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Abstract
Background and objective 
Mild therapeutic hypothermia (MTH) is used after out-of-hospital cardiac arrest (OHCA) 
to minimize cerebral damage. Induced hypothermia may further interfere with cardiac 
function and influence haemodynamics after OHCA. 

Methods 
This was a prospective study of haemodynamic variables in 50 consecutive patients with 
OHCA treated with MTH. Patients were cooled to a core body temperature of 32 °C for 24 
hours. Induction and maintenance of cooling was accomplished via infusion of 2 litres of 
cold isotonic saline (4 °C) and a cooling blanket. Rewarming was performed to 36 °C at 
a rate of 0.3 °C per hour. Haemodynamic data were analysed and compared in individual 
patients during different temperature phases. 

Results 
Heart rate dropped from a mean of 85 to 60 beats per min (P = 0.001) during hypothermia. 
Mean arterial pressure dropped from 79 to 72 mmHg, despite a rise in vasopressors 
and inotropes. Lactate levels were elevated throughout the induction (mean ± SD) and 
maintenance phase (mean ± SD); however, this did not correlate with a decrease in SVO2. 
Pulmonary artery pressures decreased during induction of hypothermia despite rapid 
infusion.  

Conclusion 
MTH after OHCA lowered the heart rate. Despite induction of hypothermia with cold 
fluids, filling pressures decreased. Lower mean arterial pressure and cardiac output 
were observed during MTH, without deleterious effect on ScVO2. Lactate levels were 
elevated during MTH; however, levels did not correlate with outcome. Although the need 
for vasopressors and inotropes increases, this hypothermia-induced metabolic b-blocker-
like effect seems to have no negative effect on oxygen consumption and only temporarily 
affects anaerobic metabolism. No association of haemodynamic changes during MTH 
with outcome was found. 
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Introduction
In 1961 cardiopulmonary resuscitation (CPR) was extended to also include cerebral 
resuscitation.1 In the early 1990s, animal experiments showed that induction or 
prolongation of hypothermia after cardiac arrest positively influenced survival and that 
cooling during resuscitation could further improve outcome.2

Since then, three prospective randomized clinical trials on humans have been 
performed.3-5 All showed improved survival and neurological outcome. A recent meta-
analysis observed that the mean number needed to treat to allow one additional patient 
to be discharged from hospital with favourable neurological recovery was six [95% 
confidence interval (CI) 4-13].6

Although the larger hypothermia trials have so far mainly focused on patients with 
ventricular tachycardia or ventricular fibrillation as the initial rhythm, preliminary results 
also indicate favourable effects in other causes such as asystole or pulseless electrical 
activity (PEA), although these have not been researched extensively. The application of 
hypothermia in this group, however, may provide benefits, as has been suggested by a 
more recent study.7 

Reviewing the evidence, there seems to be an abundance of reasons for implementing 
mild therapeutic hypothermia (MTH) in clinical practice. There are, however, side effects. 
Much of the knowledge on side effects of hypothermia has been gained from observations 
in accidental hypothermia. It can lead to loss of electrolytes (potassium, magnesium and 
phosphate) due to both increased urinary excretion and intracellular shift. These findings 
also have been confirmed in clinical studies on MTH.8,9 Electrolyte abnormalities may 
further affect cardiac performance. 

Hypothermia remains underused in Dutch ICUs; for example, only around 50% of 
hospitals in the Netherlands currently treat comatose patients following cardiac arrest 
according to the guidelines of the Netherlands Society of Intensive Care Medicine.10 In 
Britain, a recent survey showed only 26% application of therapeutic hypothermia after 
cardiac arrest.11 A reason for these low rates may be fear of potential side effects, as has 
recently been described.12 

A large percentage of patients with out-of-hospital cardiac arrest (OHCA) have acute 
coronary syndromes and myocardial infarction. This may include cardiac function. Induced 
hypothermia may further interfere with cardiac function and influence haemodynamics 
after OHCA. As information on haemodynamic variables during MTH is scarce, we studied 
these in patients with OHCA admitted to our ICU. 

