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ABSTRACT 

	Objective: To study the effect of different levels of therapeutic hypothermia during cardiopulmonary bypass(CPB) on postoperative characteristics such as blood loss, cerebrovascular events, weaning from mechanical ventilation and discharge from intensive care unit.
Methods: Data from 108 patients (aged between 19-78 years) who had cardiac surgery between November 2023 and July 2024 at Queen Alia Heart Institute (QAHI) was analyzed retrospectively. Core temperature was measured continuously by nasopharyngeal thermistor probe. Data was collected using a special form designed for the purpose of this study. Patients were divided into three groups according to the lowest temperature utilized during CPB:  Group one: Mild hypothermic CPB (Temperature ranged between 36° C – 33 ° C), Group two: Moderate hypothermic CPB (Temperature ranged between 33 ° C – 30 °C). Group three: Deep hypothermic CPB (temperature less than 30 ° C). Intraoperative characteristics (duration of surgery, duration of cardiopulmonary bypass, aortic clamp time, and haemodynamics) and postoperative characteristics (blood loss, extubation, cerebrovascular events, renal impairment and mortality) were compared between the three groups. A p-value of < 0.05 is considered statistically significant. 
Results: The average temperature during cardiopulmonary bypass was 33.4 ± 1.3 º C and ranged from 28 º C to 36 º C. Mean duration of cardiopulmonary bypass was 86.2 ± 26.5 minutes, with mean aortic clamp time of 48 ± 21.3 minutes. The mean amount of postoperative blood loss was 414 ± 320 millilitres. Mild hypothermia was utilized in 58 (54%) of patients, moderate hypothermia in 43 patients (40%) and deep hypothermia in 7 patients (6%). Average postoperative blood loss in patients who underwent mild and moderate therapeutic hypothermia was around 379 millilitres and 416 millilitres respectively; whereas patients who underwent severe hypothermic bypass had an average of 564 millilitres of postoperative blood loss. The correlation between temperature and amount of blood loss was not statistically significant (p-value=0.2). Average durations of cardiopulmonary bypass and aortic clamp times were longer in deep hypothermia (98 ± 49 minutes and 67± 40.1 minutes) than in mild hypothermia (81 minutes and 43 minutes respectively). Hypothermia had statistically significant correlation with time of mechanical ventilation (P-value=0.016) and length of intensive care unit stay (P-value=0.001). There were fewer incidences of cerebrovascular events, postoperative renal impairment and mortality with severe hypothermic bypass (group 3) as compared with the mild and moderate hypothermic bypass patients (group 1 and 2). Low cardiac output syndrome was more common when deep hypothermic bypass was utilized.
Conclusion:  Deep hypothermia during cardiopulmonary bypass was associated with increased amounts of postoperative blood loss in comparison with mild or moderate hypothermia, albeit this was not statistically significant. Lower incidence of cerebral vascular incidents was also noted with deep hypothermia.
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1. INTRODUCTION

Hypothermia has been known to be protective since thousands of years, as wounded soldiers were packed with ice until their wounds get treated. As early as 2500 BC, ancient Egyptians used cold compresses to treat injuries. Ancient Greeks and Romans also used ice and snow to reduce swelling. ¹
 It has been applied in heart surgery aiming to protect the brain and other tissue for almost a century and its use preceded the invention of cardiopulmonary bypass. Patients were cooled in a bed of ice to decrease their brain’s oxygen demand at times when the heart was operated upon and warmed thereafter.² In 1952, Gibbon introduced the pump oxygenator to clinical practice, and in 1958, Sealy et al. used hypothermia in conjunction with the cardiopulmonary bypass (CPB) circuit for intracardiac repairs.³ The use of the pump oxygenator and hypothermia has allowed cardiac surgery to flourish. Complex lesions are repaired routinely with remarkably low mortality.⁴ With the availability of present time technological advancement in cardiac anaesthesia, surgery and perfusion therapy, patients’ temperature can be precisely controlled and regulated to preset targeted temperature during cardiopulmonary bypass.⁵ Rapidly growing interest in therapeutic hypothermia in the past decade as evidenced by its use as part of the management of advanced cardiac life support has leaded to better understanding of the pros and cons of its application.⁶
The main benefit of hypothermia justifying its use is the reduction in cerebral metabolic rate; subsequently it might protect the brain by preferentially decreasing energy utilization and maintaining the integrity of brain cells.⁷ For each one degree Celsius drop in body temperature there is a decrease in cellular metabolism by around 5 to 7 %.⁸ Therapeutic hypothermia is not without price and carries some disadvantages such as impairment of haemostasis, increased incidence of arrhythmias (although tolerated during CPB, are of great concern if developed thereafter), rebound postoperative hypothermia, increased duration of surgery to allow for rewarming, insulin resistance, hyperglycaemia, and infection.⁹
In this study we will try to analyse and summarize the main effects of different degrees of temperature on several intraoperative and early postoperative recovery period characteristics such as myocardial function, need of inotropic and mechanical support, postoperative bleeding, neurological/ psychological outcome, endotracheal extubation, discharge from intensive care unit and hospital discharge.

