duringandaftertheadministrationofsodiumnitroprusside.



Vn

Patient no.
15 16 17 18 19 2.0 2.1 22 23 2l+ 25 26 Mean SD

BeforeSUP
PI°2 355 35o 3ho 3i|0 370 330 320 355 350 355 366 350 31+8

11+

PA°2

PaC2

PaC02

V/VET

321 300 305 303 322 311+ 298 332 31+1 291 311+ 332

173 280 121 171 11+8 11+2 112 ll+2 230 130 265 2l+0

37

1+0 bh 1+2 32 35 37 31+ 36

1+1
32 1+1

0.59 0.60 0.68 0.60 038 037 051+ 035 0..1+2 0 .61 0..31+ 01+1+

311+ 16

180
59

380.1+9 1+0,12

SFP

PI°2

PA°2

Pa°2

PaC02

VVT

355 350 31+2 3l+o 370 330 330 360 350 350 362 350

322 302 298 303 33l+ 311+ 307 332 339 301 325 321+

12

11+

85

280
92 91+ 72. 75 82

102 155
85

21+3 230

31+9318133
35

l+i 1+2 1+3 31+ 35 38 38 1+0 39 35 39

75

38

3

0.59 0.59 0.62 O.61 0.1+1+ 0.37 0.56 0.1+7 0.55 0.65 0.37 0.62 0.51+ 0.10

AfterSUP
PI°2

PA°2

Pa°2

PaC02

353 .31+0 31+2 31+0 370 360 310 31+0 31+0 31+0 31+1+ 355

332 300 320 311 321 31+3 287 320 330 320 273 315

178 280 195 197 130
92 101+ 180 212 171+ 250 2k0

15

60

V

V,

T

32
1+0 1+1 1+1 36 33 31+ 37

1+2
39 35

1+3

0.50 0.63 0.56 0.1+9 0.39 0,1+2 0.56 0.I+9 0.1+8 0.59 0.1+6 0.63

h0.08

3I+9311+186380.52

Tablel+«3;
Lungandblood-gasdata(mmHg)ingroupII(l.P.P.Y.)patientsbefore,during andaftertheadministrationofsodiunnitroprusside.



When the infusion of SEP was stopped, and arterial pressure had

increased, P 0 returned to previous values,a £

400

300

PARTIAL
PRESSURE
(mni Hg)

200-1

mean
is.d.

100

P.O,

P.O,

Pqco2 b

c
PRE PER

S.V.

\

POST PRE

i

PER

i.PPV.

P.02

PA02

Pq02

PaC02

POST

Figure It-2; Diagram to illustrate the changes in mean value
of PT0o, P,0o, P 0^ and P C0_ before, during an_L td A d. 3 d. 3
after sodium nitroprusside infusion.

During anaesthesia, P C0o was greater in group I than in3 c.

group II, but the administration of SEP had little effect on either

this measurement or on V-^/V^ in either group, although the small
increase in mean Y.^/Vm in group II was statistically significant
(p<o.o5).

DISCUSSION

If alveolar ventilation and inspired P0^ remain constant,
there are three possible explanations for the reduction in Po0^ during
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the administration of SEP. Firstly, cardiac output may have

decreased, causing a reduction in mixed venous oxygen content and thus

increasing the effect of intrapulmonary shunting. However, it has

been shown that cardiac output increases when nitroprusside is

administered during anaesthesia (Styles, Coleman and. Leary, 1.973;

Chapter Three). Those studies were performed on supine patients,

whereas these patients had a 5° head-up tilt, "but changes in P 0o,EL c.'

similar to those described here, have also been observed in supine

patients by Griffiths et al (l$7i|). Secondly, there may have been

an increase in whole body oxygen consumption, but this seems unlikely.

Finally there is the possibility of an increase .in the scatter of

vent.ilation/perfusion ratios throughout the lung or an. increase in

the proportion of blood not being exposed to ventilation, or both.
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A major factor affecting' the distribution of ventilation/

perfusion ratios is the age of the patient (West, 1974)■ Figure ii*3

shows the values of P 0 of all patients studied, both before and
3, <L

during nitroprusside infusion, plotted against age. There is a good

correlation for the relationship under both conditions: the older

patients had the greatest reduction in PO^ when SH? was given.
Figure 4-4 shows the change in P 0o plotted against age.a tL

AGE(yrs)

Figure 4-3: Relationship between age and P Op during anaesthesia,
before and during infusion of nitroprusside. P 0~
before nitroprusside - 301 - 3-1 x s-ge(yr) (r = 0. /3)?
P 0o during nitroprusside = 301 - 4*3 x age(yr) (r = 0.82).
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Figure U*Us Relationship between age and change in P 0o following
the administration of sodium nit.roprussio.e7 Change in
"A A ~i O -i f , ... / _ - -v ^ r\ <-) r\ \

±0^2 ~ x° - -eU ) v.-1-' — v.ty).

West (1969) predicted the effects of worsening the

distribution of ventilation and perfusion within the lung, using a

mathematical model in which the ventilation/perfusion ratios were

distributed in a log-normal fashion. He pointed out that, with such

a model, maldistribution could lead to large alveolar-arterial oxygen

tension differences am high values. Recent experimental work

in the conscious human subject and anaesthetised dogs (Wagner et al,

197U; Wagner, Saltahan and West, 19745 West, 197k) has substantiated

the assumptions used in these theoretical predictions.

If those patients whose P 0o was low before operation areSi c.

considered to have increased V/Q, scatter, then, according to these

predictions, the P 0o response to an increase in inspired oxygenSi eL

concentration to 5CP/o could be less than in those patients with higher

55



P 0o values "before operation. This is what has "been found (Figure 1|«2u c.

pre-SNP), and is similar to the findings in a study of oxygen therapy

in chronic bronchitis (Mithoefer, Keighley and Keretzky, 1971)• If

nitroprusside caused a further increase in V/0, scatter, P 0 would

decrease. At this inspired oxygen concentration the reduction would

be more evident in those in whom P 0o was already reduced. This9/ lL

seems to have happened (SKP data, figure Ip5). If the reductions in

P 0o were caused by an increase in blood passing through unventilated3/ c.

areas, it is difficult to explain the more marked effect in these

patients.

PREOPERATIVE PaOj(mmHg)

Figure In1?; Relationship between jjreoperative 1^0^ ant^ "^a^2 (^ur^:n^
anaesthesia, before and during the infusion of sodium
nitroprusside. P 0^, before nitroprusside =
1+ x preop. Pg0^ - 138 (r = 0.78); -a^2 Quiring
nitroprusside = Ip-U x preop. P 0o - 288 (r = 0.8l).ct c.
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At the time that this work was published (Appendix Two)

there was little evidence to suggest how such a change in Y/Q scatter

might occur. However, as indicated in Chapter Two recent work has

shown that SEP can relax smooth muscle from "both the traoheo-brcnchial

tree and the pulmonary vessels; and the hypoxic pulmonary

vasoconstrictor response, which maintains ventilation-perfusion ratios

has "been shown to 'be depressed by SEP (Hill et al, 1978). It is

perhaps surprising that the fail in arterial oxygen tension was not

greater.

One feature of the results of this study would appear

inconsistent with the above. If nitroprusside relaxes bronchial

smooth, muscle, an increase in deadspace would be expected when the

drug is administered. This did occur in the artificially ventilated

patients (Table if 3) but not in those breathing spontaneously (Table it

The explanation would seem to be related to the difference in P GO,,
a 2

between the groups. In the artificially ventilated patients P C0_3, c.

was in the range 35 ~ U2mm Hg and i).2 - 59mm Hg in the others. An.

increase in P C0o is associated with an increase in Y~jYm (Trimble etct c. ±y i.

al, I.971)» possibly because of dilatation of the bronchial tree

(Widdicombe, 1966). "V^/Vy was greater in the spontaneously
ventilating patients and it could be that bronchial dilatation was

already maximal before SEP was administered.

This more recent work 011 the inter-relationship between C0_,

and Vj/Vm nay also be relevant to the work of Eckenhoff et al (195.3)
referred to earlier. They assumed that P C0o increased as a result3j C.

of an increase in physiological dead space and therefore advised

artificial ventilation. However it could equally be that some other

factor increased P C0o and that Y»/Vm increased as a result of this.
. a 2 Ir T •

57



Additional support for the view that the decrease in. P 0o wasZ

due to increased V/Q, scatter is provided if the Bohr equation for V-p/V^
ratio is solved for 0^, rather than COg.

-tv, -i- AT P-pp0 - P 0oThus V/Vm = E 2 a 2v i _•
12 a 2

A statistically significant increase in mean ratio is now found in
\j j.

"both groups (Table k'h)» Change in ,r7^/V^ ratio" thus calculated includes
any alteration in physiological shunting, as well, as in dead space. If

the decrease in P 0o ifas due to increased perfusion of non-ventilated3j Z

areas of lung such a change would not have occurred.

VVT Pre SKP Per SIIP

" " '

j
Post SEP i

i

S.Y.

I.P.P.7.

0,88(0.08)
0,89(0.09)

0.92(0.0i|)
0.92(0,08)

0.88(0,07)
0.88(0.11)

Table 1.1;; To show Vj/Xp (Mean and S.I). ) solved from the
Bohr equation for oxygen. For all within

group change s 1p'< 0.0$.

Sodium nitroprusside has many features that make it attractive

as a hypotensive agent but these results suggest that it should be used

in the presence of a high inspired P0o. especially in. older patients,

hone of the patients described here had a reduction in P 0,. to dangerous
cl c. ^

values, but Campkin and colleagues ("197l|) have reported a patient of

58 years whose P 0o decreased to 148mm Hg during SNP hypotension whileOf Z

'breathing $CP/j oxygen.

Since artificial ventilation did not prevent a decrease in

P 0o other factors may govern the choice of ventilation. Spontaneousa, t~

ventilation allows use of the pattern of ventilation as a monitor of

cerebral perfusion, does not impede venous return and may even increase

cerebral perfusion because of the associated increase in carbon dioxide

tension. Respiratory compensation may prevent a disastrous acidosis

and aid diagnosis if overdosage should occur (see Chapter Six).



CHAPTER FIVE

BAEMATOLOGICAL EFFECTS
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CHAPTER FlVE

EAEMATPLOGICAL EFFECTS

An interesting minor finding of the earliest study of the

effect of induced hypotension with SEP on cerebral blood flow and

oxygenation (Griffiths et al, 1971+) was a small, but statistically

significant, decrease in haemoglobin concentration. Because their

patients were undergoing major neurosurgery those workers were unable

to exclude the possibility that it was due to blood loss. An

investigation was therefore performed in patients undergoing induced

hypotension for operative procedures where blood loss is minimal.

METHODS

Two studies were ma.de in adult patients undergoing middle

ear surgery. They gave informed consent for the withdrawal of blood

samples from arterial lines inserted for routine blood pressure

measurement. Anaesthetic technique was exactly the same as in.

group I in Chapter Four.

In the first study ten patients, in whom hypotension was

induced with SEP, had samples taken after induction of anaesthesia,

after lj? minutes of hypotension and at the end of the period of

hypotension. In the second study twenty patients were randomly

allocated to receive either SEP or trimetaphan. Blood samples were

taken after induction of anaesthesia, at the end cf the period of

hypotension and one hour after the procedure.

Blood samples were taken into tubes containing ethyieneaimine

tetra-acetic acid as anticoagulent. [They were analysed for haemoglobin

concentration '(Kb), red blood cell count (KBC), haematocrit (Hct),
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mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCE) and

mean corpuscular haemoglobin concentration (MCBC) on a Coulter counter,
•which has a coefficient of variation of <1% for these parameters.

Statistical analyses were performed using t tests for paired

or unpaired data as appropriate.

