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Background: A majority of reports in the past decade have demonstrated that perioperative hypothermia increases susceptibility |
to surgical site infection (SSI). However, in recent years, an increasing number of studies did not find an association between
hypothermia and the risk of SSI. These contradictory results have given rise to a conflicting issue on whether perioperative
hypothermia is associated with SSI risk in surgical patients.

Methods: We examined the association between perioperative hypothermia and SSI incidence and then integrated available
evidence by searching the databases, such as PubMed, Web of Science, Embase, and Cochrane library for potential papers from
inception to April 2018. We included studies that reported original data or odds ratio (OR) with 95% confidence intervals (Cls) of the
associations. Using fixed-effects models combined the OR with 95% Cls, randomized controlled trials and observational studies
were analyzed, respectively, and cohort studies were further analyzed. Sensitivity analyses were performed by omitting each study
iteratively, and publication bias was detected using Begg'’s tests.

Results: We screened 384 studies, and identified 8 eligible studies, including 2 randomized controlled trials and 6 observational
studies (1 case—control study and 5 cohort studies). The pooled OR results in the randomized controlled studies showed that
perioperative hypothermia could increase the risk of SSI without heterogeneity (OR, 1.60; 95% Cl, 1.14-2.23; °=0.0%, P=.845).
The fixed-effect meta-analysis indicated no association between perioperative hypothermia and SSl risk in observational studies (OR,
0.98; 95% Cl, 0.96-1.01; *=53.2%, P=.058). Furthermore, cohort studies were performed to pool OR by using the fixed-effect
model, and the incorporated results also suggested a similar relationship (OR, 1.13; 95% Cl, 0.97-1.33; > =46.4%, P=.113).

Conclusion: The meta-analysis suggests that perioperative hypothermia is not associated with SSI in surgical patients. However,
the 8 eligible studies were mostly cohort studies. Thus, further randomized controlled trials are required to confirm this finding.

Abbreviations: Cl = confidence interval, ES = effect size, OR = odds ratio, SSI = surgical site infection.
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1. Introduction

Body temperature is vital in maintaining normal human
activities. However, factors, such as the use of anesthetic drugs,
cold operating theater, skin antisepsis, and cold irrigation of a
patient with the body uncovered, and the use of intravenous
solutions during surgery, can lead to a low body temperature in
the anesthetic—surgical procedure. Hypothermia occurs when the
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core temperature of an organism is <36°C, commonly affecting
up to 70% of surgical patients perioperatively.!!! Anesthesiology
studies have shown that perioperative hypothermia is associated
with numerous adverse outcomes, including triggered myocardial
ischemia, prolonged recovery, impaired immunity, increased
blood loss, delayed wound healing, and increased risk of surgical
site infection (SSI).1>?!

SSIis possibly the most common postoperative complication,
affecting up to 30% of surgical patients,!*! lengthening the
hospital duration by 1 week and considerably increasing the cost
of the health care.”! Besides, data have revealed that antibiotic
resistance patterns exists in more than half of the isolated
microorganisms from infected surgical wounds.!®

Considering the high incidence and potential preventability of
SSI, risk factors during the perioperative period contributing to
the risk of SSI are emphasized generally. There is concern
regarding the link between perioperative hypothermia and the
risk of SSI. The study of Kurz et all”! observed that the incidence
of SSI increases thrice, when a patient’s body temperature is 2°C
lower than the normal temperature. However, Geiger et al'®
showed that low intraoperative temperatures are related to low
SSI rates. Furthermore, the new study by Baucom et al®! did not
find an association between hypothermia and SSI. These
contradictory results have given rise to a conflicting issue on
whether perioperative hypothermia is associated to SSI risk in
surgical patients. A meta-analysis may be necessary in integrating
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available evidence. Therefore, we assessed the evidence on the
association between perioperative hypothermia and SSI by
conducting a meta-analysis of published studies.