2. material and methods 
This observational retrospective study was performed at Queen Alia Heart Institute (QAHI) between November 2023 and July 2024. 108 adult patients undergoing coronary artery grafting, valve(s) surgery or combined (coronaries and valvular) surgeries with cardiopulmonary bypass and aortic cross clamping were enrolled in this study. Data collected in a special form for this study. To avoid bias of the results, inclusion and exclusion criteria were used. Inclusion criteria for this study were: age above 18 years, utilization of cardiopulmonary bypass and aortic cross clamping. Exclusion criteria were: off-pump coronary artery bypass grafting (OPCABG), aortic arch replacement surgeries, paediatric cases, and redo surgeries. Ethical committee approval obtained.
Anaesthetic technique: Induction of Anaesthesia was done with midazolam (0.05 mg/kg), fentanyl (10-15 µg/kg), etomidate (0.3mg/kg) and rocuronium (0.6 mg/kg). Maintenance of anaesthesia was accomplished with remifentanyl infusion (0.05-2 µg/kg/min), propofol infusion (50-100 µg/kg/min) and isoflurane (1-2 %) or sevoflurane (2-2.5 %). Pharmacological reversal of neuromuscular blockade was not used and time was allowed for spontaneous recovery to occur. Along with the standard monitors (pulse oximetry, ECG, capnography and nasopharyngeal temperature probe), all patients had an arterial line, central venous line, urinary bladder catheter. Trans-oesophageal echocardiography (TOE) was used in valve surgeries. Frequent laboratory values for arterial blood gases, blood sugar, hematocrit and electrolytes were obtained. Chest X-ray (CXR) and transthoracic echocardiography (TTE) were upon physician request.
Surgical technique: Surgeries were performed through median sternotomy. After heparinization with a dose of 3 to 4 mg/kg and achieving activated clotting time (ACT) of above 480 seconds hypothermic cardiopulmonary bypass was initiated through aortic and right atrial or bicaval cannullae. Aortic cross clamping followed by antegrade cold crystalloid cardioplegia untill isoelectric cardiac arrest was done. Patients with left ventricular dysfunction had also retrograde warm blood cardioplegia through coronary sinus cannulla. At the end of surgery normothermia was maintained and patients weaned from CPB machine and heparin reversed with protamine sulphate. After obtaining hemostasis and chest closure, patients were transferred to ICU. Weaning from mechanical ventilation with ongoing assessment of patients’ clinical, haemodynamic and respiratory parameters is done while maintaining normothermia and pain control.
Statistical analysis: Microsoft Excel and IPSS are used to analyse data. A P-value of less than 0.05 is considered statistically significant.

3. results

The mean age of patients was 57.5 years (range from 19 to 78 years). Females were 16 patients (or 14.8 %) and male patients were 92(85.2%). Patients’ characteristics and perioperative variables are shown in table 1 and 2.
The temperature during cardiopulmonary bypass for the whole study population was 33.4 ± 1.3 º C (mean ± SD) and ranged from 28 º C to 36 º C. Moderate hypothermia (group 2 patients- temperature between 34 ° C and 30 ° C) was employed in 40 % of patients, mild hypothermia (group 1- between 36 °C and 34° C) in 54 % and deep hypothermia (group 3- below 30 °C) least frequently (6 %) of patients. The incidence of use of each level or degree of hypothermia is illustrated in figure 1. (Fig.1: Incidence of utilization of different degrees of hypothermia)

Fig.1: Incidence of utilization of different degrees of hypothermia.

 


Fig. 2: Average postsurgical blood loss after utilization of hypothermic CPB at different temperatures:












Table 1: Patients characteristics:
	Variable
	 Mean ± SD

	Age (years)  mean ± SD
	58.3±11.5

	BMI (kg/m̄ ²) mean ± SD
	29 ± 4.6

	Operation time (minutes)  mean ± SD
	250 ±46

	CPB time (minutes) mean ± SD
	87±26

	Hypothermia (⁰ Celsius) mean ± SD
	33.44 ±1.4

	AXC time (minutes) mean ± SD
	48.6±21

	Post-operative blood loss (ml) mean ± SD
	414±328

	
	







	Variable
	n (%)

	Female 
	16 (14.8 %)

	Male 
	92 (85.2 %)

	CABG surgery 
	91 (84.25%)

	Harvest of internal mammary artery 
	60 (60%)

	One valve surgery 
	8 (7.4%)

	Two or three valvular surgery
	4 (3.7%)

	CABG + Valve (combined) surgery 
	5 (4%)

	Urgent surgery 	
	7 (6.5%)

	Inotropic support
	40 (37%)

	Reopening (resternotomy) n (%)
	6 (5.6%)






















Table 2: Effects of different levels of hypothermia on different body systems, recovery and complications:

	
	Mild hypothermia
N=58
	Moderate
Hypothermia
N=43
	Severe hypothermia
N=7
	P- value

