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Deep hypothermic circulatory arrest may prove advantageous during surgery of some 
technically difficult brain lesions. This technique was first applied in one patient with a large 
intracavernous aneurysm which had failed standard neurosurgical techniques. For this technique 
to be successful the cooperation of neurosurgeons, cardiovascular surgeons, anesthesiologists, 
perfusionists and nurses is essential. Techniques aimed at improving the outcome include a short 
period of circulatory arrest, the depth of hypothermia, barbiturate administration, coagulation 
management and well-controlled blood glucose levels. The total time of circulatory arrest and 
the thiopentone dosage were 61 minutes and 1,700 mg respectively. The lowest core temperature 
was 13.9°C. The positive outcome supports the use of this technique in selected patients with 
complex intracranial vascular lesions who may not be operable by standard techniques. 
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Some complex neurovascular lesions can 
not easily be operated on by standard neurosurgical 
techniques even with the advancement of micro­
neurosurgery. A useful adjunct available to the 
neurosurgeon in these patients is deep hypother-

mic circulatory arrest. In 1959, Woodhall et alO) 
reported the successful use of this technique in one 
patient with a huge subcortical tumor cyst. In the 
1960's, a number of neurosurgical centers pio­
neered the technique of profound hypothermia and 
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circulatory arrest for intracranial aneurysm sur­
gery(2-6). The advantages of employing deep hypo­
thermic circulatory arrest in the treatment of com­
plex neurovascular lesions are a bloodless surgical 
field which improves visualization of the vascular 
anatomy and pathology. The danger of aneurysm 
rupture during dissection is effectively eliminated. 
The aneurysm may be manipulated allowing for 
safer dissection of the neck of the aneurysm and 
identification of associated vascular and neural 
structures. For a number of reasons this technique 
fell into disuse. Multiple coagulation problems 
associated with bypass discouraged some neurosur­
geons. Recently along with improved cardiac sur­
gery techniques and sophisticated technology for 
cardiopulmonary bypass, many of the complications 
including postoperative coagulopathy and pro­
longed anesthesia time have been minimized. These 
advances encouraged neurosurgeons in a few cen­
ters in the 1980's to reexplore the utility of deep 
hypothermic circulatory arrest for the clipping of 
giant and complex intracranial aneurysms(7,8). We 
used this technique successfully in one patient at 
King Chulalongkorn Memorial Hospital who failed 
standard neurosurgical methods. This is the first 
case reported in Thailand. 

CASE REPORT 
A 47-year old male patient presented with 

a one-year history of headache, diplopia, ptosis and 
left eye squint. He had no other medical problems 
except for hypertension which was well controlled 
with propanolol. At admission he was alert. Neuro­
logical examination showed left cranial III, IV and 
VI palsies and decreased pin prick sensation on the 
left face. Magnetic resonance imaging and angio­
graphy showed a large trigeminal artery aneurysm 
(20 mm) in the cavernous sinus arising from the 
carotid and basilar arteries.The patient underwent 
the first unsuccessful operation for clipping of the 
aneurysm on March 31, 1998, due to the incapacity 
to identify the aneurysmal neck. A second opera­
tion was planned using the deep hypothermic cir­
culatory arrest technique nine days after the first 
operation. 

Anesthetic management 
Preoperative evaluation was directed 

towards detection of any diseases potentially com­
plicating the cardiopulmonary bypass technique 
including cardiovascular, pulmonary and hemato-

logic diseases. The aortic valve function should be 
carefully evaluated because central cannulation and 
left ventricular venting through a median sterno­
tomy are required if the aortic valve is insufficient. 