EESULTS

Control
15 minutes End of procedure

Durati on

Hb(g/ai) Volume (ml) Hb(g/ai) Volume (ml) Hb(g/dl) (min)

lk-2 223 13.8. 500 13. k 79

11.7 So 11. k IkO 11.6 55
13.3 75 13.0 225 12.8 70

16.0 225 15.2 700 15.3 ko

13. h 20 12.8 250 13.7 k3
12.2 50 11.9 2.00 11.5 30

ill. 2 100 13.6 175 13.2 30

Hi. 2 U40 1I4.0 1|80 13. k k.8
16.1 75 15.6 hoo 15.3 7k
Ik, 6 1J40 1)4,2 I480 13-7 k5

Mean IJ4.0 110 1 "5 6 355 13.4 51
SD l.k 72 1.3 18)4 1 "5-L • .J 18

Table 5*1 s To show individual haemoglobin concentrations in 10
patients before, after 15 minutes of, and at the end of
induced hypotension with SUP, together with the volumes
of fluid infused and the durations of the procedures.

Table 5*1 gives the individual haemoglobin concentrations

from the first ten patients together with the volumes cf fluid

containing SUP infused at the time of taking each sample and the

durations of the procedures. There was no correlation between the

volume of fluid infhsed and the change in haemoglobin at either

time interval.
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Control ? 13 minutes p
End of

procedure

Jib (g/dl) l4.0(l.l|) <0.0003 13.6(1.3) NS 13.4(1.3)

EIC(xl012/l) 1^.70(0.37) <0.0003 14.36(0.34) ITS 4.30(0.34)

Hot 42.3(4-1) <0.0003 41.2(3.6) NS 40.6(3.3)

MCV(fl) 90(3) US 90(4) US 90(3)

MCE(pg) 30.2(1.0) NS 30.1(1.0) NS 30.2.(1.1

MCHC(g/dl) 33.1(0.7) MS 33.0(0.7) NS 33.1(0.6)
——

Table 3°2: Means (and SD) of data in first study, together with
probability values for changes between control and J-3
minutes, and 1$ minutes and the end of the procedure.

Table 3*2 summarises the results of all six measurements in

those ten patients. Mean haemoglobin concentration fell from I/4.O to

13.6 g/dl in 15 minutes and to 13.4 by the end of the operations.

There were parallel changes in KBC and Hot and all these decreases

were statistically significant.

Table 3*3 shows the results of the study where the two

hypotensive agents were compared. Similar decreases in Hbs EBC and

Hot occurred with both agents. The changes were comparable to those

in the first study and one hour after anaesthesia the figures had

returned to control. The only difference between the agents was in

the volume of fluid infused.

In neither study were there any changes in MCV, MCH or

MGEC.
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Control P
End of

procedure
P

One hour
after

procedure

Hb

(e/cii)
SEP
ASF
P

ih.3(l.3)
114.4(1.3)

ES

<0.005
<0.005

13.5(0.9)
13.7(1.6)

ES

<0.005
<0.005

14.1(1.0)
l4.4(l.6)

ES

EEC

(xio12A)
SEP
ASF
P

4-73(0.42)
4.65(0.39)

ES

<0.005
<0.005

4.46(0.35)
4.42(0.49)

ES .

<0.001
<0.005

4.67(0.33)
4.65(0.42)

ES

Hot
SEP
ASF
P

4l(4)
41(3)

ES

<0.005
<0.005

39(3)
39(4)

ES

<0.02
<0.01

40(3)
4i(4;

ES

MOV"

(fl)
SEP
JffiP
P

88(4)
89(5)

ES

ES
ES

89(4)
89(4)

ES

ES
ES

88(4)
89(5)

ES

MCH

(pe)
SEP
AEP
p

30.5(1.7)
31.2(l.8)

ES

ES
ES

30.6(1.7)
31.3(1.9)

ES

ES
ES

30.6(1.5)
31.2(1.8)

ES

MCHC

(g/dl)
SEP
ASF
P

34.6(1.5)
34-8(0.7)

ES

ES
ES

34-5(1.3)
35.0(0.9)

ES

ES
ES

34.7(0.9)
34.9(0.9)

ES

Volume
infused

(ml)

SEP
ASF
P

486(245)
274(176)
<0.05

Time

(min)
SEP
ASF
P

65(23
57(40)

ES

Table 5'3' Means (and SB) ox data in comparative study together
with probability values for changes within, and
differences between, groups.
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DISCUSSION

These results confirm that haemoglobin concentration

decreases during infusion of SNP even when blood loss is minimal. A

similar change occurred with trimetaphan and has been demonstrated when

hypotension is produced by halothane and epidural anaesthesia (Bond,

1969). This suggests that it is an effect of hypotension rather than

of a specific drug. Since the parameters of red cell integrity (MCV,

MCH and MCHC) were unaffected and the changes in Hb, HBC and Hct had

returned to control level an hour after the procedure the effect might

seem to be due to plasma expansion. Measurements during induced

hypotension with hexamethonium (Morris et al, 1993) have shown that

plasma volume does increase. The explanation would be that during

hypotension the normal pressure gradient at the capillary is reversed

and fluid moves from the interstitial space back into the circulation.

However, the major part of the change in haematocrit is

apparent after 15 minutes of hypotension (Tables 5*1 and 5*2) which

seems rapid for such a process and there is relatively little change

thereafter. In addition, two other possible explanations exist.

Firstly haematocrit varies in different parts of the

circulation because of the phenomena of plasma skimming. whole-body

haematocrit is lower than that of blood from a large artery or vein

(Kelman, 197-l)» It may be that the vasodilation produced by

hypotensive agents leads to better "mixing" of blood from different

pants of the body and the measured haematocrit becomes nearer to the

true whole-body figure. This phenomenon might also explain the

"increase" in plasma volume observed by Morris et al (1953)•

Secondly the hypotensive agents were given in diluted form



"by infusion. It is possible that plasma expansion might be due simply

to the volume of this fluid. The mean haemoglobin concentration of

the patients in the first study prior co hypotension was II4 g/dl. If

a blood, volume of 5 litres is assumed the addition of llOmls of fluid

(the mean volume infused in the first Is minutes) will result in a.

haemoglobin of 13»7 g/dl. The measured figure was 13.6. However,

against this as a possibility is that individual patients' change in

haemoglobin did not correlate with the fluid volume they received, and

in the comparative study those who received trimetaphan had very similar

changes to those who received nitroprusside although the volumes infused

were much less (Table 3'♦ 3) - Further, a dilutiona'l explanation assumes

that none of the infused fluid moves from intravascular to sxtravascular

space. However, it is possible that red cell sequestration by the

spleen is increased by SEP.

Other haematclogical effects

An early topic of concern regarding a possibly toxic effect

of SEP was related to the finding of a decrease in plasma levels of

vitamin B-^ (Vesey et el, 197k)* It was thought- that this was of
some major significance to B^ metabolism. However, combination of
cyanide with hydroxycobalamla is one of the minor pathways that the

former may follow (Chapter Two). This decrease in 3h 0 was just the

earliest indication that the metabolic; effects of nitroprusside were

not as benign as had been believed (see Chapter Six).

Finally, concern was expressed that SEP would give rise to

significant methaemoglobinaemia. Bower and Peterson (1975) described

a patient who developed cyanosis after four days of nitroprusside

therapy following myocardial infarction. The methaemoglobin

concentration was found to be 2 g/'dl. However, it was pointed out that

no evidence was presented that the patient did not have congenital
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methaemoglobinaemia (Gabel, 197c) and that that degree of

methaemoglobinaemia is of questionable significance (Posrier, 1976).

Smith and Carleton (1976) examined I|. similar patients and found no

evidence of accumulation of methaemoglobin above physiological levels

nor did du Cailar et al (1978) in 1+2 hypotensed patients. Thus

although methaemoglobin may be formed by the metabolism of

nitroprusside (Chapter Two) it would seem to be of more theoretical

than practical interest. This would suggest that the reaction with

haemoglobin outlined in Chapter Two is not a major pathway for

nitropxusside breakdown.
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CHAPTER SIX

METABOLIC EFFECTS

When SEP was first introduced into clinical practice it was,

as a result of the work of Johnson (1929) and Page et al (1955)>

'believed that the risk of cyanide toxicity was minimal, if not non¬

existent, at pharmacological doses. However, occasional case reports

appeared in the literature describing severe metabolic acidosis

associated with high dosage requirement to overcome "resistance" to

the hypotensive action of SEP. Usually these cases were fatal, hut

in at least one case respiratory compensation in a spontaneously

ventilating patient was thought to have contributed to survival

(MacRae and Owen, 1971+) • In addition McDowall et al (1971+) described

animal studies where their experimental subjects frequently developed

a fatal metabolic acidosis.

This was circumstantial evidence that cyanide toxicity could

occur. Then Yesey, Cole and Simpson.(1976) reviewed the case reports

of presumed cyanide toxicity and published measurements of cyanide

concentrations in plasma and red blood cells made during and after

infusion of SEP in anaesthetised man. They found that significant

amounts of cyanide were being released and made recommendations

regarding the safe maximum dose based on these measurements. However,

cyanide measurements were questioned as suitable indicators of exposure

to cyanide after nitroprusside (Smith and Kruszyna, 1976); and the

significance of the findings of Vesey, Cole and Simpson (1976)

questioned.

Cyanide blocks oxidative phosphorylation by the cytochromes.

Some energy is produced anaerobic-ally by glycolysis with production of
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lactate from pyruvate which is unable to enter the Kreb's cycle. It

was decided to study blood lactate and pyruvate concentrations as

indicators of this effect of cyanide release in patients receiving

nitroprusside during anaesthesia. Patients who received trimetaphan

were studied as controls so that any effect of hypotension itself on

perfusion (and therefore on oxygenation) could be assessed separately

from that due to any metabolic consequence of SEP breakdown.

METHODS

Patients and Anaesthesia

Twenty patients undergoing middle ear surgery for which

hypotensive anaesthesia was indicated were studied. The nature of

the study was explained to the patient and consent obtained.

Premedication was with oral diazepam lOmg. Anaesthesia was induced

with thiopentone 25>0-Ij.OOmg and endotracheal intubation performed with

the aid of pancuronium 6-8mg. Anaesthesia was maintained with %CP/o

nitrous oxi.d.e in oxygen with halothane- l-2/o. The lungs were ventilated

artificially at 15 breaths/min. using a Cape-Waine anaesthetic

ventilator (Cape Engineering Ltd.) with tidal volume set so that expired

volume, measured with a Wright respirometer (British Oxygen Company Ltd.)

equalled that indicated- by the Radford (1955) nomogram.

Protocol

After induction of anaesthesia a 19G- Yenflon cannula,

(Everett Medical Products Ltd.) was inserted percutaneousiy into a

radial artery to allow measurement of arterial pressure and sampling

of arterial blood. After 15 minutes of stable anaesthesia samples

of arterial blood were collected for estimation of lacta/te, pyruva.te
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and haemoglobin concentrations and for "blood-gas analysis. An

infusion of 0.9% saline containing either SUP or trimetaphan (Arfonad,

Roche) was started. Allocation to either drug was on a, random hasis

and infusion rates were adjusted to produce a systolic arterial

pressure of 60mm Eg. The infusion was continued until the end of

surgery, when a second set of samples was taken. Pancuronium was

antagonised with neostigmine, the tracheal tube removed, and the patient

breathed 35% oxygen from a Ventjma.sk (Vickers Medical Ltd.) until a

third set of samples was taken one hour after the second. The

arterial cannula was then removed.

Measurement s

Blood samples for lactate and pyruvate and blood-gas

extimation were drawn into two heparinised iced glass syringes. One

was sealed and placed in an ice-water mixture for transport to the
4-

laboratory where ana-lysis for H , P 0. and P C0o were performed using2, 2/ (L

an IL 213 microelectrode system. Standard bicarbonate was derived

from H+ and PCO,, using the Sigaard-Anderson alignment nomogram. Thea

lactate-pyruvate sample was Immediately decanted into an iced glass

tube. An aliquot was aspirated to an iced glass pipette, placed in an

equal volume of iced perchloric acid, the mixture centrifuge!, and the

supernatant liquid assayed for lactate and pyruvate using an enzymatic

method (The Boehringer Corporation (London) Ltd.).

