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Abstract- Postoperative low cardiac output states are a major cause of postoperative mortality in 
infants and children following corrective cardiac surgery or congenital heart defects. Whole body 
hypothermia has been used since 2001 in the management of these low output states when they are 
refractory to conventional modes of therapy. From December 2001 to April 2006, 25 cases were 
included in this study. The median (range) age of patients was 36.6 months (1 mo-19 y) with a median 
weight of 12.2 kg (3.5-44 kg). Following cooling, there was a decrease in heart rate (P< 0.001), an 
increase in mean arterial pressure (P< 0.001) and a decrease in mean arterial pressure (P< 0.001). 
Significant increases in pH and urine output were also noticed, the increase in urine output being greater 
in the surviving group (P= 0.02). A decrease in platelet count was occurred (P<  0.001) but WBC count 
remained unchanged (P= 0.18). Fifteen of 25 patients survived to leave hospital. Induced hypothermia 
does not appear to be associated with any complications and after the failure of all conventional 
treatments, it seems likely that the technique may have been beneficial to outcome in some patients.  
© 2008 Tehran University of Medical Sciences. All rights reserved. 
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INTRODUCTION 

 
Induced hypothermia is a well-established technique 
used primarily during operation involving 
cardiopulmonary bypass in order to reduce tissue 
oxygen demand and provide a degree of cellular 
protection against ischaemia (1-7).  

In the postoperative period, low cardiac output 
states refractory to conventional treatment continue 
to cause significant morbidity and mortality. In an 
attempt to treat these patients, induced hypothermia 
has been used  in  the  postoperative  period  and  has 
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been described for the treatment of intractable heart 
failure in children following surgery for complex 
congenital heart disease (5), uncontrollable 
supraventricular tachycardias (8) and respiratory 
distress syndrome in a child (9).  

We performed this study to evaluate the effect of 
moderate hypothermia in the management of low 
output states after cardiac surgery. 

 
MATERIALS AND METHODS 
 

From December 2001 to April 2006, patients having 
a low cardiac output state unresponsive to 
conventional treatment were included in the study. 
The study was approved by Ethics Committee of 
Tehran University of Medical Sciences. Written 
informed consent was obtained from all parents. 

A low cardiac output state was diagnosed by 
persistent unresponsive hypotension, poor peripheral 
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perfusion, a widening core/peripheral temperature 
difference, oliguria in the presence of normal (or 
increased) right atrial pressure and a developing base 
deficit despite optimization of pharmacological 
support and biochemical and hematological 
parameters. Inotropic support such as adrenaline, 
dobutamine, dopamine and nitrates was instituted in 
all patients with low cardiac output states as thought 
necessary. All patients were intubated and their lungs 
were mechanically ventilated with optimization of their 
blood gases; the inspired fraction of oxygen being 
kept to a minimum level to ensure an adequate 
arterial partial pressure of oxygen.  

Positive end-expiratory pressure and inverse ratio 
ventilation were used if appropriate. All patients 
were sedated. Hemodynamic indices were optimized 
using vasodilators and fluid resuscitation as 
appropriate. Metabolic abnormalities such as 
acidosis, electrolyte imbalance and anemia were 
corrected as far as possible.  

Patients in a cardiac rhythm other than sinus were 
paced using sequential atrioventricular pacing 
through wires that were placed routinely at the time 
of surgery. Regular post operative echocardiography 
was performed to exclude any potentially correctable 
mechanical defect and to exclude the presence of 
cardiac tamponade. Biochemical, hematological and 
clotting studies were performed at least once every 
24 h, together with routine bacteriological screens 
for sepsis. Electrolytes, acid-base status and 
hematocrit were optimized as far as was possible. 
Oliguria (< 0.5 ml/kg/h), unresponsive to both 
adequate atrial pressure and diuretics, was managed 
by peritoneal dialysis.  

Hypothermia was induced using a 
thermostatically controlled water-filled cooling 
blanket placed under the child and usually took 
about one hour to achieve. Body temperature was 
measured with a rectal thermistor. Although we are 
aware of limitation of using this site as an indication 
of core temperature, we believe it to be suitable for 
the management of postoperative cooling and 
monitoring of a steady state. Peripheral temperature 
was measured using a skin thermistor placed on the 
big toe.  

Hemodynamic parameters were measured over a 
4-hour period before cooling and were compared 

with another 4-hour period 6 hours after the start of 
cooling. This 6 hours interval was chosen to allow 
adequate cooling of all tissues and the alignment of a 
physiological steady state. Parameters measured 
were heart rate, right atrial pressure, systemic arterial 
blood pressure, urine output and core/peripheral 
temperature difference. The blood gases and acid-
base status were also measured. Platelet count and 
white blood cell count were measured before cooling 
and 48 hours after cooling (or before rewarming if 
this occurred earlier) and were compared with the 
values recorded before cooling. Survival was defined 
as the child leaving hospital. 

  
RESULTS 

 
A total of 25 patients who had a refractory low 
cardiac output state unresponsive to conventional 
treatment were treated with moderate hypothermia 
and cooled to 32-33o C in the postoperative period. 
Fifteen of these survived to leave the hospital.  