Patients & methods
Patients 
Our hospital is a teaching non-university hospital and the primary hospital for 250,000 
people in a rural area in the Netherlands. Emergency care is provided by ambulance 
services, with each ambulance being staffed by a registered nurse with additional training 
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in emergency care and a driver. The hospital response team consists of an intensive care 
and internal medicine physician backed up by staff from the coronary care unit (CCU) and 
emergency department. 

Our standard care hypothermia protocol includes all adult patients (> 18 years of age) 
after cardiac arrest with return of spontaneous circulation (ROSC), both in-hospital 
cardiac arrest (IHCA) and OHCA with a Glasgow coma score less than 8 at presentation 
in the emergency department or on admission to the ICU. 

Patients who had cardiac arrest were treated according to advance cardiac life support 
(ACLS) guidelines. 

Treatment protocol 
Hypothermia was induced via rapid infusion of 2 litres of cold isotonic saline (4 °C) followed 
by further induction and maintenance of cooling with the patient positioned between 
two water-cooled blankets (Blanketroll II, CSZ, Cincinnati, Ohio, USA). Temperature was 
measured continuously with an oesophageal temperature probe and used as feedback 
for the cooling device. After reaching the target temperature of 32 °C, patients were 
maintained at this temperature for 24 hours. After the maintenance phase, patients 
were rewarmed at a controlled rate of 0.3 °C per hour to reach a target temperature of 
36 °C and sedation was discontinued. The complete protocol is depicted in figure 1. 
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Rewarming phase 
Rewarming rate of 0.3 °C per hour to target temperature of 36 °C 
Discontinuation of sedation after reaching normal temperature (propofol) or when starting 
rewarming (morfine/midazolam) 
Preservation of normothermia for 24 hours using cooling mattress and/or antipyretics 
	

Induction phase 
Sedation with propofol or midazolam and morfine, in case of severe shivering add bolus 
rocuronium 
Rapid infusion of 2 litres cold saline (4 °C) 
Two cooling mattresses (Blanketroll II, CSZ) underneath and on top of patient temperature set 
on 4 °C until temperature 34 °C is reached, then set at 32,5 °C 
Supplementation of 2g magnesium sulphate i.v. 
	

Hypothermia maintenance phase 
Maintenance of therapeutic hypothermia with cooling mattresses set at temperature 32.5 °C 
for 24 hours 
Continuation of sedation 
	

Laboratory investigation during therapeutic hypothermia 
During first 6 hours every 2 hours, thereafter every 4 hours: potassium, calcium, magnesium, 
phosphate, glucose, arterial blood gas 
Once daily; complete blood count, renal functions, amylase, liver enzymes, prothrombin time, 
activated partial thromboplastin time 

Figure 1. Treatment protocol.

Haemodynamic disturbances in patients were treated and monitored according to the 
discretion of the attending intensivist using inotropes and vasopressors to influence 
blood pressure, heart rate and ScVO2 or SVO2, if necessary. Pulmonary artery catheters 
are not routinely used; however, in case of insertion, data were collected and analysed. 
All patients were treated with cefotaxime prophylactically with the intent to prevent 
aspiration pneumonia. Furthermore, sedation with midazolam and morphine was used 
for deep sedation until rewarming. 

Study design 
A total of 50 consecutive patients were enrolled into the hypothermia protocol as part 
of standard care. During MTH, we analysed haemodynamic data from four phases both 
continuously and at set intervals: induction (T = 0 h), maintenance (T = 24 h), rewarming 
(T = 36 h) and normothermia (T = 52 h). Data were collected using medical records, 
monitoring charts and laboratory tests. ScVO2 and SVO2 were summarized in one dataset. 
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ScVO2 was diminished by 5% to add data to pulmonary artery catheter measurements 
of SVO2. Statistical analysis was performed by SAS software. Results are presented as 
mean ± SD. Student’s unpaired t-test and χ2 test were used for comparisons, and Welch 
corrections were made when appropriate. Statistical significance was accepted as a 
P-value of less than 0.05. 