2. Materials and methods

2.1. Searching strategy

Related articles were identified and selected from PubMed, Web
of Science, Embase, and Cochrane Library by using search terms:
(perioperative hypothermia or intraoperative hypothermia or
hypothermia) and (surgical wound infection or surgical wound
infection or surgical site infection or site infection or wound
infection). The search in each electronic database was limited to
studies concerning humans that were published before April
2018. Reference lists were also reviewed, and related references
were hand-searched to obtain potentially eligible papers. Two
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independent authors screened abstracts and citations. The
included articles were reviewed further for full-text reports.
Figure 1 shows the literature search procedure in detail. No
ethical approval was needed in this study.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were: studies
assessing the correlation between perioperative hypothermia
and SSI; studies including the incidence number or odds ratio
(OR) of SSI and hypothermia in a control group with 95%
confidence intervals (95% ClIs); studies selected for clinical
trial research; and studies containing a reference group.
Studies irrelevant to hypothermia, editorials, comments,
letters, review articles, and papers lacking pertinent statistical
information for calculating effect estimates were excluded from
the meta-analysis.

384 of records identified through database searching:

Pubmed(n=31)
Web of science(n=243)
Embase(n=91)
Cochrane library(n=19)

264 of records after

duplicates removed

r
109 of records excluded: did not focus on

155 of records left

the perioperative hypothermia or surgical

site infection through reading topic

130 of records excluded: did not

study the association between

25 of records left

perioperative hypothermia and

surgical site infection

-

11 of records excluded:

5 were reviews

14 of records left

4 were editorials

1 was meta-analysis

K 1 was meeting abstract

,
6 of records excluded: did not

provide enough data

8 of full-text articles
assessed for eligibility

Figure 1. The detailed procedures for the literature search.
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Characteristics of studies included in the meta-analysis.

SSI Control
First author Year Design Country Events Total Events Total ES (95%Cl) Age Type of surgery
Alejandro 2001 Prospective Mexico 18 20 138 241 0R,1.301 (0.907-1.866) 40.0£12.0 Cholecystectomy
Flores-Maldonado cohort study
Kara C. Long 2013 Retrospective America 64 89 155 208 OR,0.98 (0.785-1.223)  61.2 (23.1-95.5)  Cytoreductive
cohort study surgery
Rebeccah B. Baucom 2015  Retrospective America OR,1.71 (0.76-1.81) 61.8+13.1 Segmental
cohort study colectomy
Rebeccah B. Baucom 2013  Retrospective America OR,1.062 (0.628—1.796) 53.0+13.0 Ventral hernia repair
cohort study
Mark J. Seamon 2012  Retrospective America OR,2.21 (1.24-3.92) 309+124 Urgent trauma
cohort study laparatomy
Michael J Brown 2016  Retrospective America OR,0.98 (0.96-1.01) 60.0 (48.0-72.0)  Class I/Clean
case—control surgical wounds
study
Andrew C Melling 2001 Randomized UK 19 32 120 384 0OR,1.565 (1.061-2.309) 49.81+14.40 Elective hernia
controlled trial repair, varicose
vein surgery, or
breast surgery
Andrea Kurz 1996  Randomized America 18 24 78 176 OR,1.69 (0.87-3.30) 61.0+£15.0 Colorectal resection

controlled trial

Cl=95% confidence interval, ES =effect size, OR=odds ratios, SSI=surgical site infection.

2.3. Data extraction

Data from each eligible paper were screened and abstracted
independently by 2 investigators by using a preparative
standardized data form. Disagreements were resolved through
detailed discussions or consultations with the third author until a
consensus was reached. The data included the first author’s
surname, authors’ countries, year of publication, method of the
study, number in case and control groups, adjusted OR with 95 %
ClIs, age, and type of surgery (Table 1).

