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Abstract
There is controversy about whether hypothermia during coronary artery bypass grafting (CABG) surgery is ef-
fective in reducing postoperative cognitive deficit (POCD). The objective of this study was to determine the ef-
fect of hypothermia on POCD and to undertake a meta-regression to determine whether moderator variables 
mediate the relationship between hypothermia and POCD. We searched the Web of Science, PubMed database, 
Scopus, and the Cochrane Library database (up to June 2017), and systematically reviewed a list of retrieved 
articles. Our final review includes only randomized controlled trials (RCTs) that compared administration 
of hypothermia (34°C). Statistical analysis of the risk ratio (RR) and corresponding 95% confidence interval 
(95% CI) was used to report the overall effect. Mantel–Haenszel risk ratio (MH RR) and corresponding 95% CI 
was used to report the overall effect and meta-regression analysis. Eight RCTs were included in this study, with 
a total of 1,474 patients. The POCD occurred in 36.06% of all cases. A wide range of hypothermia (28–34°C) did 
not reduce the occurrence of POCD (RR = 0.983 (95% CI = 0.881–1.143); Z = −0.304; P = 0.761; I2 = 38%). 
Shorter CPB time reduced the occurrence of POCD (MH log risk ratio = −0.011 (95% CI = −0.021–−0.0008); 
Z = −2.123; P = 0.033). Postoperative cognitive deficit is a common event among CABG patients. Contrary 
to deep hypothermia, mild hypothermia was significantly effective in reducing the risk of POCD. The neuropro-
tective effect of hypothermia on POCD may be attenuated by prolonged cardiopulmonary bypass (CPB) time.
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Introduction

Postoperative cognitive deficit (POCD) has long been 
understood as a major complication after cardiac surgery.1,2 
Despite the fact that reported occurrence of POCD var-
ies widely across studies, coronary artery bypass grafting 
(CABG) with the use of cardiopulmonary bypass (CPB) 
is associated with an increased risk of morbidity and mor-
tality.3,4 The underlying cause of POCD has not yet been 
properly identified.5 It is probable that microemboli are 
responsible for brain injury after CPB surgery.6

Hypothermia is a widely used protocol to reduce cogni-
tive deficit after CPB surgery.7 It reduces cerebral metabolic 
rate as well as the inflammatory response and apoptosis.8 
Several studies investigated the  effect of  hypothermia 
on cognitive deficit among patients with CABG and they 
did not find any advantage of hypothermia over normother-
mia for improving cognitive deficit,4,9–14 resulting in am-
biguity in terms of the role of temperature management 
during CPB surgery. Therefore, clinical practice guideline 
of temperature management advised that arterial outlet 
blood temperature should be limited to below 37°C to avoid 
cerebral hyperthermia. Although the avoidance of hyper-
thermia was emphasized, no threshold temperature during 
hypothermia is recommended due to the insufficient pub-
lished evidence.15 Therefore, a hypothesis may be advanced 
that there may be other variables that need to be explored.

Due to the effect of hypothermia on neuroprotection, 
the widespread use of  this technique and inconclusive 
findings from randomized controlled trials (RCTs), our 
aim was to systematically review and summarize evidence 
relevant to the effect of hypothermia on the occurrence 
of  POCD and perform a  meta-regression to  discover 
whether moderator variables mediate the  relationship 
between hypothermia and POCD.

Methods

Data sources

The PubMed, the Web of Science, Scopus, and the Co-
chrane Library databases were searched for clinical trials 
up to June 2017, using the search terms: (“coronary artery 
bypass surgery” OR “cardiopulmonary bypass surgery” 
OR “thoracic surgery” OR “cardiovascular surgery” OR 
“cardiac surgery” OR “CABG”) AND (“cognitive dysfunc-
tion” OR “cognitive function” OR “cognitive decline” OR 
“neurocognitive”) AND (“temperature” OR “*thermia” 
OR “*thermic” OR “body temperature” OR “perfusion 
temperature” OR “hypothermic cardiopulmonary bypass 
surgery” OR “rewarming”) AND (“randomized controlled 
trial” OR “controlled clinical trial” OR “randomized” OR 
“randomly” OR “trial”). The reference lists of the retrieved 
studies including systematic reviews and meta-analyses 
were also checked.