Results
Patients’ characteristics are shown in table 1. The mean time to reach the target 
temperature was 151.8 ± 74.5 min. The treatment protocol was ended prematurely in only 
two cases due to death from multiple organ dysfunction syndrome (MODS) (4%). Forty-
eight patients completed the induction, maintenance, rewarming and normothermia 
phase. 

Table 1. Clinical characteristics of studied patients.

Mean ± SD

Age (years) 70.8 ± 15.4

Male sex (n/%) 31 (62)

APACHE-II score 23.3 ± 8.8

ICU LOS (days) 7.0 ± 5.2

HLOS (days) 13.1 ± 13.8

ICU mortality (n/%) 31 (62)
APACHE II = Acute Physiology And Chronic Health Evaluation II. HLOS = Hospital Length Of Stay. LOS = Length 
Of Stay.

During induction of hypothermia, heart rate dropped from a mean of 85 to 60 beats per 
min (P = 0.001) during the hypothermia maintenance phase (figure 2). This lower heart 
rate was accompanied by a decrease in the cardiac index as compared with normothermia 
(2.64 ± 0.87 vs. 2.45 ± 0.59; P = 0.03; figure 3). Mean arterial pressure (MAP) decreased 
during MTH from 79.5 ± 19.36 to 72.08 ± 10.05. This was also accompanied by an 
increase in vasopressor use. Almost all patients (92%) required norepinephrine from 
a mean of 0.45 mg/h during induction to 0.6 mg/h during the maintenance phase (P 
= 0.004) and rising to 0.8 mg/h during the rewarming phase (P = 0.00023). In the 
normothermia phase, in all patients, all vasoactive medications could be stopped. 
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Figure 2. Heart rate during mild therapeutic hypothermia.

Figure 3. Cardiac index during mild therapeutic hypothermia.



25

Haemodynamic consequences of mild therapeutic hypothermia after cardiac arrest

Figure 4. PAP pressures during mild therapeutic hypothermia.

Figure 5. Urine production during mild therapeutic hypothermia.
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Thirteen patients (27%) were given a pulmonary artery catheter at the discretion of the 
attending intensivist. Mean pulmonary artery pressures decreased during induction of 
hypothermia from 18.6 ± 6.58 to 11.8 ± 3.49, despite the fact that induction was carried 
out by infusion of ice-cold isotonic saline (P = 0.02; see figure 4). 

Urine output during MTH is depicted in figure 5. After an initial increase in urine output, 
normal urine flow can be seen. 

Lactate measurements were taken at all time points in 20 patients. Levels are shown in 
figure 6. 

Figure 6. Arterial lactate levels during mild therapeutic hypothermia.

Lactate levels were elevated during induction (6.68 ± 3.64; 0.5–1.7 mmol /l) 
and during the maintenance phase (3.29 ± 2.44). During rewarming, levels normalized. 
In total, 46 measurements of ScVO2 (n = 17) and SVO2 (n = 29) were available. 
Combined data are shown in table 2. 
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Table 2. Mixed venous oxygen levels during Mild Therapeutic Hypothermia.

Time Induction Maintenance Rewarming Normothermia

T °C (± SD) 35,4 (1,1) 32,6 (0,5) 35,9 (0,6) 37 (0,5)

Mean SVO2 (± SD) 72.5
(12,3)

78
(9,4)

78
(11,9)

80
(13,2)

Discussion
We demonstrated marked haemodynamic consequences in a cohort of 48 patients 
treated with MTH using a rigorous protocol. 
We found a marked reduction in heart rate. This b-blocker-like effect may positively 
affect ischaemia or myocardial damage size. Lowering heart rate is a cornerstone of 
treatment in patients with acute coronary syndromes.13,14 However, in many patients 
after OHCA, b-blockers cannot be used, as low blood pressures are common in this 
group, for example comprising 55% of patients in a large hypothermia study after cardiac 
arrest.2 Animal data also suggest a modulating effect of MTH on myocardial infarction 
15,16, but this may be protective only during ischaemia and not reperfusion.17 In our 
study group, 92% of patients needed vasoconstrictors. Therefore, this adverse effect 
(bradycardia) of mild hypothermia may in fact be a beneficial factor in patients with MTH-
treated OHCA. No patients needed pacemaker stimulation and in some patients (27 
of 48 patients) norepinephrine was temporarily exchanged for dopamine (which exerts 
positive chronotropic effects and vasoconstriction in higher dosages). 

