
OPERATION UNDER HYPOTHERMIA IN A PREGNANT WOMAN 
W I T H  AN INTRACRANIAL ARTERIOVENOUS MALFORMATION 

AK1TOMO MATSUKI, M.D. ~ AND TSUTOMU OYAMA, M.D,~ 

SURCICAL TREATMENT DURING PREGNANCY was formerly viewed as drastic, but it has 
been undertaken safely without prohibitive foetal and maternal mortality. In con- 
trast to the many reported intracranial operations under hypothermia, only nine- 
teen such operations have been reported in pregnant women. We wish to present 
one further case to demonstrate the safety and effectiveness of hypothermia during 
intracranial surgical interventions in the pregnant woman. This then is the twentieth 
such case under hypothermia, and only the fifth where the lesion was a cerebral 
arteriovenous malformation. 

CASE RE~O[~T 

The patient, aged 26, was a para 1, four-month pregnant woman who, with the 
exception of a previous episode of unconsciousness, had enjoyed excellent health 
until noon on November 23rd, 1969, when she had a sudden attack of severe head- 
ache, followed by loss of consciousness. This was accompanied by frequent vom4t- 
ing and slight elevation of body temperature to 37.5 ~ c axillary. She was brought 
immediately to the outpatient clinic of the Division of Internal Medicine, Aomori 
Prefectural Hospital. The next day she regained consciousness but complained of 
severe pain in the right frontal and occipital regions. The spinal fluid obtained by 
lumbar puncture was bloody. Following 24 hours bed rest, the headache subsided 
gradually and she could take food orally. Thereafter she was transferred to the 
Division of Neurnsurgery. 

The previous episode of unconsciousness had occurred in 1957 and had lasted 
for three days. It had been treated as cerebral bleeding in the Division of Paedi- 
atrics, Aomori Prefectural Hospital. In 1967 she went through an uncomplicated 
pregnancy and delivery. The family history was not contributory. 

On admission to the Neurosurgical Division, the blood pressure was 130/70 mm 
Hg, pulse rate 87 beats per minute, temperature 37.0~ and respirations 13 per 
minute. The breasts were slightly enlarged. The size of the uterus, confirmed by 
pelvic examination, was compatible with an intrauterine gestation of four months' 
duration. The pupils were both fully reactive to light. Bilateral carotid angiograms, 
obtained on November 28, 1969, showed a large arteriovenous anomaly in the 
fight frontotemporal lobe. The Ecc was within normal limits. The haemoglobin 
was 7.9 gins. per 100 ml, nBc 382 • 104 per cubic ram, haematocrit 41 per cent, 
bleeding time 6 min, clotting time 7.5 rain and prothmmbin time 14.1 sec. Blood 
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chemistry did not reveal any disturbances in liver and kidney functions. Serum 
electrolytes were: sodium ]X3.4 mEq per liter, potassium 4.2 mF_,q per liter, chlo- 
ride 99.5 mEq per liter. Urinalysis also was •orraal. 

On December 9, 1969, that is sixteen days after the original episode, a craniotomy 
under hypothermia was performed, "Lutes depot" containing 10 mg of oestradioI 
benzoate and 125 mg of hydroxyprogesterone eaproate was administered intra- 
muscularly the preceding night. Premedieation was with 50 mg of hydroxydione 
and 0,5 mg of atropine sulfate intramuscularly 1 hour before induction of anaes- 
thesia, which was accomplished witJl 175 mg of thiopentone followed by endotra- 
eheaI intubation under relaxation produced by 40 mg of intravenous sueeinyleho- 
line, Anaesthesia was maintained with ether-oxygen in a closed circuit with carbon 
dior/de absorption. Hypothermla was achieved by means of surEaee cooling through 
immersion in a tub of ice water, using 12 nag of d-tuboeurafine chloride intraven- 
ously to combat shivering. Rectal temperature was monitored every five minutes, 
After 76 minutes cooling, the temperature reached 26.5~ and remained there s 
some three hours, The course of anaesthesia is illustrated in Figure I., Total anaes- 
thetic time from intubation to extnhation was eight hours. Respiration was assisted 
manually throughout the procedure. Blood pressure measured by cuff ranged from 
140--100 mm Hg systolic over 80-50 ram Hg diastolic during cooling. A total of 2.5 
ml per kg body weight of ether was used. 