Analysis

Following the comparative study another six patients who

received SEP were studied to provide more data for analysis of the

dose-effect relationship on lactate-pyruvate changes.

Differences between the two randomised groups were compared
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using a t-iest for two means, and changes within groups compared with

a paired t test,

RESULTS

Table 6*1 shows the details of the two groups of patients in

the comparative study. Those who received trimetaphan were younger,

heavier and underwent procedures of shorter duration than those who

received SHP, hut none of the differences were statistically significant.

The results from one patient in each group were incomplete and have been

omitted.

Nitroprusside Trimetaphan

.Age (yrs) 36 - 18 29 - 10

Sex 5M ipF 6M 3E

Weight (kg) 62- 7 65 - 15

Duration of

surgery (mins)
62 - 2k U8 ± 29

1 ! . 1 . —— J

Table 6-1: Ages, sex, weight and duration of surgery in two
groups of nine patients who received nitroprusside
or trimetaphan. (Means - SD).
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Table 6*2 summarises the blood-gas data. The patients in

both groups were well oxygenated and there were minima.! changes in

mean P CO..
a 2

Nitroprusside Triro.etapha,n

Pa°2
(mm Eg)

PaC02
(mm Eg)

pa°2
(mm Eg)

PaC02
(mm Hg)

One (IPFV:PI0? 0.5) 203 - 38 38 ± 5 225 1 55 38 ± 5

Tito (rPPV:P];02 0.5) 189 1 U5 39± 173 - 68 50 - 9

Three (SViP-jf^ 0.35) 153 - 23 h2i 5 128 - 38 ho - 3 |
Table 6»2: Summary of blood-gas data (mean - Sh) in the two groups

of patients. Samples taken at the start (One) and
finish (Two) of hypotension, and one hour after (Three)
the procedure.

Table 6-3 summarises the lactate, pyruvate and standard

bicarbonate concentrations and the lactate/pyruvate ratios of the 18

patients in the comparative study. Changes in the measurements were

...... -? i i n r? ...• • , L. .. ^ -i -> ........ _ ..."
0CX11CJ. oJj_n.ty iDiucua-u. euLxu. j.iiv>uii.Da.D ucn u • -xxrvr-i. u; inoo cx c>iua>.i-j_

deerea.se in mean lactate concentration in those who received

trimetaphan whereas there was a small increase in the SMP group between

the second and third samples. In none of these measurements were

wit-hin-group changes or hetween-group differences statistically

significant.
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Group Measurement

Nitroprusside (n=9)
Trimetaphan (n=9)

Nitroprusside (n=6)

Lactate1 mmol/l2
3

0,85(0.30 0.85(0.31 0.89(0.61
|

O.87(O.83(0.73(
0.22) 0.28) 0.29)

1.05( 0.95 0.80(
0.1+1+ 0.32 0.32
)

Pyruvate1 mmol/l2
3

0.050 0.053 0.051

(0.019) (0.012)(O.O33)

0,01+3 0,01+8 0.01+2

(0.018)(O.OII+)(0.0.1+)

0.061+ 0.058 0.050

(0.021+)(O.OI3)(0.011+)

L/P1 Ratio2
3

17.5( it,.3( lO.l(
5.9)U.8) 10.6)

26.1+( 18.0 10.3

17.5)(7.3)(9.9)

16.8(5-7) 16.2(1+.5)16.9(8.1)

Bicarbonate1 mmol/l2
3

23.2(22.9( 22.2(
2.0) 2.3) 1.5)

22.3 22.1+ 21.6

(!.U) (1.8)(1.3)

21.2(2.3) 20.8(2.6) 20.8(I.7)

LoseRate pig/kg/min.

12.1(9-9)

-

12.6(15)

TotalLose mg/kg

0.68(0.5)

-

O.38(0.3)

Table6♦3:Tosummarise(rieans-SD)thelactate,pyruvate,lactate-pyruvateratioand "bicarbonateresultsofpatientsstudied,(n=9)aregroupsincomparative studyand(n=6)theadditionalgroupwhoreceivednitroprusside.1-samples atstartofprocedure,2=samplesatendofprocedureand3=samplesone houi?aftertheprocedure.



Table 6*3 s-lso summarises the data for the additional six

patients studied with SUP infusion and Figure 6*1 illustrates the

changes in lactate concentration that occurred in all 1$ patients who

received SUP. These changes were analysed in respect of both total

dose and dose rate and no obvious relationships were apparent; neither

were changes in lactate concentration related to duration of hypotension.

PLOT OF CHANGE IN LACTATE CONCENTRATION WITH DOSE OF SNP

♦ 10-

♦ 0-5

A 1-3
LACTATE
mmoi/i

-0!

0-5
• c

SNPmg/kg

Figure 6-1: Relationship between dose of nitroprusside and change in
lactate concentration between the start of hypotension
p.-nd cvhp hour f.Vio cynpT^+.-j -

Lactate concentration decreased in the majority- of patients

who received nitroprusside (Figure 6*l) and the slight increase in

mean lactate concentration in the original SEP group was caused almost

entirely by one patient whose arterial pressure was resistant to the

effect of SEP from the outset. The results for this patient are

shown in Table 6*ip, with some subsequent blood-gas values: the lactate

concentration increased and there was a decrease in standard

bicarbonate; the lactate/pyruvate ratio decreased and the excess
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Sample No. 1 2 3 k 5

Lactate

(mmol/l)
1.12 1.1+8 2.39 - -

lyruvate
(mmol/l) 0.01+ 0.08 0.13 - -

L/P ratio 28 18.5 18. JL+ - -

Excess Lactate

(ramol/l)
- -0.76 -0.75 - -

Hydrogen ion
(nmol/i) 3k k2 39 ill 33

PaC02
(mm Hg)

hk k9 UP. 36 i+0

Bicarbonate

(mmol/l) 25.5 22 U\HCM

1

00 r/ 26

Pa°2
(mm Eg)

1J46 195 13U 3i+ 99

E 0
12 0.5 0.5 0.35 0.2.1 0.21

Table 6«1+: Results from patient 2: 28-year old, $k kg female.
Eon-smoker. Received 86mg of sodium nitroprusside in
i|2 mins. 1 = start of hypotension: 2 = end of
operation: 3 = 0115 hour after procedure: 1+ - three hours
after procedure: 5 = one hay after procedure.
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lactate value (Huekabee, 1958) was negative. At the end of the

procedure the patient's condition was clinically unremarkable and

within 3 hours standard bicarbonate had increased spontaneously.

DISCUSSION

Certain physiological and other safeguards are necessary

to allow blood lactate concentrations to be used to assess intra¬

cellular acidosis. Although it is an indirect method it is the best

available (Cohen and Simpson, 1975)• Oxygen delivery to the tissues

must be adequate: the patients in the present study were all well

oxygenated and cardiac output is known to be normal or slightly

increased during induced hypotension with nitroprusside (Chapter Three;

Styles, Coleman and Leary, 1973)- Changes in P C0o, particularlya d

hypooapnia, affect lactate concentration (Cohen and Woods, 1976), and

for that reason normocapnia was maintained. Infusion of glucose can

increase blood lactate (Cohen and Woods, 1976); the drugs were given in

saline. Blood was withdrawn from an arterial cannula to avoid stasis.

All glassware was .iced and the specimen for lactate decanted into

perchloric acid as soon as possible so that the effect of red cell

glycolysis oftor withdrawal was minimal.

Lactate and pyruvate data are often expressed as the ratio

of the two, but this does not seem to be of use in this situation.

In the one patient with clear changes, this ratio decreased when it

would have been expected to increase. This was because there was a

greater proportional increase in pyruvate than in lactate. Excess

lactate has also been used to indicate changes in lactate

concentration independent of alterations in pyruvate (Huckabee, 1958).

Mathematically, however, this figure is not independent of pyruvate

(Cohen and Woods, 19?6) and in the same patient the change was the
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reverse of that which, would he expected.

The results show7 that hypotensive anaesthesia with

trimetaphan is not associated with any evidence of cellular hypoxia.

Mean lactate concentration decreased slightly with this agent,

presumably because peripheral perfusion was improved by vasodilatation.

Increased oxygen tension during anaesthesia or simple physical

inactivity could also have been responsible, but normotensive halothane

anaesthesia produces a slight increase in lactate concentration

(Chamberlain and Lis, 1968; Yamazaki et al, 1975)* SUP in low doses

also decreased lactate concentrations and it has been used (Taradash

and Jacobsen, 1973) "to treat idiopathic lactic acidosis associated

with poor peripheral perfusion.

With larger doses, the lactate concentration may increase,

presumably as the toxic effect begins to counter the effect on

perfusion. The patient who showed resistance to the hypotensive

effect of SUP required 1.6mg/kg and had the greatest increase in

lactate concentration (Figure 6•1). Although the increase was small

and recovery uneventful, this case shows the need to limit total dosage

JL1A t'C: CiyVlu^LlU-b OjLct UxOIij CbilU. U11CDC ICCUf ljS wOu-Lvl "uiiG O ucu.

maximum dose of 1.5>mg/kg based on cyanide studies (Vesey, Cole and

Simpson, 1976). Suggestions have also been made regarding- the

maximum safe rate (Editorial, 1978) - a dose of lOpg/kg/min being

quoted. While this may apply to administration over a period of days,

these results indicate little relationship to dose rate during

hypotensive anaesthesia.

The increase in blood lactate concentration in the resistant

patient could have been caused by a reduction in hepatic clearance
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'because of a reduction in liver blood flow, rather than by increased

production of lactate. Clearan.ce of indocyanine green has been used

as an indicator of liver blood flow and is not influenced by infusion

of SIC during halothane anaesthesia (Abdel Salaui et al y 1976).

This study investigated the effects of clinical use of SIC

on metabolism. Instead of measuring cyanide concentrations, and

attempting to deduce toxicity indirectly, alterations in the metabolic

state were sought. When it is used within its known toxic

concentrations, there is no metabolic upset. This means that for

practical purposes the drug can be administered in normal doses without

fear of producing metabolic acidosis, except in patients with known

contraindications (Cole, 1978).

Unfortunately, this does not mean that the problem of

metabolic acidosis as a potential complication can be ignored. There

is no means of predicting how much drug will be needed for any

particular patient. Most require only small amounts, but occasionally

doses approaching 1.5>rog/kg are needed. It has been argued that safe

use of nitroprussiae requires ready access to lactate estimation

/,kdit"ri~l i^ b"4" +h-^~ res"!4"' confirm animal ~+udia~ *rkiev

suggested that changes in lactate are mirrored by changes in bicarbonate

concentration (Simpson et al, 1977). Blood-gas analysis is easier,

quicker and cheaper to perform ana far more readily available. It is

suggested that this estimation is adequate for assessing toxicity

following acute administration during anaesthesia, and should be

performed when the total dose is likely to exceed 1.5mg/kg.
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CHAPTER SEVEN

CONCLUSIONS AND SUGGESTIONS FOR MINIMISING ADVERSE EFEECTS

Sodium nitroprusside has many features that make it suitable

for use as a hypotensive agent during anaesthesia and surgery. It

produces a rapid decrease in blood pressure that is readily

controllable, and the blood pressure returns to control levels equally

rapidly on discontinuation of infusion. During the hypotension

overall circulatory performance is ■'unaffected so that, with the

exception of the kidney, organ blood flow is preserved. The safe use

of such a potent agent during surgery does of course require a high

standard of anaesthesia with careful monitoring of the patient's

condition and the drug's effect.

Oxygen carriage by the blood is impaired by the decreases

that occur in both arterial oxygen tension and haematocrit. A high

inspired oxygen tension during administration is therefore essential

to ensure maximum haemoglobin saturation. Affinity of oxygen for

haemoglobin is not affected by SNP in vivo (Vesey, Krapes and Cole, 1980).