Premedication in this patient was diaze­
pam 5 mg orally on the morning of surgery. After 
placement of monitoring equipment including ECG, 
pulse oximeter and noninvasive blood pressure 
monitor, anesthesia was induced with thiopentone 
5 mg/kg and fentanyl 3 meg/kg, intubation was 
facilitated with pancuronium 0.1 mg/kg. Direct 
arterial pressure monitoring was placed at the left 
radial artery before intubation. Labetolol was used 
if required to aggressively treat any intraoperative 
hypertension. Anesthesia was maintained with air 
and oxygen, isoflurane up to 1.5 per cent, fentanyl 
infusion 1 meg/kg/hour and pancuronium. Ventila­
tion was adjusted to provide a PaC02 of 30-35 mm. 
Hg. After the patient was intubated, a second arte­
rial line was placed at the left dorsalis pedis artery. 
Central venous cannulation at the right internal 
jugular vein, nasopharyngeal and rectal tempera­
ture probe and a foley catheter were then placed. 
The head was locked in rigid pin fixation after sup­
plementary fentanyl 1 meg/kg. EEG electrodes were 
then placed in a F3-C3, P3-0l, F4-C4 and P4-02 
montage. EEG monitoring was performed using a 
4-channel spontaneous EEG (Nicolet-Viking II, 
Nicolet, Madison, Wisconsin). Median nerve soma­
tosensory evoked potentials (SSEPs) were moni­
tored simultaneously with the EEG. The median 
nerve SSEPs were recorded from cervical and con­
tralateral somatosensory cortical sites following 
stimulation of the median nerves at the wrist. The 
stimulus was a monophasic rectangular pulse of 0.2 
ms duration at an intensity of 20 rnA at rates of 4.7 
Hz. Base line evoked potential and EEG recordings 
were made after skin incision and stable anesthesia 
as shown in Fig. 1 and 2 respectively. Surface 
cooling was initiated by placing the patient on a 
cooling blanket and infusing cold saline intrave­
nously. Hemodilution to a hematocrit level of 28 
per cent to 30 per cent was performed by collecting 
blood from the arterial line. This blood was rein­
troduced after the bypass was discontinued in order 
to replace essential clotting factors. Arterial blood 
gas and blood glucose were monitored intermit­
tently. Blood glucose was controlled to remain 
below 200 mg/dl. Mannitol 1 g/kg was given 
during the opening. Dilantin 500 mg was loaded to 
prevent intraoperative and postoperative seizures. 
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Fig. 1. Median nerve SSEPs during clipping of left trigeminal artery aneurysm using the deep hypo­
thermic circulatory arrest technique. Upper tracing is the base line normal potential recording 
(N20 P24 wave) after induction. The potential was lost during cooling down and circulatory arrest 
(middle tracing). The potential gradually returned during rewarming but still delayed at the end 
of the operation (lower tracing). 
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Fig. 2. Electroencephalography (EEG) of this patient during operation. Upper tracing is the base line 
EEG after induction. The EEG became isoelectric after barbiturate COMA and during DHCA 
(middle tracing) and returned but still slightly slowed at the end of the operation (lower tracing). 
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The aneurysm was dissected as much as possible 
with meticulous hemostasis. The right femoral­
femoral cardiopulmonary bypass was begun at a 
core temperature of 33°C after full heparinization 
to maintain an activated coagulation time of 450-
480 seconds. Perfusion was carried out using a 
pump flow range from 2.6-3.9 L/min to maintain 
the mean arterial blood pressure at 40-80 mm.Hg 
and acceptable blood gas level. Cooling during 
extracorporeal circulation was facilitated by nicar­
dipine 0.2 mg incrementally and continued until the 
desired 15°C core temperature was reached. Thio­
pentone was loaded and infused to induce EEG 
burst suppression or isoelectric EEG (Fig. 2) for 
cerebral protection and discontinued when circula­
tion was stopped. Methylprednisolone 1 g was 
administered. While cooling the patient, SSEPs 
were delayed and ceased altogether at 23.1 oc (Fig. 
1). Ventricular fibrillation occurred when the core 
temperature was 30°C. Circulation was stopped 
when the core temperature reached 15.3°C which 
required 27 minutes. The aneurysm was finally 
dissected and clipped with four clips. The patient's 
lowest core temperature was 13.9°C. Flow was res­
tored after a circulatory arrest time of 61 minutes 
and the patient was subsequently rewarmed. Thio­
pentone was started to maintain EEG burst sup­
pression until the end of the operation using a total 
dose of 1,700 mg. SSEPs gradually returned at 
22°C but were still slightly delayed at the end of 
the operation (Fig. 1). The heart started fibrillating 
at an esophageal temperature of 28°C and was 
defibrillated easily. When the patient's core tem­
perature reached 36°C the cardiopulmonary bypass 
was weaned and stopped using a low dose of dopa­
mine as an inotropic support. The total cardiopul­
monary bypass time was 2 hours 27 minutes. The 
effect of heparin was reversed with protamine sul­
fate and the patient's blood and fresh frozen 
plasma were given. The total operating time was 10 
hours 5 minutes. 

The patient woke up 7 hours later and 
could be extubated 38 hours postoperatively. There 
were no difficulties with intraoperative or post­
operative bleeding. Neurological examination was 
normal except for the presence of left third, fourth 
and sixth cranial nerve palsies. The postoperative 
angiogram showed residual aneurysm. The patient 
underwent a third operation successfully under mild 
hypothermia and barbiturate protection with con­
ventional clipping of the aneurysm and went home 
nine days after his third operation. 