A fight frontal craniotomy revealed a large arteriovenous mal~ormat/on in the 
fronto-temporal lobe. Total removal was impossible and a silver clip was applied 
to the feeding vessel, which arose from the right anterior cerebral artery, The total 
blood loss of 600 mI was replaced by transfusion of 600 ml of bank blood together 
with 500 ml of gelatine and 500 ml of taetated Ringer's solution, No abnormality 
was detected on ~oG tracing during anaesthesia, Frequent blood gas analyses were 
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TABLE i 
ARTERIAL BLOOD GAS ANALYSES 

10 rain, 
before cool[ ng 

ll:OOam 12:OOpm l:30pm 3 : 2 0 p m  5:00pro 7:00pro 

Rect. temp. (~ 37.0 36.5 27.8 20.6 27.9 32.8 
8r mm Hg 126/60 13fi/78 116/70 100/60 118/70 188/78 
Po2 mmHg 90 240 450 400 320 240 
Pc% mmHg 46~2 40.1 44.6 49,0 39,6 39.0 
pH 7.:]9 7,38 7.32 7.24 7.34 7,32 
BE - -1 ,8  - -1 .3  - -3 ,2  - -7 .8  - -4 ,2  - -5 .2  

made from femoral arterial blood and they revealed a slight metabolic acidosis as 
shown in Table I. Intermittent intravenous administrations of sodium bicarbonate 
were intended to improve this acidosis. 

Hydroeortisone in doses of 200 mgm each was administered intravenously on 
the first and second post-operative day and an ampoule of Lutes depot was given 
again intramuscularl> on the first post-operative day. The post-operative course 
was uneventful and she was discharged on the 46th post-operative day. 

She was admitted again to the obstetric division of the hospital in labour in the 
early morning of April 26, 1970. A healthy girl weighing 3500 g was delivered by 
emergency Caesarean section performed under lumbar epidural anaesthesia using 
260 mg of 2.0 per cent lidoeaine, Mother and child have done well to date. 

DLSCUSSlON 
Incidence and Mortality 

Although there are several studies 7-~ to show that both the incidence and mor- 
tality of ruptured cerebral anenrysm or arteriovenous ma]formation are no higher 
in pregnant patients than in the population at large, subarachnoid haemorrhage 
due to either of these causes carries a high mortality. 

Locksoley ~n reported that 24 per cent of his patients suffering from a ruptured 
arteriovenons malformation died within the first 24 hours, 27 per cent within the 
first 48 hours~ and 42 per cent within the first week. According to Poppen eg al., u 
about forty-two per cent of ruptured intracranial aneurysrns terminated fatally. 
Pedowitz et aL s reported twenty deaths out of thirty-two cases of proven cerebral 
aneurysm during pregnancy, and Poop 2 reviewing the literature, reported eight 
deaths among eleven gravid patients who suffered from ruptured cerebral aneurysm 
but who were not treated surgically. 

Review o~ the Literature 

Wilson et aL TM reported the case of a 3I-year-old woman, 32 weeks pregnant, 
who suffered from an intracranial haemorrhage due to a ruptured aneulTsm. The 
operation was carried out under ether-nitrous oxide-oxygen anaesthesia employing 
hypothermia to 30~ oesophageaL The operation was uneventful and she was 
delivered of a healthy female itJant 31 hours after the craniotomy. 

In 1962 Jensen ~4 presented the case of a 23-year-old woman with intraeranial 
aneurysm who was treated successfully by operation under hypothermia of 29- 
30~ and was delivered of a healthy child at term. Boatman and associates TM re- 
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moved an internal carotid artery aneurysm in the neck during pregnancy under 
hypothernlia. 

Pevehouse and Boldrey TM succeeded in the surgical treatment of an arteriovenous 
malformation under hypothermia in a 17-year-old pregnant woman. This was the 
first case of an arteriovenous anomaly treated surgically under hypothermia, 

Two years later, in 1962, Boba 17 reported two further operations for intracrania] 
arteriovenous anomaly under hypothermia. The first was 9.0 years old, eight weeks 
pregnant and the maior feeding vessels were occluded during uneventful moderate 
hypothermla. She was discharged during the fourteenth week of gestation. She 
passed a large amount of blood and clot per vagina immediately after discharge. 
The second was a 28-year-old woman in the 5th month of pregnancy and comatose 
for 3 days. After diagnostic angiography which revealed an arteriovenous anomaly 
of the right temporal lobe, an emergency excision was done under hypothermia, 
the lowest oesophageal temperature reached being 26.6~ Both the procedure 
itself and recovery were uneventful. She was discharged on the eleventh post- 
operative day and about four weeks later she delivered a macerated, premature 
stillborn. In both cases anaesthesia was maintained with ether and respiration was 
neither assisted nor controlled. Boba attributed the failure to carry their preg- 
nancies to term to the early stage of gestation in the first case and to marked aci- 
dosis with undetected hypoxia in the second, 

In commenting on Boba's paper, Virtue TM reported his experiences with hypo- 
thermia in several pregnant patients in various stages of gestation who had cardiac 
or intracranial operations with satisfactory results. 

Burstein e t  al. I~ presented a successful repair for a ruptured berry aneurysm dur- 
ing gestation under hypothermia. The foetal electrocardiogram was monitored 
during the procedure and this revealed no foetal cardiac abnormality. 