Study selection

Only RCTs were incorporated into this meta-analysis 
in which patients undergoing CPB surgery received hypo-
thermic (<34°C) and normothermic (>34°C) CPB surgery. 
We excluded non-English-language studies as well as stud-
ies that did not administer the neuropsychological test 
battery and studies that did not measure cognitive deficit 
after CPB surgery.

Data extraction and clinical endpoint

The occurrence of any cognitive deficit following CPB 
surgery (a decline >1 standard deviation (SD) in the postop-
erative score in comparison to the preoperative score) was 
defined as primary outcome.16 The decline must be verified 
using the 1 or more neuropsychological tests. The occur-
rence of POCD in time periods within the first 30, 30–90 
and 90–360 days were defined as the very early, early and 
late occurrence of cognitive deficit, respectively.1

Studies that met the  inclusion criteria were assessed 
by one reviewer and another reviewer verified the stud-
ies. The POCD in intervention and control groups was 
the main outcome. The potential moderator variables in-
cluding male gender [%], age [years], temperature thresh-
olds [°C], mean duration of  CPB [min], hypertension 
(HTN) [%], diabetes mellitus (DM) [%], reduced left ven-
tricle ejection fraction (rLVEF) [%], follow-up period [days], 
and loss to follow-up [%] were collected. Hypothermia can 
be categorized as mild and deep hypothermia. A 3°C dif-
ference between normothermic and hypothermic group 
is considered as mild hypothermic protocol and more than 
3°C difference is defined as deep hypothermic protocol. 
Disagreements between authors were resolved through 
discussion. The Jadad five-point scale was used to assess 
the quality of RCT; this scale scores a maximum of 2 points 
for blinding, 2 points for randomization and 1 point for 
the description of withdrawals and drop-outs (that is, pa-
tients lost to follow-up).16 The Q and I2 statistics were used 
to assess the statistical heterogeneity among the included 
RCTs. Heterogeneity was considered for variables with 
Q statistics (p < 0.05). It means that the amount of total 
variance is more than we would expect based on with-
in-study error, so random effect model was presumed. 
A random-effect model was used in meta-regression be-
cause there was significant between-study variation.17 
The degree of heterogeneity was determined using I2 sta-
tistics and it also represents the proportion of variation 
in treatment which is independent from sampling error. 
The I2 statistics result between 30% and 60% is moder-
ately heterogeneous.18 The relationship between 1 or more 
moderators and a dependent variable was assessed using 
meta-regression.19 Effect size as dependent variable and 
moderator variable as independent variable were analyzed 
to identify potential predictors of effect size. Q-model sta-
tistics with p < 0.05 showed that the relationship between 
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moderator variable and treatment effect is stronger than 
we would expected by chance. Variables with Z statistics 
(p < 0.05) were interpreted as their slope is probably not 0, 
and the treatment effect is more effective when moderator 
variable changes.17 Mantel–Haenszel (MH) log risk ratio 
was regressed on the following variables: between-group 
proportion difference of male gender [%], between-group 
mean difference of age [years], CPB time [min], and tem-
perature threshold [°C]. Hypertension [%], DM [%] and 
rLVEF [%] were not reported in all trials. Difference was 
defined as the difference between normothermia and hy-
pothermia groups (normothermia − hypothermia). Nega-
tive value of MH log risk ratio is in favor of the neuropro-
tective effect of hypothermia. Data are presented as a mean 
(SD) for continuous variables and as proportions (%) for 
categorical variables. Statistical analyses were conducted 
using the Comprehensive Meta-Analysis v. 2 statistical 
software package (Biostat Inc, Englewood, USA). Dichoto-
mous results were analyzed using the Mantel–Haenszel 
method. The risk ratio (RR) and its 95% confidence interval 
(95% CI) were calculated.