	CPB (min.)
	80.7
	93.8
	98.3
	

	AXC (min.)
	42.6
	53.7
	67.1
	

	Extubation (hours)
	10.6
	11.85
	21
	0.02

	ICU stay (days)
	1.4
	2.2
	2.2
	0.001

	Incidence of CVA n (%)
	2 (3.4%)
	1 (2.3%)
	0
	

	Post CPB LCOS٭
	8 (25%)
	15 (35%)
	3 (42%)
	0.4

	Post op. renal impairment
	2 (3.4%)
	0
	1 (1.4%)
	

	Postoperative blood loss (ml)
	379
	416
	564
	0.1

	Mortality
	4 (6.8%)
	2 (4.6%)
	1 (1.4%)
	



٭LCOS: Low cardiac output syndrome, necessitating inotropes and/or vasopressors.


3. DISCUSSION
Deliberate and intentional (therapeutic) hypothermia in cardiac surgery utilizing cardiopulmonary bypass (CPB) is a technique used to lower a patient's core body temperature to reduce metabolic demands and protect vital organs—particularly the brain and heart—from ischemic injury during cardiac surgery. ¹⁰ While it is a standard protective maneuver, its optimal temperature remains a subject of clinical debate between proponents of mild hypothermia and normothermia.¹¹
In literature, hypothermia is typically classified into four stages based on core temperature: Mild hypothermia (32°C–35°C) is frequently used for routine coronary artery bypass grafting (CABG), while moderate hypothermia (28°C–31.9°C) is used for more complex procedures requiring longer protection. Deep hypothermia (20.1°C–27.9°C) is essential for surgeries requiring circulatory arrest, such as aortic arch repairs and profound hypothermia (≤20°C) is used in specialized cases to allow for extended periods of safe circulatory arrest. ¹²
In our observational study; mild hypothermia was utilized most commonly in 54% of this study’s patients, while moderate hypothermia and deep hypothermia were used in 40% and 6% of this study’s cohort, respectively. The level of hypothermia used is usually predetermined and planned pre-operatively by the surgeon and the perfusionist. However, during surgery if an event or a critical incident that may cause threat to brain perfusion occurs (like inadequate CPB flow or severe bleeding) deliberate hypothermia should be started or deepened to protect the brain and vital organs. In the present time, with the widespread use of cerebral oximetry in most cardiac surgical units, low cerebral oximetry readings during CPB mandates reduction in temperature until the CPB and surgical problems are rectified. Indeed, the use of deep and moderate hypothermia was associated with a reduction in the incidence of brain hypoperfusion and cerebral vascular events as shown in table 2. (Table 2: Effects of different levels of hypothermia on different body systems, recovery and complications)
Our results also showed increased blood loss and higher incidence of postoperative bleeding in patients who had CPB at lower temperatures. (Fig. 2: Average postsurgical blood loss after utilization of hypothermic CPB at different temperatures). Different theories explain the consequences of hypothermia on haemostasis and coagulation. ¹³ Splanchnic circulation responds to hypothermia with sequestration of platelets.¹⁴ After warming, the accompanying thrombocytopenia reverses over 1 hour. ¹⁵ Transient platelet dysfunction occurs, evidenced by a platelet shape change, increased adhesiveness, inhibition of ADP-induced aggregation, and decreased synthesis of both thromboxane and prostacyclin. ¹⁶ Specific heparin-like inhibitor of factor Xa (heparan) becomes more active. Protamine cannot neutralize this factor, which might be heparan. In addition, hypothermia slows the enzymatic cleavage upon which activation of coagulation factors depends. ¹⁷ Many biological phenomena display a 7% attenuation of activity for each 1 °C in temperature. ¹⁸ While coagulation factor structure remains unaltered, formation of fibrin may be sluggish when the patient is cold. ¹⁹ Hypothermia accentuates fibrinolysis and the fibrin degradation products so formed then impair subsequent fibrin polymerization. Cold-induced injury to vascular endothelium can release thromboplastin, which then incites fibrin formation and activates fibrinolysis. ²⁰
Increased inotrope requirement following hypothermic cardiac surgery is a recognized phenomenon, often linked to the physiological effects of cooling, rewarming, and the duration of cardiopulmonary bypass (CPB).²¹ Hypothermia during or after cardiac surgery is an independent risk factor for prolonged Intensive Care Unit (ICU) and hospital stays, often due to associated morbidities like bleeding, infection, and renal failure. While used for neuroprotection, postoperative hypothermia increases oxygen demand and metabolic stress, extending recovery time.²²
The lower levels for hypothermia utilized during CPB were associated with statistically significant increase in time of mechanical ventilation (P value=0.02) and longer ICU stay (P value=0.001).


4. Conclusion

The results of our study showed that the greatest advantage of hypothermia was the prevention of brain ischaemia. On the other hand, the main disadvantages of hypothermia that were noted in our study are the increased postoperative blood loss, prolonged time of postoperative mechanical ventilation and increased length of intensive care unit stay.
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