Pool x~ reported 37 patients suffering from subarachnoid haemorrhage caused by 
verified intracranial aneurysms ruptured during pregnancy both from his own 
experiences and from the literature including reports by Wilson a~ and Jensen, 14 
Eleven of these 37 patients were treated by bed rest only, with restricted ambula- 
tory activity during gestation. There were eight maternal and five foetal deaths. 
Six patients were treated by cervical carotid occlusion with only one foetal death. 
Twenty patients were treated by intracranial operation during gestation. Hypo- 
thermia was utilized during twelve eraniotomies followed by only one maternal 
death. The remaining eight patients were treated surgically without the use of 
hypothermia and in this series there was one maternal and one foetal death. Pool 
stressed the effectiveness of surgical treatment for ruptured intracranial aneurysm 
during pregnancy and that recurrent haemorrhage might occur if surgical treat- 
ment was not undertaken. 

In 1965, Kamrin and his colleagues -~~ reported two successful intraeranial opera- 
tions under N_oO-oxygen-d-tubocurarine anaesthesia and hypothermia. They con~ 
cluded that pregnancy was not to be a eontraindication to the use of hypothermia. 

Two years later, Dunn e t  a I ?  2 reported a case of arteriovenous malformation 
treated surgically under moderate hypothermia, However, no details of anaesthesia 
are given in his report. 

Hehre 2~ reviewed twelve articles an:! concluded that carefully controlled hypo- 
thermia can be a life-saving procedure. Surgical intervention resulted in one ma- 
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ternal and two foetal deaths. The time of gestation at which the operation took 
place or when subaraehnoid haemorrhage occurred ranged from the eighth to the 
thirty-fourth week. Fourteen of the twenty cases were aneurysms, five were arterio- 
venous malformations, and one was a meningioma, 

Prernedieation 

Premedieation has been discussed in only three instances. Jensen used 50 mg of 
chlorpromazine intramuseularIy 1 hour prior to anaesthesia. Kamrin e~ gave his 
patients 200 mg of seeobarbital, 75 mg of meperidine and 0.6 mg of atropine intra- 
muscularly 7 hours before the operation. 

The authors administered 50 mg of hydroxydione and 0.5 rag of atropine to their 
patient I hour before induction of anaesthesia with satisfactory results. 

No descriptions of premedieation were found among the other reports. Generally, 
no premedication or light premedication is given to the gravid patient, and heavy 
premedication should be avoided because it tends to cause depression and pro- 
longed recovery frorr, anaesthesia. 22 

The authors administered "Lutes depot," containing i0 mg of oestradiol benzoate 
and 125 mg of hydroxyprogesterone eaproate on the night before operation for its 
pregnancy stabilizing effect. Sex hormone was not used before anaesthesia in any 
other cases. It  seems logical to administer these hommnes during the first two 
trimesters of pregnancy to assure continuation of pregnancy in surgical patients 
who are likely to abort spontaneously. 24 Boba's first case might have continued her 
pregnancy, if hormonal treatment had been given. 

Degree of Hypothermia 

The lowest rectal or oesophageal temperatures ranged from 26.5"c (Marsuki) 
to 32~ (Dunn).  The low body temperature does not seem to have been respon- 
sible directly for the foetal deaths in Boba's cases. 2~ Hypothermia has been used 
for non-surgical patients during pregnancy. Rowbotham et al. ~ utilized it suc- 
cessfully in a pregnant woman with a serious head injury. Her body temperature 
was maintained between 30% and 36~ for seven days without complications. 

Barter e~ al. 2r applied hypothermia successfully to the treatment of fuhninant 
toxaemia of pregnancy. 

The depth of hypodlermia depends on the duration and on the magnitude of 
the intracranial surgical intervention. In general, light or moderate hypothermia 
is to be selected for intracranial operation during pregnancy. Deep hypothermia 
is to be avoided since it may lead to hypotension, hypoxia 2s.~~ and metabolic 
acidosis which in turn may cause spontaneous abortion, a~ The use of hypothermia 
must be reserved for anaesthetists who have had considerable experience with it. 