Results

Search results

From a  total of  715 citations identified, 29 articles 
were fully evaluated. A total of 1,747 patients in 8 RCTs 
met the inclusion criteria and all of them were included 
in the final analyses.20–27 Steps of the search strategy are 
presented in Fig. 1.

Study characteristics

All RCTs scored above moderate and 2 studies scored 
high on the Jadad scale (Table 1). The Wechsler Adult Intel-
ligence Scale was the most frequently used scale to assess 
the severity of POCD. The overall occurrence of POCD 
was 36.06%. The occurrence of POCD was 48.23%, 15.21% 
and 48.49% for very early, early and late periods, respec-
tively. Male patients had a higher proportion than female 
patients in all RCTs. Mean surgery time (CPB) ranged 
from 71 min to 127.5 min and surgery time difference 
between hypothermic and normothermic groups was up 
to 27.3 min. No significant between-group difference was 
reported in the baseline characteristics of patients (except 
for CPB time in the study by Plourde et al.). The key char-
acteristics of the included studies are presented in Table 1. 
Data and conclusions are summarized in Table 2.

Overall effect of hypothermia

The overall effect of hypothermia was estimated through 
a meta-analysis. The effect of hypothermia on POCD was 
calculated through MH RR as 0.983 (95% CI = 0.881–
1.098). The MH RRs for very early, early and late cog-
nitive deficit were 1.004 (95% CI = 0.883–1.143), 0.968 
(95% CI = 0.722–1.299) and 0.887 (95% CI = 0.656–1.198) 
(Fig. 2). The findings of the pooled analyses are summa-
rized in Fig. 2. The overall heterogeneity of the RCTs was 
estimated as 38% (Q-model = 20.912; p = 0.075). A fun-
nel plot for publication bias analysis is not presented due 
to the fact that it is not recommended with analysis of few-
er than 10 studies.19

Meta-regression

The overall effect of moderator variables was estimated 
through meta-regression analyses. The model was sig-
nificant for the association of CPB time difference as well 
as temperature difference with cognitive deficit. Between-
group temperature difference was calculated through 
MH log RR as 0.053 (95% CI = 0.007–0.098); Z = 2.302, 
p = 0.021, Q-model = 5.303, degree of freedom (df) = 1, 
p = 0.021 (Fig. 3A). The mild temperature difference (about 
3°C) is significantly associated with a lower rate of POCD 
in comparison with deep hypothermia (>3°C) (Fig. 3A). 
 Figure 3B shows that the MH log RR for CPB time dif-
ference between groups was −0.011 (95% CI = −0.021–
−0.0008); Z = −2.123, p = 0.033, Q-model = 4.509, df = 1, 
p = 0.033 (Fig. 3B) and it shows that shorter CPB time 
is significantly associated with a lower rate of POCD in ei-
ther group.

Stepwise regression analyses were performed to examine 
the association between MH log risk ratio and potential 
predictors including temperature and CPB time differ-
ence. The R2 was 43.8%. Regression model was signifi-
cant, R = 0.693, R2 = 0.431, p = 0.006. The CPB time was Fig. 1. Flow diagram of the selection process of eligible articles