The decrease in haematocrit is common to the use of other hypotensive

drugs, and could be looked upon as an advantage since blood viscosity

will also be decreased. This may aid maintenance of blood flow and

ensure oxygenation.

Of greater significance for patient safety is the risk of

cyanide toxicity when high doses are required. The majority of cases

can be managed without approaching these doses, but in a proportion of

patients they will be exceeded. Several options are open to the

anaesthetist who values the circulatory advantages of SUP, but who is

concerned about toxicity.
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When the dose level approaches that likexy to produce

acidosis the patient's acid-hase status should be monitored and if an

acidosis is developing a change can be made to another agent.

However, this can produce difficulties of pressure control at the time

of change-over and is a policy that involves the deliberate courting

of disaster.

One possibility might be to give sodium thiosulphate. As

outlined in Chapter Two cyanide is detoxified by a reaction with

thiosulphate. As the liver contains large amounts of the necessary

enzyme, rhodanese, the availability of thiosulphate is the limiting

factor. Thiosulphate therapy will increase the safe maximum dosage

in animals (Michenfelder and Tinker, 1977) hut increases the SHP dose

requirement (ivankovich et al, 1980). It has not yet been tried in

man.

A more practical approach is to try and reduce the amount of

SHP required. The effect of SUP is potentiated by other vasodilators

(Page et al, 1955) suggesting that combining it with another might

achieve a reduction in dosage. Dinmore (1977) combined SUP with

trimetsrihfl.n, using two separate infusions,' This .is difficult to

control and has never found favour. Recently this combination, but

with both drugs in the same infusion has been tried (MacRae, ¥ildsmith

and Rale, 1981). 12.of SKP and 125mg of trimetaphan were added

to 500ml of 5% dextrose and administered in much the same way as

SHP alone.

The assessment of this technique is at an early stage, hut

blood pressure changes were almost as rapid and as controllable as

with nitroprusside alone, and a significant decrease in dosage of
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the latter was achieved (Table 7*1)• An associated benefit was that

Total dose Used alone Mixture

SEP 0.68 0.09.6

0.96AEF 6.7

Table 7'li Total dose (mg/kg) of sodium nitroprusside and
trimetaphan when used alone (data from patients
described in Chapter Five) cr in combination
(data from MacBae, Vildsmith and hale, 1981),

it was felt that better operating conditions were obtained than with
«

SEF alone. This may relate to trimetaphan tending to decrease cardiac

output (Scott et al, 1972.) whereas SEP tends to increase it (Chapter

Three) and raises the interesting topic of whether it is a reduction

in flow or blood pressure to an operative area that is responsible

for ischaemia. The implication of the experience with the mixture

of nitroprusside and trimetaphan is that it may be better to avoid

the increase of output that may occur- with SEP alone.

Beta-blocking drugs have also been used to potentiate the

effect of SEP and reduce its dosage (Bedford, Berry and Longnecker,

1979)< One reason for the use of these drugs is to prevent the

reflex tachycardia produced by SEP, but they have been shown to have

a more interesting action -- the reduction of renin release (Pettinger

and Keeton, 1976)* SEP hypotension stimulates renin release (Kaneko

et al, 1967), presumably by reflex mechanisms. Renin activates

angiotensin, a directly acting vasoconstrictor, and thus antagonises

SEP. Greater amounts have to be given to maintain hypotension and

the risk of toxicity is increased.
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Little is known about renin release in other forms of

pharmacological hypotension, but it may be that the dose reduction

produced by combination of SKP with trimetaphan is due to blockage of

the reflex arc by trimetaphan at the ganglionic level. SKP mediated

renin release is certainly decreased in conscious hypertensive

patients by pretreatment with ganglionic blocking drugs (Kaneko et

al, 1970). That study also showed that the decrease in renal blood

flow associated with SKP is abolished by the combination of the two

drugs. This opens the possibility of SKP dose reduction in the future

by its combination with one of the renin antagonists currently being-

investigated (Editorial, 1980).

This search for methods for increasing the safety of SKP is

not dissimilar to the pattern outlined in Chapter One for improving

the early methods of induced hypotension - history repeating itself to

some extent. The introduction of sodium nitrcprusside auto anaesthetic

practice represented a major advance, but its ideal circulatorry effects

are offset by the risk of cyanide toxicity. The search now is for a

technique that has one but not the other. The combination with

trimetaphan has given good clinical results, and has opened up several

avenues for further research.
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ABBREVIATIONS

ABB Trimetaphan camsylate (Arfonad: Roche)

B^ Vitamin B^-
C Degrees centigrade

cAMP Cyclic adenosine monophosphate
cGMP Guanosine phosphate
cm Centimetre

CN Cyanide ion

CNB12 Cyanocohalamin
CNmetHb Cyanomethaemoglohin

CO^ Carhon dioxide
cone. Concentration

COOH Formate ion

CVP Central venous pressure

dl Decilitre

ECG Electrocardiograph
F Female

Fj02 Fraction of inspired oxygen
fl Femtolitre

G Standard wire guage

g Gramme

Hb Haemoglobin
Ect Haematocrit

in Inch

IPFV Intermittent positive pressure ventilation

kg Kilogramme
1 (or h) Litre

L/P Ratio of concentrations of Lactate and Pyruvate
M Male

MCE Mean corpuscular haemoglobin
MCHC Mean corpuscular haemoglobin concentration
MCV Mean corpuscular volume

metHb Methaemoglobin

mg Milligramme
min Minute

ml Millilitre

mmHg Millimetre of mercury
mrnol Millimole
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n Number in a group

Na^SO^ Sodium sulphite
^2820^ Sodium thiosulphate
nmol Nanomole

NP Nitroprusside ion
NS Not significant at 1 in 20 level
P Probability
P C0o Tension of carbon dioxide in arterial blood
a,

£>2 Tension of oxygen in alveolar gas
P 0o Tension of oxygen in arterial blood3/ tL

P^jC^ Tension of carbon dioxide in mixed expired gas

P^Og Tension of oxygen in mixed expired gas
per During

pg Picogramme

P^-Og Tension of oxygen in inspired gas
post After

pre Before

preop Before the operation
r Regression coefficient.
RBC Red blood cell count

SON Thiocyanate ion
SD Standard deviation

sec Second

SNP Sodium Nitroprusside (Nipride: Roche)
vJ V Ojovjn octavo Guo v*3xl ui.xu> UxGH

Vd/Yt The ratio of physiological deadspace to tidal volume
V/Q The ratio of pulmonary ventilation to perfusion

yr Years

pg Microgramme
A Change in

^ Less than
Greater than
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HAEMODYNAMIC EFFECTS OF SODIUM NITROPRUSSIDE DURING
NITROUS OXIDE/HALOTHANE ANAESTHESIA

J. A. W. Wildsmith, R. L. Marshall, J. L. Jenkinson, W. R. MacRae and D. B. Scott

summary

Haemodynamic studies were made in five patients receiving sodium nitroprusside by
intravenous infusion for controlled hypotension during nitrous oxide/halothane anaes¬
thesia. There were marked falls in arterial pressure, peripheral resistance and central
venous pressure. Heart rate and cardiac output rose while stroke volume was little
changed. All parameters returned quickly to control values on discontinuation of sodium
nitroprusside administration.

In recent years there has been renewed interest in
sodium nitroprusside as a hypotensive agent,
particularly for use during surgery, to provide a
bloodless field. Its very evanescent effect, which made
it difficult to use in the medical treatment of hyper¬
tension, is ideal for this purpose (Jones and Cole,
1968; Taylor, Styles and Lamming, 1970; Siegel,
Moraca and Green, 1971; MacRae, 1971).
It was decided to measure its effects on the circula¬

tion so that comparison could be made with trimeta-
phan camsylate, the haemodynamic effects of which
we recently reported (Scott et al., 1972).

methods

A study was made of five patients, three male and
two female, undergoing anaesthesia with induced
arterial hypotension for middle ear surgery. They
were aged between 23 and 45 years and their general
health was good. Consent for the investigation was
obtained from each patient after explanation of the
procedure.
The patients were premedicated with diazepam 10

mg orally and anaesthesia induced with thiopentone
250-350 mg intravenously. All were intubated with
a cuffed oral tube with the aid of suxamethonium 50

mg. Thereafter they were allowed to breathe spon¬
taneously a mixture of nitrous oxide (2 l./min) and
oxygen (3 l./min) containing 1.5-2% halothane,
from a semiclosed circuit with carbon dioxide
absorption.

j. A. W. Wildsmith, m.b., ch.b.; R. L. Marshall, m.b.,
ch.b., d.obst.r.c.o.g., f.f.a.r.c.s.; j. L. jenkinson,
m.b., ch.b., f.f.a.r.c.s.* Department of Anaesthetics,
University of Edinburgh; W. R. Macrae, m.b., ch.b.,
f.f.a.r.c.s.; D. b. Scott, m.d., f.f.a.r.c.s., Department of
Anaesthetics, Royal Infirmary, Edinburgh.
*Present address: Western General Hospital, Edinburgh.

Haemodynamic studies were made in exactly the
same way as in the trimetaphan series (Scott et al.,
1972). Arterial and central venous pressures were
measured directly and cardiac output by the indicator
dye dilution technique using indocyanine green. The
electrocardiogram was monitored throughout and
used to obtain heart rate.

Stable anaesthesia having been achieved, four con¬
trol readings of mean arterial pressure, cardiac out¬
put, central venous pressure and heart rate were
made at 2-min intervals. An intravenous infusion of
sodium nitroprusside 0.005% was then started, and
adjusted to produce a fall in systolic arterial pressure
to about 60 mm Hg. A further four readings of the
above parameters were then obtained, again at 2-min
intervals. The infusion was then stopped and a final
three readings made. The patients were kept
horizontal throughout and surgery was not started
until all recordings were completed in order to avoid
interference with measurements by surgical stimuli.
Subsequently stroke volume was calculated from

cardiac output and heart rate, and peripheral
resistance from cardiac output and mean arterial
pressure. Statistical analysis of the changes in the six
parameters was carried out using the paired f-test.

results

Table I shows the mean values for mean arterial

pressure, cardiac output, central venous pressure,
heart rate, stroke volume and peripheral resistance
before, during and after infusion of sodium nitro¬
prusside. Mean changes occurring when hypotension
was induced, and again when it was discontinued,
are given in table II, together with t and probability
values.
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Table I. Mean values of haemodynamic parameters at Z-min intervals of five cases before, during and after sodium
nitroprusside (SNP).

Control SNP infusion running SNP stopped

Mean Mean Mean
-8 -6 -4 -2 ±SD 2 4 6 8 ±SD 12 14 16 ±SD

Mean arterial pressure 72 70 68 68 69 40 38 42 42 41 65 70 68 68
(mm Hg) ±13 ±13 ±12

Cardiac output (l./min) 5.3 5.6 5.7 5.5 5.5 6.8 6.4 6.1 6.7 6.5 5.8 5.3 6.0 5.7
±3.0 ±3.0 ±2.9

Central venous pressure 7.7 7.9 8.3 8.3 8.1 2.3 2.7 3.1 3.0 2.8 5.9 7.0 7.3 6.7
(mm Hg) ±3.4 ±3.3 ±2.8

Heart rate (beats/min) 67 68 67 67 67 82 84 85 82 83 67 65 64 65
±11 ±13 ±9

Peripheral resistance 1230 1270 ]1140 1190 1210 580 570 630 590 600 1110 1260 1160 1180
(dyn/sec/cm-2) ±490 ±280 ±540

Stroke volume (ml) 81 84 87 82 84 83 75 71 83 78 88 83 94 89
±50 ±34 ±46

Table II. Statistical comparison of means of haemodynamic parameters of five cases before and during, and during and
after, sodium nitroprusside (SNP). Paired t-test used.