2.4. Data synthesis and analysis

This meta-analysis was performed by calculating OR with 95%
ClIs to reflect the relationship between hypothermia and SSI risk.
The chi-squared-based Q test and I” statistics were used to assess
heterogeneity among included studies, and the fixed-effect model
or random-effect model was applied depending on heterogeneity
assumption.'”! The random-effect model was used to calculate
the pooled OR in the presence of significant heterogeneity
(P<.05 and I>>50%); otherwise, a fixed-effect model was
performed.!"" Sensitivity analysis was conducted by excluding
one study at a time to estimate the stability of the pooled results.
Besides, we utilized Begg’s test (rank correlation method)™?! to
evaluate potential publication bias, where P <.1 was considered
as representative of significant statistical publication bias. All
statistical analyses were performed using Stata version 12.0
software (StataCorp, College Station, TX). Statistical significance
was considered if P<.05.

3. Results

3.1. Search results

The search identified 384 potentially relevant articles in different
electronic databases. Among these articles, 120 duplicate datasets
were excluded. Subsequently, 240 articles not focusing on the
association between perioperative hypothermia and SSI were
removed. After thoroughly screening the remaining articles,

5 articles not providing detailed data for the meta-analysis were
excluded, and 11 others were removed for other reasons. A final
set of 8 eligible articles was used in the meta-analysis after
extraction.l”>” 13 81Figure 1 presents the detailed flowchart of the
procedure for study selection.

3.2. Characteristics of studies

Among the 8 datasets, 2 were randomized controlled trials,!”>1¢1 1
was a case—control study,"' "' and 5 were cohort studies.!>1371%:18!
The year of publication ranged from 1996 to 2017. Among
the included studies, 6 were performed in the United
States, 77141517181 1 was conducted in Mexico,!'*! and 1 was
performed in the United Kingdom.*®! The main characteristics of
the individual studies are summarized in Table 1.

3.3. Meta-analysis results

The meta-analysis was conducted to explore the potential
relationship between perioperative hypothermia and SSI risk in
the 8 studies. Figure 2 shows that the pooled OR results in the
randomized controlled studies that showed that perioperative
hypothermia could increase the risk of SSI without heterogeneity
(OR, 1.60; 95% CI, 1.14-2.23; *=0.0%, P=.845). The fixed-
effect meta-analysis indicated no association between periopera-
tive hypothermia and SSI risk in observational studies (OR, 0.98;
95% CI, 0.96-1.01; I*’=53.2%, P=.058). Furthermore, cohort
studies were performed further to pool OR by using a fixed-effect
model, and the incorporated results also suggested a similar
relationship (OR, 1.13; 95% CI, 0.97-1.33; [*=46.4%,
P=.113) (Fig. 3).

3.4. Sensitivity analysis

A sensitivity analysis was conducted by sequentially excluding
each individual study at a time to estimate the stability of the
pooled results in observational studies and cohort studies
respectively. The analysis results demonstrated that no individual
study significantly affected the pooled ORs (Figs. 4 and 35).
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Study %
ID OR (95% ClI) Weight
Observational study
Rebeccah B. Baucom, et al (2015) —— 1.17 (0.76, 1.81) 0.33
Rebeccah B. Baucom, et al (2013) —_—f——— 1.06 (0.63, 1.80) 0.23
Mark J. Seamon, et al (2012) —_————— 2.21(1.24,3.92) 0.19
Kara C.Long, et al (2013) — 0.98 (0.79, 1.22) 1.27
Alejandro Flores-Maldonado, et al (2001) e 1.30 (0.91,1.87) 0.48
Michael J Brown (2016) . 0.98 (0.96, 1.01) 96.95
Subtotal (I-squared = 53.2%, p = 0.058) e 0.98 (0.96, 1.01) 99.45
RCT
Andrea Kurz, et al (1996) —_—— 1.69 (0.87, 3.30) 0.14
Andrew C Melling, et al (2001) —_— 1.57 (1.06,2.31) 0.41
Subtotal (I-squared = 0.0%, p = 0.845) <> 1.60 (1.14,2.23) 0.55
Heterogeneity between groups: p = 0.005
Overall (I-squared = 62.5%, p = 0.009) ﬁ 0.99 (0.96, 1.01) 100.00

I I I

Figure 2. Odds ratio (OR) for the association between the perioperative hypothermia and surgical site infection in 2 RCT studies and 6 observational studies. The
diamond denotes the incorporated OR. Shaded rectangles suggest the OR in each study, with sizes inversely proportional to the SE of the OR. Horizontal lines
indicate the 95% confidence interval (Cl). Cl=confidence interval, OR=odds ratio, SE=standard error.