715 records screened

27 irrelevant studies
4 no neuropsychometric 

testing
3 case series studies
5 observational designs

18 not randomized
2 no neuropsychometric 

testing
1 no psychometric results 

reported for both groups

554 irrelevant studies
18 review studies

5 animal studies
6 editorials

12 proceedings papers
10 non-English publications
42 duplicated publications

29 potentially appropriate 
studies to be included

8 citations fulfilled inclusion
criteria

68 full-text articles were 
assessed for eligibility
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Fig. 3. A. Plot of MH log risk ratio against 
temperature difference between 
groups. Positive values in the horizontal 
axis indicate a greater mean 
or proportion for the normothermic 
group (difference = normothermia 
− hypothermia). Negative 
values in the vertical axis favor 
the neuroprotective effect 
of hypothermia (below the horizontal 
grey line). B. Plot of MH log risk ratio 
against cardiopulmonary bypass 
time difference between groups. 
Negative values in the horizontal 
axis indicate a greater mean 
or proportion for the hypothermic 
group (difference = normothermia 
− hypothermia). Negative 
values in the vertical axis favor 
the neuroprotective effect 
of hypothermia (below the horizontal 
grey line)
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significantly associated with MH log risk ratio – unstan-
dardized B CPB time was −0.62 (0.018; p = 0.006) and 
unstandardized B constant was −0.157.

Sensitivity analysis

Only Plourde et al. reported a significant difference of CPB 
time between groups (CPB time of hypothermic group was 
longer than that of normothermic group).24 Slope was sig-
nificant after exclusion of the study by Plourde et al. and 
it resulted in a reduction from −0.011 to −0.045, meaning 
that the association between CPB time and POCD was not 
influenced by the results of the study conducted by Plourde 
et al24. There are no influential studies in any of the analyses 
estimated from “Remove-One” sensitivity analysis.

Discussion

To date, this is  the  first meta-regression to evaluate 
the association between the neuroprotective effect of hy-
pothermia and moderator variables. We demonstrated that 
shorter CPB time had a favorable influence on POCD. This 
finding may have critical implications for the therapeutic 
management of patients undergoing CABG surgery.1

It is well-recognized that hypothermia is neuroprotec-
tive.28 Hypothermia provides cerebral protection against 
ischemia, reduces brain metabolism under hemodynamic 
instability, and inhibits free radical and oxidative enzy-
matic activities and attenuation of the excitatory and in-
hibitory neurotransmitters, resulting in a protective bal-
ance against brain damage.13 In detail, extracellular amino 
acids play a pivotal role in neural damage.28,29 However, 
glutamate, aspartate, gamma-aminobutyric acid, taurine, 
glycine, and alanine showed a significant increase in re-
sponse to the ischemia in normothermia. Therefore, inhi-
bition of excessive effluxes of both excitatory and inhibi-
tory amino acids contributes to the neuroprotective effect 
of hypothermia against ischemia.

In harmony with other reviews on the association of hy-
pothermia and POCD,4,9,12–14 our meta-analysis showed 
that a wide range of hypothermia (28–34°C) does not re-
duce POCD after CABG surgery. However, there is no sta-
tistically significant difference between the 2 groups, risk 
ratio for very early (1.004), early (0.968) and late (0.887), 
showing that the trend is compatible with that reported 
by Brown et al.6 They demonstrated that there is a rapid 
decline in the embolic load as time from surgery increases 
(particularly in the first few days after surgery). In our 
study, there is a trend toward a lower occurrence of cog-
nitive deficit among patients after CPB surgery in hypo-
thermic group (35.45% compared to 36.66%), suggesting 
that a moderator variable may interfere with a significant 
decrease in the POCD in hypothermic group.

Meta-regression demonstrated shorter CPB time is as-
sociated with a lower occurrence of POCD in either group, 

meaning that CPB surgery time is an independent pre-
dictor of POCD. In the regression model, patients with 
longer surgery time had a significantly increased risk for 
the occurrence of POCD. Bearing in mind that only 2 (25%) 
studies had a shorter surgery time for the hypothermic 
group, it may explain why the findings of these studies have 
been inconclusive across all previous reviews. Figure 3B 
shows that the neuroprotective effect of hypothermia can 
only resist up to 4 min longer mean duration of normo-
thermic CPB. This finding is supported by other studies, 
indicating that an increase in CPB surgery time is asso-
ciated with an embolic load increase.6,30,31 The key role 
of CPB surgery time in association with the risk of micro-
emboli development and POCD has been well-discussed 
in the cardiac surgery studies.30–32 Brown et al. reported 
that a 30.5% increase in the embolic load is contributed 
by each 60-minute increase in CPB surgery time.6 Patients 
with valve plasty surgery experience even more severe 
embolic load (145.3%/h). In this line, Salis et al. showed 
that a 30-minute increment in CPB surgery time is a sig-
nificant independent risk factor for postoperative death 
(OR = 1.57).33 In addition, Bucerius et al. reported that 
CPB surgery time longer than 120 min is an independent 
risk factor for stroke (OR = 1.42).34 Therefore, it has to be 
said that postoperative outcome of patients with CABG 
surgery is considerably associated with CPB surgery time.