In several animal experiments, it has been suggested that rapid induction is of pivotal 
importance to improve outcome.18 As induction of cooling may take some time for central 
body temperature to drop, infusion of cold isotonic saline is commonly used. Our data 
show that, despite this fluid induction, filling pressures decrease, suggesting this does 
not present relevant clinical problems such as fluid overloading. 

Despite induction of hypothermia with 2 litres of cold isotonic saline (4 °C), pulmonary 
artery pressures decreased. This is in line with previous research addressing the safety 
of infusion of ice-cold isotonic saline.18,19 This may suggest that many patients initially 
are hypovolaemic. 

We found an initial rise in urine output during MTH. This is often explained as cold 
diuresis, caused by peripheral vasoconstriction promoting subsequent higher central 
filling pressures.20 Others have suggested this could be due to nephrogenic diabetes 
insipidus due to decreased renal collecting tubular function during hypothermia.21 

However, we feel these explanations are not very likely as diuresis was not excessive 
during the hypothermia maintenance phase. Another explanation may be that our rapid 
fluid induction had some influence only on early phase urine output. Marked cold diuresis 
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during ongoing hypothermia treatment was not seen. It is difficult to analyse whether 
these results may have been influenced by acute tubular necrosis after cardiac arrest. 
We may conclude that high urine output or cold diuresis does not pose a relevant clinical 
problem. 

Although a drop in cardiac index (10%) may lead to inadequate organ perfusion, during 
induced hypothermia, we could not demonstrate that this lower cardiac output caused 
lower mixed venous oxygen saturation. This suggests that, parallel to the drop in cardiac 
output, oxygen consumption was also lower due to the lower body temperature. In other 
words, during MTH, the workload for the injured heart may be lower due to lower resting 
energy metabolism required at a lower body temperature.22

The findings of elevated lactate levels during hypothermia that normalize during 
rewarming could suggest tissue hypoperfusion. In contrast to this, we found normal 
mixed venous oxygen saturation levels. In addition, we could not find any correlations of 
elevated lactate levels during hypothermia with outcome. 

We hypothesize that hyperlactataemia may be related to hypothermia and is not 
deleterious or prognostic per se as hyperlactataemia has also been described during 
hypothermia in cardiac surgery patients.23 

Raper et al. 23 published data on a subgroup of cardiac bypass surgery patients with 
type B lactic acidosis who had longer duration of cardiopulmonary bypass, more 
frequent requirement for vasopressor agents and greater intraoperative hypothermia. 
Haemodynamic variables, including cardiac index, were remarkably similar in both the 
lactic acidotic and non-acidotic groups. All of the acidotic patients, in both parts of this 
study, recovered from their acidosis. Occurrence of type B lactic acidosis was frequent 
in this subgroup of patients undergoing cardiopulmonary bypass. They stated that the 
pathogenesis of this disorder is uncertain, but it appeared not to relate to inadequate 
oxygen delivery and that systemic vasodilatation and reduced oxygen extraction appear 
to be features of this disorder, which has an excellent prognosis. 

This suggests that some lactate elevation may be normal during hypothermia; at least it 
does not predict poor outcome. Therefore, we feel that no conclusions about whether to 
continue treatment should be based on these elevated lactate findings. 

In conclusion, we have shown that MTH causes haemodynamic consequences. The 
hypothermia-induced metabolic b-blocker-like effect on lowering heart rate and possibly 
cardiac output seems to have no negative effect on oxygen consumption. Blood pressures 
are lower in many patients and vasopressors are used frequently. Although there is an 
increase in lactate levels, it is unclear whether this is caused by increased anaerobic 
metabolism and it is not associated with poor outcome in MTH patients. Cold diuresis is 
not an important clinical problem. Induction with cold isotonic saline up to 2 litres does 
not cause relevant negative haemodynamic consequences or fluid overload. 
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