Post-
Control SNP Mean diff. t SNP SNP Mean diff. t

mean mean ± SD P mean mean + SD P

Mean arterial 69 41 — 28 6.84 41 68 + 27 7.97
pressure (mm Hg) ±10 <0.005 ±8 <0.005

Cardiac output 5.5 6.5 + 1.0 3.61 6.5 5.7 -0.8 2.05
(l./min ±0.6 <0.025 + 0.9 n.s.

Central venous 8.1 2.8 -5.3 5.13 2.8 6.7 + 3.9 2.80
pressure (mm Hg) ±2.1 <0.02 ±2.8 n.s.

Heart rate 67 83 + 15 4.9 83 65 -18 7.65
(beats/min) ± 7 <0.01 + 5 <0.005

Peripheral resistance 1210 600 -610 4.57 600 1180 + 580 3.69
(dyn/sec/cm-5) ±300 <0.01 ±350 <0.025

Stroke volume 84 78 — 6 0.70 78 89 + 11 1.69
(ml) ±18 n.s. ±14 n.s.

Mean arterial pressure. This fell in every case to
an average value of 58% of control and quickly
returned to control value on discontinuation (fig. 1).
Both changes were significant to a high degree.
Cardiac output. The group as a whole showed a

moderate and statistically significant rise in cardiac
SNP SNP
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SNP SNP
INFUSION INFUSION
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Fig. 1. Mean values of arterial pressure at 2-min intervals
in five cases before, during and after sodium nitroprusside
(snp). Vertical bars represent +1 standard error. On the
right are shown the mean before, during and after nitro¬

prusside in individual cases.

ouput during infusion. No patient suffered a fall in
output, though in one case it remained the same (fig.
2). On withdrawal of nitroprusside all patients ex¬
hibited a slight fall, which did not reach the level of
statistical significance.

SNP SNP
INFUSION INFUSION
STARTED STOPPED

SNP SNP
INFUSION INFUSION
STARTED STOPPED

12

IO

CARDIAC 8
OUTPUT
L/min.

-8 -6 -4 -2 O 2 4 6 8 IO 12 14 16

TIMElMinsI

Fig. 2. Mean values of cardiac output at 2-min intervals
in five cases before, during and after sodium nitroprusside.
Vertical bars represent ±1 standard error. On die right
are shown the mean before, during and after nitroprusside

in individual cases.
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Fig. 3. Mean values of central venous pressure at 2-min
intervals in five cases before, during and after sodium nitro-
prusside. Vertical bars represent +1 standard error. On the
right are shown the mean before, during and after nitro-

prusside in individual cases.
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Fig. 4. Mean values of heart rate at 2-min intervals in
five cases before, during and after sodium nitroprusside.
Vertical bars represent ± 1 standard error. On the right are
shown the mean before, during and after nitroprusside in

individual cases.
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Fig. 5. Mean values of peripheral resistance at 2-min
intervals in five cases before, during and after sodium
nitroprusside. Vertical bars represent +1 standard error.
On the right are shown the mean before, during and after

nitroprusside in individual cases.

Central venous pressure. Unfortunately no record
of c.v.p. was kept in one patient because of a tech¬
nical fault, and figures are for the other four only.
C.v.p. fell markedly during infusion, and then
returned towards initial values (fig. 3). However, as
with cardiac output, this second change did not reach
statistical significance.
Heart rate. There was a consistent rise in heart

rate during infusion of around 22%, which promptly
reversed on discontinuation (fig. 4).
Peripheral resistance. During administration of

nitroprusside there was a profound fall in this
parameter in every case. The average fall was 49%.
On discontinuation values quickly returned to control
levels (fig. 5).
Stroke volume. Changes in stroke volume were

small and inconsistent (fig. 6). During infusion it fell
in two cases and rose in three. After nitroprusside
was stopped three rose and two fell.

Fig. 6. Mean values of stroke volume at 2-min intervals
in five cases before, during, and after sodium nitroprusside.
Vertical bars represent ±1 standard error. On the right
are shown the mean before, during and after nitroprusside

in individual cases.

DISCUSSION

The most striking circulatory change that occurred
during the hypotension produced by sodium nitro¬
prusside infusion was an increase in cardiac output.
As stroke volume remained much the same this was

attributable to the tachycardia produced and there
was an associated fall in central venous pressure,
which is a feature of many forms of hypotension
including trimetaphan infusion (Scott et al., 1972)
and epidural block (Stephen, Lees and Scott, 1969).
Franciosa and associates (1972) also reported an

increase in cardiac output in patients being infused
with sodium nitroprusside, this increase being associa¬
ted with a marked reduction in left ventricular
filling pressure. Though their series is not strictly
comparable with ours since they were studying
patients with myocardial infarction and were pro¬
ducing only a minor degree of hypotension, the
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clinical picture during controlled hypotension with
nitroprusside of a well perfused patient with an easily
palpable pulse fits well with the findings of a near-
normal or increased cardiac output.
It is quite possible for an agent which causes vaso¬

dilatation without any direct action on the heart to
increase cardiac output. The enormous reduction of
the peripheral resistance which occurs will speed
flow through the arteriolar beds and, unless gravity
is used to prevent venous return, this will also be
increased. The heart, being unaffected, will easily
deal with this increase. It is often assumed that the
relaxation of the venous tone leads to "pooling" of
blood but this can only occur if gravity is used to
prevent blood returning to the heart.
The possibility that hypotension could embarrass

the coronary circulation seems to be outweighed by
the reduction in the work load of the heart caused
by the decreased peripheral resistance. The improved
clinical state of patients with acute myocardial infarc¬
tion reported by Franciosa and associates (1972)
suggests that the coronary circulation is not in
jeopardy.
Sodium nitroprusside differs from trimetaphan in

two important respects. First, its action ceases much
more quickly on discontinuation of infusion, all
parameters in our cases returning to the control
levels within 6 min, even after marked hypotension.
Secondly, trimetaphan causes, if anything, a slight
(though possibly unimportant) reduction in cardiac
output (Scott et al., 1972). This may well be due to
the fact that, being a ganglionic blocking drug, its
effects on the heart cannot be completely ignored.
The interruption of sympathetic innervation to the
heart may have a similar negatively inotropic effect
during halothane anaesthesia to the administration of
beta-blocking drugs (Stephen, Davie and Scott,
1971).
Sodium nitroprusside then is a potent, short-

acting, specific vasodilator whose effects on the
circulation are probably superior to those of trimeta¬
phan. It is now, in our opinion, the drug of choice
in those situations requiring controlled hypotension
for which trimetaphan has been indicated in the past.
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EFFETS HEMODYNAMIQUES DU
NITROPRUSSIDE SODIQUE DURANT

L'ANESTHESIE AU PROTOXYDE D'AZOTE/
HALOTHANE

SOMMAIRE

Des etudes hemodynamiques ont ete faites chez cinq pat¬
ients relevant du nitroprusside sodique en infusion intra-
veineuse pour hypotension controlee durant l'anesthesie au
protoxyde d'azote/halothane. On remarqua des chutes
prononcees de la pression arterielle, resistance peripherique
et pression veineuse centrale. La frequence cardiaque et le
debit cardiaque augmenterent tandis que le volume pul-
satoire ne se modifia que peu. Tous les parametres retom-
berent rapidement aux valuers de controle, lorsqu'on
arreta l'administration du nitroprusside sodique.

HAEMODYNAMISCHE WIRKUNGEN VON
NITROPRUSSIDNATRIUM WAHREND DER
ANAESTHESIE MIT LACHGAS/HALOTHAN

ZUSAMMENFASSUNG

An fiinf Patienten, welche Nitroprussidnatrium in intra-
venoser Infusion zur kontrollierten Blutdrucksenkung
wahrend einer Anaesthesie mit Lachgas und Halothan
erhielten. wurden haemodynamische Untersuchungen
durchgefiihrt. Es ergab sich dabei ein deutlicher Abfall
der arteriellen Drucke. des peripheren Widerstandes und
des zentralen Venendruckes. Herzfrequenz und Minuten-
volumen stiegen an, wahrend sich das Schlagvolumen nur
wenig veranderte. Alle Parameter kehrten rasch auf die
Ausgangswerte zuriick sobald die Anwendung von Nitro¬
prussidnatrium unterbrochen wurde.

EFECTOS HEMODINAMICOS DEL
NITROCIANURO SODICO DURANTE LA

ANESTESIA CON OXIDO NITROSO/HALOTANO
RESUMEN

Fueron efectuados estudios hemodinamicos en cinco pac-
ientes que estaban recibiendo nitrocianuro por infusion
intravenosa para una hipontesion controlada durante la
anestesia con oxido nitroso/halotano. Hubo maracadas
reducciones en la presion arterial, resistencia periferica y
presion venosa central. La frecuencia cardfaca y gasto
cardfaco aumentaron en tanto que el volumen sistdlico fue
poco modificado. Todos los parametros retornaron rapida-
mente a los valores de control al discontinuar la administra¬
tion de nitrocianuro sddico.
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BLOOD-GAS CHANGES DURING INDUCED HYPOTENSION WITH
SODIUM NITROPRUSSIDE

J. A. W. Wildsmith, G. B. Drummond and W. R. MacRae

summary

A blood-gas study of the respiratory effects of sodium nitroprusside during anaesthesia
has shown a marked reduction in Pa0a when the drug was administered. After nitro¬
prusside Pa0 returned to the previous values. It is suggested that the reduction in Pa0j
is a result of an increased scatter of ventilation/perfusion relationships in the lung. The
reduction in Pa0j was evident during both spontaneous and artificial ventilation. Nitro¬
prusside was associated with a small decrease in actual bicarbonate.

Induced hypotension during anaesthesia is a technique
which has produced many controversies since its
introduction by Griffiths and Gillies (1948). These
include the decision on whether the patients should
be allowed to breathe spontaneously. Eckenhoff and
colleagues (1963) found a large increase in physio¬
logical deadspace with a concomitant increase in
Paco in patients under ganglion blockade, and
recommended that respiration be controlled with
high tidal volumes and high inspired oxygen con¬
centration. Others believe that the pattern of spon¬
taneous breathing is a useful monitor of cerebral
perfusion, and has no adverse effect on venous
return (Holmes, 1956).
The cardiovascular effects of sodium nitroprusside

have been investigated extensively (Page et al., 1955;
Franciosa et al., 1972; Styles, Coleman and Leary,
1973; Wildsmith et ah, 1973), but, in common with
most other hypotensive techniques, little has been
published about its effects on lung function. Arterial
blood sampling, by us, during nitroprusside infusion
had revealed oxygen tensions which were less than
expected. This is a study of blood-gas tensions during
sodium nitroprusside infusion with an assessment of
the influence of artificial ventilation.
There has been recent concern about the acid-base

states of patients receiving nitroprusside (McDowall
et ah, 1974; MacRae and Owen, 1974), and this
aspect has been studied also.

methods

Patients and anaesthesia

Twenty-six patients undergoing major otolaryngo-
logical surgery, for which hypotensive anaesthesia is

J. A. W. Wildsmith, f.f.a.r.c.s.; G. B. Drummond,
f.f.a.r.c.s.; W. R. MacRae, f.f.a.r.c.s.; Department of
Anaesthetics, University of Edinburgh, at the Royal
Infirmary of Edinburgh, Edinburgh EH3 9YW.

routine in our hospital, were studied. The nature of
the study was explained to the patient at the visit
before operation, and consent was obtained. Pre¬
medication was with oral diazepam 10 mg. Anaes¬
thesia was induced with thiopentone 250-400 mg.
Endotracheal intubation was performed with the aid
of suxamethonium 75-100 mg in the first 14 patients
(group I), and tubocurarine (30-45 mg) in the next 12
(group II). Anaesthesia was maintained with 50%
nitrous oxide in oxygen supplemented with halo-
thane 1-2%.
After recovery from suxamethonium, group I

patients breathed spontaneously from a non-return
circuit which allowed inspired gas sampling and
collection of mixed expired gas. In group II artificial
ventilation was performed at 15 b.p.m. with a Cape-
Waine anaesthetic ventilator (Cape Engineering Ltd),
using a pressure-operated valve to allow collection of
expired gas (Sykes, 1969). The ventilator was
adjusted so that the expired volume, measured with
a Wright's respirometer (British Oxygen Company
Ltd), was that predicted by the Radford (1955)
nomogram. All patients were maintained in a 5°
head-up position.