In this review, absolute mean CPB surgery time dif-
ference between normothermic and hypothermic groups 
was up to 27.3 min and mean CPB surgery time ranged 
from 71 min to 127.5 min. However, all RCTs (except that 
of Plourde et al.24) reported that the average of CPB surgery 
time does not differ significantly between groups. Hypo-
thermic groups experienced greater mean CPB surgery 
time in 6 studies.20–25,27 Therefore, the effect of hypother-
mia on POCD may be confounded by the great impact 
of prolonged CPB time on emboli formation. Also, mean 
statistics can be highly affected by the extreme values 
and it  is not an appropriate statistic for highly skewed 
distributions. An analysis of 5,000 patients undergoing 
CABG surgery showed that the distribution of CPB dura-
tion is positively skewed (0.18) and data is dispersed (coef-
ficient of variation (CV) = 40%), showing that 25% of sur-
geries lasted longer than 135 min (up to 643 min).33 In this 
review, each 30-minute increment in CPB surgery time 
increases the risk of death 1.53 times, which shows that 
CPB surgery time is closely related to the final outcomes 
such as death, stroke and POCD. In the included studies, 
there is a high dispersion in data due to the fact that CV 
of CPB surgery time ranged from 20% to 30%. It is known 
that it is not appropriate to use mean statistics in skewed 
data, particularly when there is a strong association be-
tween dispersed cases and final outcomes. Therefore, dis-
persity may be the reason why the neuroprotective effect 
of hypothermia is not significant in the meta-analysis. 
It is concluded that insignificant difference between CPB 
time is not sufficient to compare occurrence of POCD 
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between groups, which is why studies need to be stratified 
for the CPB time as well.

Meta-regression showed that mild temperature differ-
ence (−3°C) is related with a lower POCD in hypothermic 
group, meaning that mild hypothermic protocol (34°C) 
showed a lower POCD in comparison with deep hypother-
mic protocol (>34°C). In fact, other hypothermic protocol 
did not offer any advantage over normothermic group. 
Figure 3A shows that the mild temperature difference 
(about 3°C) is significantly associated with a lower rate 
of POCD, meaning that the neuroprotective effect of hy-
pothermia decreases as temperature difference between 
normothermic and hypothermic group rises. This is in line 
with other studies showing that modest reductions in tem-
perature have been shown to protect brain neurons and 
decrease lactate production.35 Ooboshi et al. indicated that 
mild brain hypothermia (3°C reduction) may be superior 
to attenuate effluxes of excitatory amino acids and pro-
tect of hippocampal neurons.28 Besides, a meta-analysis 
of the relationships between hypothermia and the neu-
roprotection effect after cardiac arrest showed that mild 
hypothermia (32–34°C) improves neurological outcomes 
in resuscitated patients from cardiac arrest.29

Different time periods are used to examine cognitive 
status among RCTs (7 days, 4–6 weeks, 3 months, or lon-
ger). The follow-up period after CPB surgery ranged from 
4 days to 5 years in the current studies. In the first week, 
the occurrence of POCD is at the highest rate, followed 
by a significant reduction over the first 6 months.3,6,12,36 
In this line, Cormack et al. indicated that a trend developed 
towards a decrease in the occurrence of POCD across all 
4 neuropsychological tests in the 1st year following CPB 
surgery.1 They also mentioned there is a decline in half 
of the neuropsychological tests in the 1st week after CPB 
surgery, specifically in those tests that assess psychomotor 
function.1 Apart from that, the practice effect may occur 
during the neuropsychological tests, so the effect size may 
be confounded by the patients’ scores which showed practice 
effects over multiple testing sessions.2 However, the prac-
tice effect may improve scores towards a decline in the oc-
currence of POCD. Brown et al. also reported that there 
is a consistent reduction in the microemboli load as time 
passes after CPB surgery,6 implying that there may be mul-
tiple factors associated with trend towards decline in POCD.