Study %

ID OR (95% Cl)  Weight

T
|
I

Rebeccah B. Baucom, et al (2015) — 1.17 (0.76, 1.81) 13.28
|

Rebeccah B. Baucom, et al (2013) —Oi— 1.06 (0.63, 1.80) 9.06
i

Mark J. Seamon, et al (2012) i —_— 2.21(1.24,3.92) 7.55
|

Kara C.Long, et al (2013) — = 0.98 (0.79, 1.22) 50.88

Alejandro Flores-Maldonado, et al (2001) — 1.30 (0.91, 1.87) 19.22

Overall (I-squared = 46.4%, p = 0.113) 4 1.13 (0.97, 1.33) 100.00

T T T
A 5 1 5

Figure 3. Odds ratio (OR) for the association between the perioperative hypothermia and surgical site infection in 5 cohort studies. The diamond denotes the
incorporated OR. Shaded rectangles suggest the OR in each study, with sizes inversely proportional to the SE of the OR. Horizontal lines indicate the 95%
confidence interval (Cl). Cl=confidence interval, OR=0dds ratio, SE=standard error.
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Meta—analysis fixed—effects estimates (linear form)
Study ommited

Rebeccah B. Baucom, 2015 |

Rebeccah B. Baucom, 2013

Mark J. Seamon, 2012

Kara C.Long, 2013

Alejandro Flores—Maldonado, 2001

Michael J Brown, 2016
-0.74 -0.36

0.85 207 2.32

Figure 4. Sensitivity analysis plots of the included observational studies focusing on the association between the perioperative hypothermia and surgical site

infection risk.

3.5. Publication bias

Begg’s test with funnel plot asymmetry was used to assess
potential bias in the observational studies and cohort studies and
identify small study effects on the association between perioper-
ative hypothermia and SSI risk. The funnel plot (P=.133, .462,
respectively), which is shown in Figures 6 and 7, did not reveal
marked deviations from symmetry, thus indicating a low
probability of publication/selection bias.

4. Discussion

In the current meta-analysis, we evaluated the association
between perioperative hypothermia and SSI risk. Eight
published articles, namely, 2 randomized controlled trials, one
case—control study, and 5 cohort studies, were selected.
Randomized controlled trials and observational studies were
performed respectively. Because the number of randomized
controlled trials was low, their results were consistent. Hence,

Meta-analysis fixed—effects estimates (linear form)

Study ommited
Rebeccah B. Baucom, 2015 | ©
Rebeccah B. Baucom, 2013 D |
Mark J. Seamon, 2012 ¢
Kara C.Long, 2013 0]
Alejandro Flores—Maldonado, 2001 a
-1.20 -0.74 0.79 232 279

Figure 5. Sensitivity analysis plots of the included cohort studies focusing on the association between the perioperative hypothermia and surgical site infection risk.
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 6. Funnel plot of studies evaluating the association the association between the perioperative hypothermia and surgical site infection risk in the observational

studies. The Begg regression asymmetry test (P=.133).

the power of pooled OR results in the randomized controlled
studies was little. We found evidence from observational studies
that suggested no association between perioperative hypothermia
and SSI risk in the surgical population.