Protocol

An arterial blood sample was taken before opera¬
tion. After anaesthesia had been induced, a per¬
cutaneous 21G scalp vein needle (Abbot Laboratories
Ltd) was inserted into a radial artery for direct
arterial pressure measurement, and further arterial
sampling.
When the heart rate and arterial pressure had

become stable inspired gas, mixed expired gas and
arterial blood were sampled and analysed as in a
previous study (Wildsmith and Masson, 1974). An
infusion of sodium nitroprusside into a peripheral
vein was commenced. The dose regimen was that
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described by MacRae (1971) and the infusion was
adjusted to give a systolic arterial pressure of
50-60 mm Hg. After 15 min at this pressure another
set of samples was taken. Hypotension was main¬
tained until surgery was complete, when the infusion
was discontinued. When the arterial pressure had
returned to the pre-infusion value, a third set of
samples was taken. The duration of the operations
was between 1 and 3 hr. No patient received more
than 150 mg of sodium nitroprusside.

Calculations

Ideal alveolar Po2 (Pa0j) was calculated as follows:
PAo2 = ^o,— PaCo2 [(Phis— PuO/PEeoJ

where Pi0a and Pe0i are the inspired and mixed
expired Po2 values, and the ratio of physiological
deadspace to tidal volume (Vd/Vt) was derived from:

Vd/Vt = (PaCOj— PECOj)/PaCOj
No correction was made for apparatus deadspace.
Actual bicarbonate was determined from pH

and PaCOj using the Siggaard-Andersen alignment
nomogram.
Statistical comparisons were made using Student's

t tests for paired or unpaired data as appropriate,
and linear regression analysis.

results

Details of the patients studied are shown in table I.
Patient 12 was omitted because of technical problems
with the collection of gas samples. The preoperative
sample in patient 3 would seem to have been from a
vein. There was a statistically significant difference
(P< 0.025) between the groups in respect of mean
Pac0> (42 mm Hg in group I and 38 mm Hg in
group II). The mean age in group II was 41 yr
and that in group I was 35 yr, but this difference
was not statistically significant.
Tables II and III and figure 1 show the measured

and derived data of the two groups before, during
and after the administration of nitroprusside. Pl0
and Pa02 values were similar in the two groups and
either constant or little changed throughout. In
both groups there was a marked decrease in Pa02
when nitroprusside was administered (group I
190-154mm Hg; group II 180-133 mmHg; P< 0.005
in both groups). When the infusion of nitroprusside
was stopped, and the arterial pressure returned to
its previous value, Pa02 returned to the previous values.
During anaesthesia, PaC02 was greater in group I

than in group II, but the administration of nitro¬

prusside had little effect on either this measurement
or on Vd/Vt in either group, although the small
increase in mean Vd/Vt in group II was statistically
significant (P<0.05).
The mean values for bicarbonate, with standard

deviations and levels of significance, are shown in
table IV. There was a tendency for bicarbonate to
decrease slightly in all patients. The mean value
before operation was 24 m-equiv/litre decreasing to
22.5 m-equiv/litre by the end of the procedure.

A00i

PARTIAL
PRESSURE
(mm Hg)

f t
4

Fig. 1. Diagram to illustrate the changes in mean values of
Pl0s, PAo2, Pa02 and Pac02 before, during and after sodium
nitroprusside infusion. (SV = spontaneous ventilation.)

discussion

If alveolar ventilation and inspired Po2 remain
constant, there are three possible explanations for
the reduction in Pa02 during the administration of
nitroprusside. First, cardiac output may have
decreased, causing a reduction in mixed venous
oxygen content and so increasing the effect of intra-
pulmonary shunting. However, it has been shown
previously that cardiac output increases when nitro¬
prusside is administered during anaesthesia (Styles,
Coleman and Leary, 1973; Wildsmith et al., 1973).
These studies were performed on supine patients,
whereas our patients had a 5° head-up tilt, but
changes in Pa02, similar to those reported here, have
also been observed in supine patients by Griffiths
and colleagues (1974). Second, there may have been
an increase in whole body oxygen consumption, but
this seems unlikely. There is the possibility of an
increase in the scatter of ventilation/perfusion ratios
throughout the lung or an increase in the proportion
of blood not being exposed to ventilation, or both.
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74

110

71

81

78

73

66

86

70

78

98

82

Paco, (mmHg)
38

42

(44)

40

44

42

51

36

46

40

46

36

38

42

5

<0.025

3

38

33

36

39

43

42

38

35

41

36

37

36

40

P —significanceofdifference.
TableII.Lungandblood-gasdata(mmHg)ingroupI(spontaneousventilation)patientsbefore,duringandafterthe administrationofsodiumnitroprusside(SNP);theVd/Vtratioisgiveninthelastcolumn BeforeSNP

SNP

AfterSNP

Ploa

>

o

Pa0a

Paco,

Vd/Vt

Plo,

PAos

Pa0a

Pa<joa

Vd/Vt

Pio2

>

o

Pao2

Paco2

Vd/Vt

1

360

283

164

50

0.48

345

311

91

52

0.56

345

314

166

54

0.52

2

370

282

240

58

0.64

352

324

220

56

0.57

373

344

215

67

0.66

3

430

342

186

44

0.43

392

386

157

42

0.48

375

333

173

52

0.58

4

360

292

220

54

0.65

360

312

200

50

0.58

350

299

215

54

0.61

5

372

304

248

54

0.57

350

308

230

54

0.59

350

294

225

60

0.63

6

340

314

178

63

0.62

350

324

146

54

0.61

360

339

179

50

0.52

7

378

348

108

68

0.74

380

303

64

63

0.71

387

335

109

69

0.77

8

365

334

230

45

0.51

345

314

155

42

0.52

390

324

190

46

0.54

9

389

367

272

58

0.5

396

365

276

49

0.49

382

345

253

49

0.41

10

332

308

256

52

0.58

330

310

244

47

0.51

348

302

248

50

0.54

11

330

315

111

58

0.66

335

317

75

59

0.73

340

245

144

62

0.79

13

390

340

114

53

0.7

382

344

79

57

0.68

390

359

110

50

0.58

14

360

317

141

50

0.54

360

320

70

50

0.50

360

322

290

50

0.48

Mean367319190540.59359326154520.58365320194550.59
SD27265970.0921257460.0818305570.11

K>
O

-J
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Table III. Lung and blood-gas data (mm Hg) in group II (IPPV) patients before, during and after the administration of
sodium nitroprusside (SNP); the Vd/Vt ratio is given in the last column

Before SNP SNP After SNP

Pio, PA0a Pao, Paco, Vd/Vt Plo2 >o Paoa Paco, Vd/Vt Pio, >o Pao, Paco, Vd/Vt

15 355 321 173 37 0.59 355 322 85 35 0.59 358 332 178 32 0.50

16 350 300 280 40 0.60 350 302 280 41 0.59 340 300 280 40 0.63

17 340 305 121 44 0.68 342 298 92 42 0.62 342 320 195 41 0.56

18 340 303 171 42 0.60 340 303 94 43 0.61 340 311 197 41 0.49

19 370 322 148 32 0.38 370 334 72 34 0.44 370 321 130 36 0.39

20 330 314 142 35 0.37 330 314 75 35 0.37 360 343 92 33 0.42

21 320 298 112 37 0.54 330 307 82 38 0.56 310 287 104 34 0.56

22 355 332 142 34 0.35 360 332 102 38 0.47 340 320 180 37 0.49

23 350 341 230 36 0.42 350 339 155 40 0.55 340 330 212 42 0.48

24 355 291 130 41 0.61 350 301 85 39 0.65 340 320 174 39 0.59

25 366 314 265 32 0.34 362 325 243 35 0.37 344 273 250 35 0.46

26 350 332 240 41 0.44 350 324 230 39 0.62 355 315 240 43 0.63

Mean 348 314 180 38 0.49 349 318 133 38 0.54 349 314 186 38 0.52

SD 14 16 59 4 0.12 12 14 75 3 0.10 15 20 60 4 0.08

Table IV. Bicarbonate concentrations (mean + SD)
for all the patients who received nitroprusside; P values

given in brackets

Before Before After

operation SNP SNP SNP

24 + 2 23.5 + 2 23 + 2 22.5 + 2

(< 0.025) (< 0.0005) (<0.01)

A major factor affecting the distribution of
ventilation/perfusion ratios is the age of the patient
(West, 1974). Figure 2 shows the values of Pa0j of
all patients studied, both before and during nitro¬
prusside infusion, plotted against age. There is a
good correlation for the relationship under both
conditions: the older patients had the greatest reduc¬
tion in Po2 when nitroprusside was given. Figure 3
shows the change in Pa0s plotted against age.
West (1969) predicted the effects of worsening the

distribution of ventilation and perfusion within the
lung, using a mathematical model in which the
ventilation/perfusion ratios were distributed in a
log-normal fashion. He pointed out that, with such
a model, maldistribution could lead to large alveolar-
arterial Po2 differences at high inspired Po2 values.
Recent experimental work has substantiated the
assumptions, used in these theoretical predictions, for
the conscious human subject and anaesthetized dogs
(Wagner et al., 1974; Wagner, Saltzhan and West,
1974; West, 1974).

If those patients whose Pa0j was low before opera¬
tion are considered to have increased V/Q scatter,
then, according to these predictions, the Pa0j response

Fig. 2. Relationship between age and Pa0s duringanaesthesia,
before and during infusion of nitroprusside. Pa0s before
nitroprusside = 301 — 3.1 x age (yr) (r = 0.73); Pa0i during
nitroprusside = 301 — 4.3 x age (yr) (r = 0.82).
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20 30
AGE(yr)

AO 50 60
♦10
0

R3o2
(mm Hg)

-50

-100J
Fig. 3. Relationship between age and change in Pa02
following the administration of sodium nitroprusside.

Change in Pa02 = 18 —1.6 x age (yr) (r = 0.79).

to an increase in inspired oxygen concentration to
50% could be less than in those patients with higher
Pa0z values before operation. This is what has been
found (fig. 4, pre-SNP), and is similar to the findings
in a study of oxygen therapy in chronic bronchitis
(Mithoefer, Keighley and Keretzky, 1971). If nitro¬
prusside caused a farther increase in V/Q scatter,
Pa02 would decrease. At this inspired oxygen con¬
centration the reduction would be more evident in
those in whom Pa0j was already reduced. This seems
to have happened (SNP data, fig. 4). If the reductions

"0,
(mm Hg)

(PRE SNP)

in Pa0> were caused by an increase in blood passing
through unventilated areas, it is difficult to explain
the more marked effect in these patients. We do not
know how such a change in V/Q scatter might occur,
but sodium nitroprusside is a highly vasoactive com¬
pound and there may be an effect on the pulmonary
circulation.
The method of ventilation had no effect on the

changes in arterial oxygenation. However, those
patients who breathed spontaneously had PaCOj
values in the range 42-59 mm Hg during SNP
infusion, compared with 35-42 mm Hg in the
patients who were ventilated artificially.
The Vd/Vt ratios are unusual in one respect.

Artificial ventilation is considered to increase physio¬
logical deadspace (Lee and Atkinson, 1973), but, in
this study, the patients who breathed spontaneously
had the greater ratios (tables II and III), which were
in excess of those predicted on the basis of age
(Cooper, 1967). The reason for this is the relationship
between Vd/Vt and PaCo2- It has been shown that
an increase in PaCOj is associated with an increase in
Vd/Vt (Trimble et al., 1971), possibly by dilatation
of the bronchial tree (Widdicombe, 1966). Figure 5
shows the Vd/Vt ratios before nitroprusside was

0 8

0 6

Vd/Vt
RATIO

30 70

60 70 80 90 100 110
PREOPERATIVE Pa0j (mm Hg)

Fig. 4. Relationship between preoperative Pa0a and Pa0l
during anaesthesia, before and during the infusion of
sodium nitroprusside. Pa0, before nitroprusside = 4 x
preop. Pa0„—138 (r = 0.78); Pa02 during nitroprusside =

5.4 x preop. Pa02 — 288 (r = 0.81).