The variability in the definition of POCD may contrib-
ute to the heterogeneity among RCTs.37 A 1 SD decline 
in the postoperative score in comparison to the preopera-
tive score is the most commonly used measure to define 
POCD in the literature. It uses a fixed amount of decline for 
each patient and is specific to each study. It also estimates 
between the higher (20% drop) and lower (IRs) estimates 
of cognitive decline. Therefore, a 1 SD decline criterion 
may miss up to 1/3 of the occurrences of POCD.37 Finally, 
this error may be ignored because both hypothermic and 
normothermic groups have been classified with same 
methodology in each individual study, so it may have no 

significant impact on the effect size. Neuropsychological 
testing is still considered as the main method for the mea-
surement of POCD. Therefore, the result must be inter-
preted cautiously because the neurocognitive assessment 
is accompanied by inherent variations in measuring POCD.

Patients lost to follow-up ranged from 1.3% to 73.73% 
in the current review. Loss to follow-up was not associated 
with the occurrence of POCD through meta-regression; 
in Heyer et al., it was 73.73% in early assessment.23 The va-
lidity of studies is questionable if more than 20% of pa-
tients are lost to follow-up.38 After exclusion of the study 
by  Heyer et al., there was no significant association be-
tween hypothermia and POCD and the association be-
tween CPB time and occurrence of POCD also remained 
significant.23 These authors reported that loss to follow-up 
rate does not significantly differ between groups in order 
to lessen the bias caused by a high drop-out rate.

Further investigation of  the  effect of  hypothermia 
on POCD with a focus on important moderators is neces-
sary to provide a better understanding of the profile risks. 
We could not analyze the association between the pa-
tient’s profile risk factors such as age, gender, DM, HTN 
and rLVEF, and POCD, since the studies did not report 
the patient’s profile risk factors completely.

Several factors may be associated with cognitive deficit, 
but very few have been proven to have the significant effect 
on cognitive deficit as much as CPB surgery time. A higher 
occurrence of POCD is reported among patients undergo-
ing CABG surgery with valve plasty.6 All included RCTs 
did not recruit patients with valve plasty surgery, which 
is why it is not considered as a source of bias in our meta-
analysis. All included studies used on-pump CABG with 
conventional extracorporeal bypass, so the results may not 
be confounded by surgery technique. Generally, on- and 
off-pump CABG groups do not differ in terms of the oc-
currence of cognitive deficit. A meta-analysis reported 
comparing off-pump compared to on-pump CABG does 
not show any significant effect on POCD.14,39

There are several limitations of this meta-analysis. Stud-
ies have been conducted from 1994 to 2007; therefore, 
it was impossible to contact all the authors for addition-
al data. The skewness of CPB time could be calculated 
if we had access to raw data and median CPB time. Fur-
ther investigation of the effect of hypothermia on POCD 
with focus on CPB time is necessary. Stepwise regression 
model showed that CPB time and temperature contribute 
to 43.8% of the overall results, so patient risk profiles may 
be involved in the neuroprotective effect of hypothermia 
on POCD.5,12

Conclusions

Meta-analysis of  the  available evidence showed that 
POCD is a common event among CABG patients. However, 
hypothermia was not significantly associated with a lower 
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occurrence of POCD; mild hypothermia may be more effec-
tive than deep hypothermia in decreasing the risk of POCD. 
Shorter CPB time was associated with a lower occurrence 
of POCD, so the neuroprotective effect of hypothermia 
on POCD may be attenuated by prolonged CPB time.
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