Because the first report on hypothermia and its association
with SSI was published in 1996,”! numerous clinical trials have
been conducted on perioperative hypothermia and the risk of
wound infection. In investigations on the link between
perioperative hypothermia and the risk of SSI, similar results
were obtained by previous studies.!”>*!>17191 Baycom et al!
indicated no correlation between perioperative hypothermia and

30-day SSI in patients who underwent ventral hernia repair. The
new study of this team further explored the association between
perioperative hypothermia and SSI by using accurate periopera-
tive temperature measurements and 4 definitions of perioperative
hypothermia among patients who underwent elective segmental
colectomy. The results indicated that perioperative hypothermia
was independent of SSLP! Another study using continuously
intraoperative temperature measurements to examine 1008
colorectal surgery patients also found no correlation between
perioperative hypothermia and SSL.M*! Meanwhile, Geiger et al'®!
retrospectively collected data on the same surgical population

Begg's funnel plot with pseudo 95% confidence limits

D
3
=
8
0
-5

s.e. of: log[or]

Figure 7. Funnel plot of studies evaluating the association the association between the perioperative hypothermia and surgical site infection risk in cohort studies.

The Begg regression asymmetry test (P=.462).
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and demonstrated that low intraoperative temperatures were
related to low SSI rates. Their results were similar to those of
Edwards et al’°! who reported that women who did not develop
postcesarean infections have lower mean temperatures than those
who developed such infections during cesarean delivery.
Moreover, recent data on a plastic surgery population obtained
using multivariate models demonstrated that perioperative
hypothermia was not associated with wound complications.!*!!
These studies demonstrated that the clinical importance of the
effect the temperature on SSI risk might seem low. Other factors,
such as surgery duration, surgery complexity, and patient frailty,
seem to be greatly indicative of the decreased incidence of SSI.1**!

By contrast, the result from Kurz et al'”! showed that the
incidence of wound infection increases 3 times when the body
temperature is 2°C lower than the normal temperature. The
underlying mechanism might be that hypothermia directly
affecting the immunity of antibodies and cells and indirectly
decreasing oxygenation due to local tissue vasoconstriction,
thereby increasing the susceptibility to SSLI*3! Based on this
randomized study, active perioperative warming was recom-
mended to reduce the rate of SSI. However, this study has several
limitations. Given that the subjects in the hypothermia group had
a higher volume of blood transfusions intraoperatively, they had
a greater risk of SSI than those in the normothermic group.
Moreover, the number of patients who underwent SSI was
relatively small in the normothermic group. Subsequently, several
other studies obtained similar conclusions."®®! By contrast,
these studies using various definitions of hypothermia and single
temperature measurement time points as variables to explore the
association with SSI revealed an association between hypother-
mia and SSL."”! Meanwhile, forced-air warming devices might
interfere ultraclean operating room airflow, thus potentially
contaminating the surgical site and further increasing the
susceptibility to SSLIZ4-2¢!

Although our study did not suggest an association between
perioperative hypothermia and SSI in patients who underwent
surgery, the effect of perioperative temperature on clinical
outcomes was reasonably important because hypothermia had
been associated with other adverse outcomes. However, in the
present era of precision medicine, we need to identify and
minimize the efforts that produce costs without achieving
improvements. Besides, under the state of anesthesia, body
temperatures mildly <36°C might be protective,'® owing to the
decrease in the body’s metabolism. Therefore, the optimal timing
of active warming in surgical patients should be accurately
reflected to minimize waste of health resources,”’ and the
percentage of duration time of the temperature nadir warrants
further exploration regarding its potential significance to clinical
outcomes. !

The limitations of the current meta-analysis are as follows.
First, only 5 cohort studies were performed mainly because the
number of randomized controlled trials was low. Second, a
subgroup analysis for exploring the influence of variables, such as
the types of surgery and the types of infection, on the risk of SSI
was not performed due to the limited articles and unavailability
of variables.

In conclusion, our study suggests that perioperative hypother-
mia is not associated with the risk of SSI in observational studies.
However, evidence from randomized controlled studies was not
found to confirm this association owing to only 2 studies were
included in this meta-analysis. Therefore, this result should be
interpreted with caution, and considerably more work should be
done. Large-scale, randomized-controlled, prospective clinical

www.md-journal.com

trials involving the duration and degree of hypothermia should be
performed. A cut-off point for temperature under conditions of
anesthesia might also be explored.
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