Anaesthetic Agents 

The anaesthetic agents used are mentioned in seven of twenty cases. Four anaes- 
thetics were with ether or ether-Nitrous Oxide, two with Nitrous Oxide-Oxygen 
and one with halothane-Nitrous Oxide. The authors employed ether because hypo- 
thennia below 30~ is easily achieved with deep anaesthesia and has the lowest 
incidence of ventricular fibrillation as compared to other anaesthetics such as 
halothane, methoxyflurane and tbiopentone. "~ At present we use neuroleptanaes- 
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thesia (Droperidol and pentazoeine) or methoxyflurane for light hypotherrnia by 
means of surface cooling, and employ ether anaesthesia for moderate and deep 
hypotherlnia, 

Metabolic acidosis and the use of a-blockers 

A mild metabolic acidosis was observed in our case, which was attributable to 
deep ether anaesthesia and some interference with peripheral circulation. This 
was overcome by the intravenous administration ot sodium bicarbonate intermit- 
tently, but more should have been given to correct the acidosis. Jenseu a4 adminis- 
tered 50 mg of chlorpromazine intramuscularly prior to the induction of anaes- 
thesia, and Kamrin et al. used 12.5 mg of chlorpromazine during the initial cooling. 
The drug was given to reduce shivering and to improve peripheral circulation. We 
did not use it, since this was our first experience of hypothermia for a pregnant 
woman. As ehlorpromazine is likely to produce sinus tachycardia, the authors 
employed triitupromazine in doses of 0.25 - 0.5 nag per kg body weight before 
and during cooling. This drug produces no tachycardia and vasodilation and is 
not contraindicated in pregnant patients. 

Hypotension 
Several authors I~.14,1Ue employed induced hypotension in combination with 

hypothemaia. Extreme hypotemion produces tissue hypoxia even in the presence 
of hypothermia. In gravid women, hypotension and hypoxia may be conducive to 
abortion. 2s-~~ Pevehouse 1B experienced a foetal death in connection with an opera- 
15011 for meningioma in a 17-year-old woman in the 34th week of gestaUon. In this 
case hypotension without hypothermia was utilized and systolic blood pressure 
was maintained below 80 mn Hg. 

Use o] Osmotic Diuretics 
Osmotic diuretics such as marmitol and urea produce a slack brain which greatly 

facilitates intracranial operations. Several workers, s~,ss however, have shown that 
mannitol crosses the placenta and increases the osmolarity of the foetal plasma 
which in turn is followed by dehydration. Wakusawa et at. s4 reported a cardiac 
arrest during hypothermla associated with the intravenous infusion of osmotic 
diuretics. This implies to us that the administration of osmotic diuretics for gravid 
patients is contraindicated. 6 

Management of Delivery 
Our patient delivered a healthy female girl by emergency Caesarean Section 

without any complicaUons. The same management was employed in three other 
cases (Scoville, Pool) while riine others were by the vaginal route, and five by 
forceps. 

Several uneveutfial vaginal deliveries have been reported in women with proven 
aneurysms s",Ss and it is a general consensus that the stress of labour does not pre- 
cipitate the rupture of an aneurysm, s7 However, there is no effective means of 
knowing when rupture will occur, and if rupture occurs, it carries a high incidence 
of fatality as shown in the report by Pool. 1~ 

A full term vaginal delivery is allowed under general or regional anaesthesia if 
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the aneurysm has been successfully obliterated. But if it has been treated conserv- 
atively by muscle wrapping, plastic coating or carotid occlusion or, ff an arterio- 
venous malformation has been clipped, low forceps delivery or a Caesarean Section 
under regional block or general anaesthesia is preferred to avoid the strain of labour. 

Monitoring 
Monitoring of maternal ~ and zEc, direct measurement of radial or braehial 

arterial pressure and of central venous pressure and frequent gas analyses of 
arterial blood greatly facilitate the anaesthetic management. Barter et al., sr Hess 
and Davis ss also recommend monitoring of the foetal electrocardiogram. 

SU'M'MA.RY AND CONCLUSIONS 

The case of a 20-year-old pregnant patient who underwent a eraniotomy under 
hypothermia is presented. She was four months pregnant and suffered from a sub- 
arachnoid haemorrhage. Hypothermia is viewed as a safe procedure for this kind 
of situation, conducive of high foetal and maternal survival rates. It is stressed that 
severe acidosis and hypoxia during hypothermia may be the cause of a high inci- 
dence of spontaneous abortion. The technique must be reserved for anaesthetists 
who have considerable experience with hypothermia and its application. 

R ~ s u ~  

Nous pr6sentons le cas d'une ma]ade de 20 ans, eneeinte, qui a subi une eranio- 
tomie sous hypothermie. Alors qu'e]le ~tait eneeinte de quatre mois, elle a fait une 
h~morragie sous arachnoidiennc. Nous consid~rons rh~othermie comme une tech- 
nique offmnt de |a s6eurit~ pour de semblabIes malades; elle cst suivic d*un taux 
~lev~ de survivanee fcemle et rnatcrnelle. La cause d'un taux 61ev~ d'avortement 
spontan~ pourrait ~tre ]~eidose marqu6e et l'hypoxie au cours de rhypo~ermie. 
Cette technique devrait ~tre employ6e de pr6f6renee par des anesth6sistes poss6- 
dant une grande exp6rienee dans l'emploi de Haypothermie et connaissant ses 
cons6quences. 
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