Fig. 5. Relationship between Vd/Vt ratio and PaCOl during
anaesthesia (before nitroprusside). Vd/Vt (spont.) = 0.04 +
0.009 x PaCOs (mm Hg) (r = 0.63); Vd/Vt (IPPV) = 0.026 x

PaC02 (mm Hg)—0.473 (r = 0.84).
administered plotted against PaCOi. It is clear that
at a particular value of PaCOj, Vd/Vt ratio is higher
in patients being ventilated artificially. Since mean
PaCOa was higher in group I, it is not surprising that
mean Vd/Vt ratio was also higher. The relationship
between Vd/Vt ratio and age described by Cooper
(1967) was based on artificially ventilated patients,
and should only be applied to that situation.
The reductions in bicarbonate were small, and it is

not certain that nitroprusside was responsible. They
H
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commenced before nitroprusside was administered
(table IV) and the effect of anaesthesia, with or with¬
out other hypotensive agents, has not been assessed.
However, the finding of even a small decrease is
disturbing, and is to be the subject of further study.
Sodium nitroprusside has many features that make

it attractive as a hypotensive agent (MacRae, 1971),
but this study suggests that it should be used in the
presence of a high inspired Po2, especially in older
patients. None of our patients had a reduction in
Pa0 to dangerous values, but Campkin and colleagues
(1974) have reported a patient of 58 yr whose Pa0j
decreased to 48 mm Hg during nitroprusside hypo¬
tension while breathing 50% oxygen.
A mild metabolic acidosis may develop. This may

be an argument in favour of spontaneous ventilation,
since, if the metabolic acidosis becomes severe,

respiratory compensation may prevent a disastrous
reduction in pH as well as aiding the diagnosis
(MacRae and Owen, 1974).
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VARIATIONS DES GAZ CONTENUS DANS
LE SANG PENDANT L'HYPOTENSION

PROVOQUEE PAR LE NITROPRUSSIATE DE
SODIUM

RESUME

Une etude des effets respiratoires du nitroprussiate de
sodium sur les gaz contenus dans le sang pendant une
anesthesie a montre une reduction marquee du Pa0a
(tension de l'oxygene arteriel) lorsque la drogue a ete
administree. Apres le nitroprussiate le Pa0! est retourne a
sa valeur anterieure. On suggere que la reduction dans le
Pa0 est le resultat d'une augmentation dans la dispersion
des relations ventilation/perfusion dans les poumons. La
reduction dans le Pa0a a ete evidente aussi bien dans la
respiration spontanee que dans la ventilation artificielle.
Le nitroprussiate a ete associe a une legere diminution dans
le teneur en bicarbonate.
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BLUT-GAS-VERANDERUNGEN WAHREND
EINER MIT NITROPRUSSIDNATRIUM
HERVORGERUFENEN HYPOTENSION

ZUSAMMENFASSUNG

Eine Blut-Gas-Studie der respiratorischen Wirkungen von
Nitroprussidnatrium wahrend der Narkose zeigt bei
Verabreichung der Droge eine deutliche Verringerung der
arteriellen Sauerstoffspannung (Pa0a). Nach dem Nitro-
prussid kehrte Pa0j zu den friiheren Werten zuriick. Es
wird angedeutet, dass die Verringerung von Pa0! die
Folge einer erhohten Streuung der Beliiftungs/Durch-
dringungs-Verhaltnisse in der Lunge ist. Die Verringerung
von Pa0j war sowohl bei spontaner als auch bei kiinstlicher
Beliiftung vorhanden. Nitroprussid war verbunden mit
einem gerigfugigen Absinken von Bikarbonat.

CAMBIOS EN EL CONTENIDO DE GAS
SANGUINEO DURANTE LA HIPOTENSION
INDUCIDA POR NITROPRUSIDO DE SODIO

SUMARIO

Un estudio sobre el contenido de gas en la sangre respecto
a los efectos respiratorios del nitroprusido de sodio durante
la anestesia ha demostrado una notable reduccion de Pa0z
cuando se administro la droga. Despues del nitroprusido,
la tension del oxigeno en las arterias (Pa0J volvio a su
valor anterior. Se sugiere que la reduccion de Pa0j es el
resultado de un aumento de dispersion en la relacion
ventilacion/perfusion en el pulmon. Se hizo evidente la
reduccion de Pa02 durante la ventilacion espontanea y
artificial. Se relaciona el nitroprusido con un pequeno
descenso en el bicarbonato efectivo.
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METABOLIC EFFECTS OF INDUCED HYPOTENSION WITH
TRIMETAPHAN AND SODIUM NITROPRUSSIDE

J. A. W. Wildsmith, G. B. Drummond and W. R. MacRae

summary

In two groups ofpatients undergoing induced hypotension with sodium nitroprusside or trimetaphan
blood concentrations of lactate, pyruvate and standard bicarbonate did not differ significantly
between the groups. In the nine patients who received trimetaphan there was a progressive, but
statistically non-significant, decrease in mean lactate. Nitroprusside (15 patients) was associated
with a small increase in mean lactate, but at low dosage there was a small decrease. No relation¬
ship to dose rate of nitroprusside was found with these short-term infusions. It is concluded that
sodium nitroprusside can be used safely for induced hypotension at doses less than 1.5 mg kg-1 and
that simple blood-gas analysis is adequate for the assessment of toxic effects when greater doses
are given.

Since its introduction for inducing hypotension
during anaesthesia (Jones and Cole, 1968) sodium
nitroprusside has become widely used because its
brief duration of action allows accurate control of

hypotension and rapid restoration of arterial pressure
at the end of the procedure, although there has always
been concern about toxicity because metabolism of
sodium nitroprusside results in formation of cyanide.
Vesey, Cole and Simpson (1976), having reviewed
case reports of presumed cyanide poisoning after
nitroprusside and having measured cyanide concen¬
trations in plasma and red blood cells during and after
its infusion in man, made recommendations regarding
the safe maximum dose. However, cyanide measure¬
ments have been questioned as suitable indicators of
exposure to cyanide after nitroprusside (Smith and
Kruszyna, 1976).
Cyanide blocks oxidative phosphorylation by the

cytochromes. Some energy is produced anaerobically
by glycolysis with production of lactate when pyru¬
vate cannot enter the Kreb's cycle. We have studied
blood lactate and pyruvate concentrations as indica¬
tors of this effect of cyanide release in patients re¬
ceiving nitroprusside to induce hypotension during
anaesthesia. Patients who received trimetaphan were
studied as controls.

methods

Twenty patients undergoing middle ear surgery for
which hypotensive anaesthesia was indicated were

J. A. W. Wildsmith, f.f.a.r.c.s.; G. B. Drummond, m.a.,
f.f.a.r.c.s. , W. R. MacRae, f.f.a.r.c.s. ; Department of
Anaesthetics, The Royal Infirmary, Edinburgh EH3 9YW.

studied. The nature of the study was explained to the
patient and consent obtained. Premedication was with
oral diazepam 10 mg. Anaesthesia was induced with
thiopentone 250-400 mg and endotracheal intubation
performed with the aid of pancuronium 6-8 mg.
Anaesthesia was maintained with 50% nitrous oxide
in oxygen with halothane 1-2%. The lungs were
ventilated artificially at 15 b.p.m. using a Cape-Waine
anaesthetic ventilator (Cape Engineering Ltd) with
tidal volume set so that expired volume, measured
with a Wright respirometer (British Oxygen Com¬
pany Ltd), equalled that indicated by the Radford
(1955) nomogram.
After induction of anaesthesia a 19-gauge Venflon

cannula (Everett Medical Products Ltd) was inserted
percutaneously into a radial artery to allow measure¬
ment of arterial pressure and sampling of arterial
blood. After 15 min of stable anaesthesia samples of
arterial blood were collected for estimation of lactate,
pyruvate and haemoglobin concentrations and for
blood-gas analysis. An infusion of 0.9% saline con¬
taining either sodium nitroprusside (prepared by the
hospital pharmacy) or trimetaphan (Arfonad, Roche)
was started. Allocation to either drug was on a ran¬
dom basis and infusion rates were adjusted to produce
a systolic arterial pressure of 60 mm Hg. The infusion
was continued until the end of surgery, when a second
set of samples was taken. Pancuronium was anta¬
gonized with neostigmine, the tracheal tube removed,
and the patient breathed 35% oxygen from a
Ventimask (Vickers Medical Ltd) until a third set of
samples was taken 1 h after the second. The arterial
cannula was then removed.

0007-0912/79/090875-05 $01.00 © Macmillan Journals Ltd 1979
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Blood samples for lactate and pyruvate and blood-
gas estimation were drawn into two heparinized iced
glass syringes. One was sealed and placed in an ice-
water mixture for transport to the laboratory where
analyses for H+, Pa0a and FaCOo were performed using
an IL 213 microelectrode system. Standard bicar¬
bonate was derived from H+ and Pacr,„ using the
Siggaard-Andersen alignment nomogram. The lac¬
tate-pyruvate sample was immediately decanted into
an iced glass tube. An aliquot was aspirated to an iced
glass pipette, placed in an equal volume of iced
perchloric acid, the mixture centrifuged, and the
supernatant liquid assayed for lactate and pyruvate
using an enzymatic method (The Boehringer Cor¬
poration (London) Ltd).
Following the comparative study another six

patients who received nitroprusside were studied to
provide more data for analysis of the dose-effect
relationship on lactate-pyruvate changes.
Differences between the two randomized groups

were compared using a t test for two means, and
changes within groups compared with a paired t test.

RESULTS

Table I shows the details of the two groups of
patients in the comparative study. Those who re¬
ceived trimetaphan were younger, heavier and under¬
went procedures of shorter duration than those who
received nitroprusside, but none of the differences
was statistically significant. The results from one
patient in each group were incomplete and have been
omitted.
Table II summarizes the blood-gas data. The pa¬

tients in both groups were well oxygenated and there
were minimal changes in mean PaC02.
Table III summarizes the lactate, pyruvate and

standard bicarbonate concentrations and the lactate/
pyruvate ratios of the 18 patients in the comparative

Table I. Age, sex, weight and duration of surgery in two
groups of nine patients who received nitroprusside or trimeta¬

phan. (Mean ± SD)

Nitroprusside Trimetaphan

Age (yr) 36 ±18 29 ±10
Sex 5M 4F 6M 3F

Weight (kg) 62 ±7 65 + 15
Duration of surgery (min) 62 ±24 48 ±29

study. Changes in the measurements were generally
small and inconsistent. There was a small progressive
decrease in mean lactate concentration in those who
received trimetaphan whereas there was a small
increase in the nitroprusside group between the second
and third samples. In none of these measurements
were within-group changes or between-group diff¬
erences statistically significant.
Table III also summarizes the data for the addi¬

tional six patients studied with nitroprusside infusion.
Changes in lactate concentration in all 15 patients
receiving nitroprusside were analysed in respect of
both total dose and dose rate and no obvious relation¬

ships were apparent; neither were changes in lactate
concentration related to duration of hypotension.
Lactate concentration decreased in the majority of

patients (fig. 1) and the slight increase in mean
lactate concentration in the original nitroprusside
group was caused almost entirely by one patient
whose arterial pressure was resistant to the effect of
nitroprusside from the outset. The results for this
patient are shown in table IV, with some subsequent
blood-gas values and vitamin B12 concentrations: the
lactate concentration increased and there was a

decrease in standard bicarbonate; the lactate/pyruvate
ratio decreased and the excess lactate value

(Huckabee, 1958) was negative. At the end of the
procedure the patient's condition was clinically un-

Table II. Summary of blood-gas data (kPa) (mean + SD) in the two
groups of patients. Samples taken at the start (I) and finish (II) of

hypotension3 and 1 h after the procedure (III)

Nitroprusside Trimetaphan

Sample Pa0z PaCo2 Ta0j Pacc>2

I (IPPV: Pl0l! 0.5) 27 ±5 5.0 ±0.6 30 + 6 5.1 ±0.7
II (IPPV: Pi0„ 0.5) 25 ±6 5.2 ±0.7 23 ±9 5.3 ±1.2
III (SV: Piq2 0.35) 19±3 5.6±0.6 17±5 5.3±0.4
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Table III. Lactate, pyruvate, lactatejpyruvate ratio and bicarbonate data (means + SD) of patients studied.
Groups (n = 9) in comparative study and (n = 6) the additional group who received nitroprusside. I =
samples at start of procedure, II = samples at end of procedure and III = samples 1 h after the procedure.