Median (range) age at time of surgery was 36.6 
months (1 month to 19 years). Median weight was 
12.2 (3.5-44) kg. Underlaying disorders are shown in 
Table 1. The time after surgery that cooling was 
started ranged from 0 to 120 hours. The duration of 
cooling ranged from 1.5 to 72 hours. There was no 
significant difference in these values between 
surviving and non surviving groups. The 
physiological changes observed after cooling are 
presented in Table 2.  

 
Table 1. Underlying diseases of the patients who developed 
low output states  

Diagnosis  Procedure No 

Tetralogy of Fallot 

(VSD, PA) 

Total correction 8 

TGA, VSD, PS Rastelli procedure 4 

TGA Arterial switch 2 

VSD  Closure 4 

Aortic stenosis  Ross procedure+ Repair 2 

TAPVC  Total repair 1 

CAV-Canal  Total repair 1 

Other  - 3 
Abbreviations: VSD, ventricular septal defect; PA, pulmonary 
atresia; TGA, transposition of great vessels; PS, pulmonic stenosis; 
AS, aortic stenosis; TAPVC, total anomalous pulmonary venous 
connection; CAV canal, common atrioventricular canal.  
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Table 2. Changes in measured variables noted 6 h after the start of cooling* 

Variable  Before cooling After cooling P value 
Heart rate  (beats/min) 175 139 0.001 
Mean arterial blood pressure  (mm Hg)  46 65 0.001 
Mean right atrial pressure (mm Hg)  13 10 0.001 
Toe-core temperature difference  (o C) 6.3 6.1 0.72 
Arterial pH  7.37 7.45 0.001 
Plasma bicarbonate (mmol/L) 18 23 0.028 
Urine output  (ml/kg-/h) 1.0 2.8 0.004 
Platelet count; (×109/L) 220 70 0.001 
White blood cell count (×109/L) 11.200 10.8 0.19 

* Data are given as mean (SD). 

 
There was significant increase in mean arterial 

pressure, arterial pH, plasma bicarbonate and urine 
output (P< 0.05). Also, there were significant 
decreases in heart rate, mean right atrial pressure and 
platelet count (P< 0.05). There were no significant 
changes in toe-core temperature difference or white 
blood cell count. There was a significant difference 
between survivors and non survivors in only one 
variable: urine output. Surviving patients had a 
significantly higher mean urine output than non 
surviving patients.  

Peritoneal dialysis was required in 21 of the 25 
patients before cooling. No marked metabolic 
acidosis seen during subsequent gradual rewarming. 
Thrombocytopenia was treated with platelet 
transfusions although no fixed limit was used below 
which transfusion was instigated. There was no 
evidence of DIC (disseminated intravascular 
coagulation) in any child. The observed decrease in 
platelet count was not associated with increased 
bleeding.  

 
DISCUSSION 

 
Induced hypothermia is now a well-established 
technique used in several forms of surgery to provide 
tissue protection during periods of ischemia. The 
technique is used most commonly during cardiac 
surgery when the myocardium is subjected to 
periods of circulatory standstill. The protective 
effects of hypothermia were initially thought to be 
due to a decrease in metabolic rate associated with a 
slowing of temperature-dependent enzymatic 
reaction (1). Oxygen consumption decreases by ≈ 
8% for each degree centigrade decrease in temperature 

 
and at core temperature of 28° C  oxygen demand is 
halved (1, 10). The cytoprotection is seen at 
moderate hypothermia (33-35o C) (15).  

Deep hypothermia and cardiac standstill has been 
used to facilitate cardiac surgery for many years. In 
1959, Drew and Anderson described three such eases 
(7) and in 1967, a large team from the University of 
Kyoto in Japan described their experience (14). 
Barrat-Boyes also used deep hypothermia and 
circulatory arrest in the repair of cardiac defects in 
infancy (6) and in the Wessex Cardiac Unit profound 
hypothermia was used, along with its advantages and 
problems, over a 6 year period (15). 

The success of operative hypothermia led to the 
suggestion that hypothermia may be of benefit to 
patients with primary myocardial failure in the 
postoperative period. We have used the technique of 
induced hypothermia after failure of conventional 
treatment and when a relentless downhill course with 
a fatal outcome seemed inevitable. We are not in a 
position to say whether cooling affected the outcome 
in these cases because, in our view, a controlled 
study would present serious ethical problems. It is 
our belief that the use of moderate hypothermia has 
played a significant part in reducing the mortality in 
this group of critically ill patients.  

Despite the known detrimental effects of cooling 
the technique appears to be safe. The only adverse 
change we noted was a decrease in platelet count 
that was treated by platelet transfusions when the 
platelet count decreased to 50×103 and was not 
associated with increase mortality or morbidity from 
bleeding.  

In conclusion, moderate hypothermia is a helpful 
therapeutic modality for patients with low cardiac 
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output. It may give us time to recognize and correct 
inadequate repair. Cooling may be more effective 
when LV dysfunction is causing low cardiac output. 
Transient, post re-warming neurologic and 
behavioral disorder maybe be the result of 1) non 
homogenous cooling, 2) inadequate paralysis, and 3) 
sedative accumulation. Persistent adequate diuresis 
may indicate good response to cooling and patients’ 
weight is definitely a limiting factor for cooling. 
There are still a lot to be learned from effect of 
moderate hypothermia 
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