DISCUSSION 
Deep hypothermic circulatory arrest is the 

ultimate aid in clipping a complicated intracranial 
aneurysm. Many neurosurgical centers have re­
ported improved outcome when utilizing this tech­
nique in treating giant intracranial aneurysms(3,5, 
7,8). Techniques aimed at reducing morbidity were 
short duration of circulatory arrest, depth of hypo­
thermia, barbiturate protection, coagulation manage­
ment and well controlled blood glucose levels. 

The duration of complete arrest can be 
safely increased by reduction in body tempera­
ture(9, 1 0). Clinical and experimental experience in 
cardiac surgery have demonstrated that circulatory 
arrest under deep hypothermia (18°C) for 30-45 
minutes produces virtually no discernible neurolo­
gical damage. There is a slight increase in neuro­
logical consequences as the 60-minute limit is 
approached. The range duration of complete arrest 
in most series was 7-53 minutes(8, 11). The circu­
latory arrest time in this patient was 61 minutes 
due to the problematic vascular structure. 

Hypothermia is a method applied to 
decrease the oxygen consumption of the brain. 
Oxygen consumption declines to 50 per cent of 
normal at 30°C, 25 per cent of normal at 25°C, 15 
per cent of normal at 20°C and 10 per cent of nor­
mal at a temperature as low as 15°C. The cardio­
pulmonary bypass time can be reduced if the 
patient's core temperature decreases as much as 
possible during the initial dissection. We adminis­
tered surface cooling and infusion of cold intrave­
nous fluid. Also the cooling and rewarming time 
can be reduced by means of a vasodilator. In the 
case presented we used nicardipine, a short acting 
calcium channel blocker. In this patient, the core 
temperature was lowered to 15°C before circulatory 
arrest because the neurosurgeon expected a long 
arrest time might be required to dissect and clip the 
aneurysm due to the complicated vascular struc­
ture. 

Barbiturate administration has been used 
in conjunction with hypothermia during circulatory 
arrest. Brain oxygen consumption can be reduced 
by as much as 50 per cent when barbiturate was 
given to the isoelectric EEG. Barbiturates clearly 
have the capacity to modify or prevent focal cere­
bral ischemia( 12-14) and are most effective 
when the agent is administered before a period of 
temporary ischemia. The role of barbiturates is less 
well established in the setting of temporary global 
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ischemia(15). However Slogott(16) and Nusmeier 
(17) demonstrated an improved outcome in patients 
during procedures employing circulatory arrest. 
The thiopentone dose in this patient to maintain 
EEG burst suppression was 32 mg/kg. Propofol 
and etomidate which are new anesthetic agents 
have less pronounced brain protective effects than 
barbiturates( 18, 19). 

In the case of intracranial operation abso­
lute hemostasis must be employed. Cardiopulmo­
nary bypass and circulatory arrest affect coagulation 
in several ways. Use of heparin, hypothermia, hemo­
dilution and a heart-lung machine all affect normal 
hemostasis. Meticulous heparin administration and 
reversal must be achieved by measuring the acti­
vated clotting time. Combined use of the patient's 
autologous whole blood and of supplementary 
banked blood products can be helpful in hemo­
stasis. 

Thorough control of blood glucose level is 
another important factor because hyperglycemia 
can worsen neurological damage. Usually hypergly­
cemia tends to occur due to the stress of surgery and 
hypothermia itself also causes reduction of glucose 
utilization. Serial blood glucose measurements intra­
operatively and insulin infusion for controlling 
blood glucose levels are therefore necessary. 
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Intraoperative electrophysiologic monitor­
ing during cerebral aneurysm surgery include EEG 
and SSEPs. EEG recording is a sensitive index of 
generalized cortical activity and a precise measure 
of the cerebroprotective barbiturate dose. The 
SSEPs are a more specific response of the intact 
sensory pathway. Together, they can be monitored 
to achieve optimum doses of barbiturates and mini­
mal retraction of neural structures before hypo­
thermic arrest. During rewarming the recovery of 
both the SSEPs and EEG activity can be interpreted 
as a reassuring measure of central nervous system 
recovery. In this patient, SSEPs were lost at 23°C 
core temperature and returned at 22°C but were 
still slightly prolonged until the end of the opera­
tion. However his neurological examination was 
normal except for left third, fourth and sixth cranial 
nerve palsies. 

SUMMARY 
Deep hypothermic circulatory arrest can 

be applied safely to facilitate surgical repair of 
complex intracranial aneurysms that would be 
inoperable by standard techniques. Anesthetic 
management to improve the outcome for the patient 
included facilitated cooling, use of barbiturate 
coma, coagulation management and good control 
of blood glucose levels. 

(Received for publication on March 3, 1999) 
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