Detailed figures are available from the authors

Group measurement
Nitroprusside

(n = 9)
Trimetaphan

(n = 9)
Nitroprusside

(n = 6)

Lactate (mmol litre-1)
I 0.85 (0.30) 0.87 (0.22) 1.05 (0.44)
II 0.85 (0.31) 0.83 (0.28) 0.95 (0.32)
III 0.89 (0.61) 0.73 (0.29) 0.80 (0.32)

Pyruvate (mmol litre-1)
I 0.050 (0.019) 0.043 (0.018) 0.064 (0.024)
II 0.053 (0.012) 0.048 (0.014) 0.058 (0.013)
III 0.051 (0.033) 0.042 (0.014) 0.050 (0.014)

Lactate/pyruvate ratio
I 17.5 (5.9) 26.4 (17.5) 16.8 (5.7)
II 16.3 (4.8) 18.0 (7.3) 16.2 (4.5)
III 18.1 (10.6) 19.3 (9.9) 16.9 (8.1)

Bicarbonate (mmol litre-1)
I 23.2 (2.0) 22.3 (1.4) 21.2 (2.3)
II 22.9 (2.3) 22.4 (1.8) 20.8 (2.6)
III 22.2 (1.5) 21.6 (1.3) 20.8 (1.7)

Dose rate ((ig kg-1 min-1) 12.1 (9.9) — 12.6 (15)

Total dose (mg kg-1) 0.68 (0.5) 0.38 (0.3)

remarkable and within 3 h standard bicarbonate had
increased spontaneously.

.+1.0

1+0.5

CO

<

-0.5

0.5 SNP (mgkg'1) ^

Fig. 1. Relationship between dose of nitroprusside (SNP)
and change in lactate concentration between the start of

hypotension and 1 h after the operation.

DISCUSSION

Certain physiological and other safeguards are
necessary to allow blood lactate concentrations to be
used to assess intracellular acidosis. Although it is an
indirect method it is the best available (Cohen and
Simpson, 1975). Oxygen delivery to the tissues must
be adequate: the patients in the present study were all
well oxygenated and cardiac output is known to be

normal or slightly increased during induced hypo¬
tension with nitroprusside (Wildsmith et al., 1973).
Changes in Pco2, particularly hypocapnia, affect
lactate concentration (Cohen and Woods, 1976) and
for that reason we maintained normocapnia. Infusion
of glucose can increase blood lactate (Cohen and
Woods, 1976); we gave the drugs in saline. Blood was
withdrawn from an arterial cannula to avoid stasis.
All glassware was iced and the specimen for lactate
decanted into perchloric acid as soon as possible so
that the effect of red cell glycolysis after withdrawal
was minimal.
Lactate and pyruvate data are often expressed as

the ratio of the two, but we do not believe this to be
valuable. In the one patient with clear changes, this
ratio decreased when it would have been expected to
increase. This was because there was a greater pro¬
portional increase in pyruvate than in lactate. Excess
lactate has also been used to indicate changes in
lactate concentration independent of alterations in
pyruvate (Huckabee, 1958). Mathematically, however,
this figure is not independent of pyruvate (Cohen and
Woods, 1976) and in one patient the change was the
reverse of that which would be expected.
The results show that hypotensive anaesthesia with

trimetaphan is not associated with any evidence of
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Table IV. Results from patient 2: 28-yr old, 54-kg female; non-smoker who received sodium
nitroprusside 86 mg in 42 min. 1 = start of hypotension: 2 = end of operation: 3 = 1 h after

procedure: 4 = 3 h after procedure: 5 = 1 day after procedure

Sample no.

Lactate (mmol litre-1) 1.12 1.48 2.39 — —

Pyruvate (mmol litre-1) 0.04 0.08 0.13 — —

Lactate/pyruvate ratio 28.0 18.5 18.4 — —

Excess lactate (mmol litre-1) — -0.76 -0.75 — —

Hydrogen ion (nmol litre-1) 34.0 42.0 39.0 41.0 38.0

TaCo2 (kPa) 5.8 6.5 5.6 4.8 5.3
Bicarbonate (mmol litre-1) 25.5 22.0 21.5 22.5 26.0

Pa0, (kPa) 19.5 26.0 17.9 11.2 13.2

Flo, 0.5 0.5 0.35 0.21 0.21

B12 (ng litre-1) — — 699.0 — 979.0

cellular hypoxia. Mean lactate concentration de¬
creased slightly with this agent, presumably because
peripheral perfusion was improved by vasodilatation.
Increased oxygen tension during anaesthesia or simple
physical inactivity could also have been responsible,
but normotensive halothane anaesthesia produces a
slight increase in lactate concentration (Chamberlain
and Lis, 1968; Yamazaki et al., 1975). Sodium nitro¬
prusside in low doses also decreased lactate concen¬
trations and it has been used (Taradosh and Jacobsen,
1973) to treat idiopathic lactic acidosis associated with
poor peripheral perfusion.
With larger doses, the lactate concentration may

increase, presumably as the toxic effect begins to
counter the effect on perfusion. The patient who
showed resistance to the hypotensive effect of sodium
nitroprusside required 1.6 mg kg"1 and had the
greatest increase in lactate concentration (fig. 1).
Although the increase was small and recovery un¬
eventful, this case shows the need to limit total dosage
in acute administration, and these results would
support the suggested maximum dose of 1.5 mg kg"1
based on cyanide studies (Vesey, Cole and Simpson,
1976). Suggestions have also been made regarding the
maximum safe dose rate (Editorial, 1978)—a dose of
10 [j.g kg"1 min"1 being quoted. While this may apply
to administration over a period of days, our results
indicate little relationship to dose rate during hypo¬
tensive anaesthesia.
The increase in blood lactate concentration in the

resistant patient could have been caused by a reduc¬
tion in hepatic clearance because of a reduction in
liver blood flow, rather than by increased production
of lactate. Little is known about liver blood flow

during administration of nitroprusside, but clearance
of indocyanine green has been used as an indicator of

this and is not influenced by infusion ofnitroprusside
during halothane anaesthesia (Abdel Salam et al.,
1976).
This study investigated the effects of clinical use of

sodium nitroprusside on metabolism. Instead of
measuring cyanide concentrations, and attempting to
deduce toxicity indirectly, we looked for alteration
in the metabolic state. When it is used within its
known toxic concentrations, there is no significant
metabolic upset. This means that for practical pur¬
poses the drug can be administered in normal doses
without fear of producing metabolic acidosis, except
in patients with known contraindications (Cole,
1978).
Unfortunately, this does not mean that the problem

of metabolic acidosis as a potential complication can
be ignored. There is no means ofpredicting how much
drug will be needed for any particular patient. Most
require only small amounts, but occasionally doses
approaching 1.5 mg kg-1 are needed. It has been
argued that safe use of nitroprusside requires ready
access to lactate estimation (Editorial, 1978), but our
results confirm animal studies which suggested that
changes in lactate are mirrored by changes in bi¬
carbonate concentration (Simpson et al., 1977).
Blood-gas analysis is easier, quicker and cheaper to
perform and far more readily available. We would
consider that this estimation is adequate for assessing
toxicity following acute administration during anaes¬
thesia, and make it when the total dose is likely to
exceed 1.5 mg kg"1.
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EFFETS METABOLIQUES DE L'HYPOTENSION
INDUITE PAR LE TRIMETAPHAN ET LE

NITROPRUSSIATE DE SODIUM

RESUME

Sur deux groupes de malades subissant une hypotension
induite par le nitroprussiate de sodium ou par le trimeta-
phan, les concentrations de lactate dans le sang de meme
que les concentrations de pyruvate et de bicarbonate
standard n'ont pas grandement differe dans les deux groupes.
Sur neuf malades auxquels on avait administre du trimeta-
phan, on a constate une diminution progressive, mais sans
grande signification statistique, de la valeur moyenne du

lactate. Le nitroprussiate (administre a 15 malades) a ete
associe a une legere augmentation de la valeur moyenne
du lactate, mais a faibles doses, on en a constate une legere
diminution. On n'a trouve aucune relation dose-taux de
nitroprussiate avec ces infusions a court terme. On en a
conclu que le nitroprussiate de sodium peut etre utilise en
toute securite pour induire l'hypotension a des doses inferi-
eures a 1,5 mg kg-1 et qu'une simple analyse sang-gaz
est adequate pour evaluer les effets toxiques lorsqu'on
administre des doses plus importantes.

STOFFWECHSELWIRKUNGEN KUNSTLICH
HERBEIGEFUHRTER HYPOTONIE MIT

TRIMETAPHAN UND NITROPRUSSIDNATRIUM

ZUSAMMENFASSUNG

In zwei, sich kiinstlich herbeigefiihrter Hypotonie mit
Nitroprussidnatrium oder Trimetaphan unterziehenden
Gruppen von Patienten unterschieden sich die Blutkon-
zentrationen von Laktat, Pyruvat und Standardbicarbonat
nicht wesentlich zwischen den beiden Gruppen. In den
neun Patienten, die Trimetaphan erhielten, fand ein
progressiver, aber statistisch unbedeutender Abfall im
mittleren Laktatgehalt statt. Nitroprussid (15 Patienten)
war mit einem geringen Anstieg im mittleren Laktatgehalt
verbunden, aber bei niedriger Dosierung fand ein geringer
Abfall statt. Bei diesen kurzfristigen Infusionen wurde
keine Beziehung zur Dosierung von Nitroprussid fest-
gestellt. Es wird der Schluss gezogen, dass Nitroprussid¬
natrium bei Dosen unter 1,5 mg/kg ohne Gefahr fur
kiinstlich herbeigefuhrte Hypotonie benutze werden kann,
und dass eine einfache Blutgasanalyse fur die Beurteilung
schadlicher Wirkungen bei Verwendung grosserer Dosen
ausreicht.

EFECTOS METABOLICOS DE LA HIPOTENSION
INDUCIDA MEDIANTE TRIMETAFAN Y

NITROPRUSIATO DE SODIO

SUMARIO

En dos grupos de pacientes sometidos a hipotension indu-
cida mediante nitroprusiato de sodio o trimetafan, no
difirieron de manera significativa entre los grupos las con-
centraciones de lactato en la sangre y las concentraciones
de piruvato y de bicarbonato normal. En los nueve paci¬
entes a quienes fue administrado trimetafan, hubo una
reduccion progresiva de lactato medio, aunque no-signi-
ficativa desde el punto de vista estadistico. Se hallo (15
pacientes) nitroprusiato asociado con un ligero aumento
de lactato medio, pero en dosajes bajos, se registro una
pequena reduccion. No se encontro ninguna relation con
el porcentaje de las dosis de nitroprusiato en estas infusiones
de corta duration. Se concluye que puede usarse en toda
seguridad el nitroprusiato de sodio para hipotension indu-
cida en dosis menores de 1,5 mg kg-1 y que es adecuado
un simple analisis sangre-gas para evaluar los efectos
toxicos cuando se administren dosis mayores.


