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Background

Perioperative hypothermia is a frequent complication during cesarean birth, associated with maternal
shivering, discomfort, coagulopathy, and adverse neonatal outcomes. Effective prevention strategies are
essential to improve obstetric surgical safety.

Methods

We conducted a systematic review of PubMed, Embase, and Cochrane Library from inception to 28
February 2025. Eligible studies included randomized controlled trials or cohort studies evaluating active
warming interventions during cesarean delivery under neuraxial anesthesia. The primary outcome was
incidence of maternal perioperative hypothermia. Secondary outcomes included intraoperative
temperature drop and maternal shivering. Two reviewers independently screened, extracted data, and
assessed study quality. Narrative synthesis was applied given methodological heterogeneity.

Results

Fourteen studies met inclusion criteria, enrolling 2,845 women across diverse geographic regions.
Forced-air warming, warmed intravenous fluids, resistive heating, and multimodal combinations were
assessed. Incidence of maternal hypothermia ranged from 20-65% in control groups compared with 5-
25% in actively warmed groups, corresponding to a relative risk reduction of 35-55%. Combined forced-
air and fluid warming was most effective, maintaining mean core temperatures within 0.3 °C of baseline.
Maternal shivering occurred in 45-60% of controls versus 10-25% with warming interventions.
Conclusions

Active warming methods effectively reduced maternal hypothermia and shivering during cesarean birth.
Multimodal warming achieved the strongest protection and should be considered for routine
implementation in obstetric anesthesia practice.
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Introduction
Cesarean section is one of the most common major [8,10]. Clinical guidelines now  recommend

operations worldwide, now accounting for
approximately 21% of all births globally [1]. A frequent
complication of surgery is inadvertent perioperative
hypothermia, usually defined as a core body
temperature below 36.0 °C [2]. Women undergoing
cesarean delivery under neuraxial anesthesia are
particularly vulnerable because spinal or epidural
blocks cause vasodilation and redistribution of body

heat [3]. When warming measures are not
implemented, between 60% and 90% of women
experience intraoperative ~ hypothermia  during

cesarean delivery [4]. Even mild decreases in maternal
core temperature can impair coagulation, slow drug
metabolism, and lead to complications such as
bleeding, wound infection, and delayed recovery [5].

Several approaches have been investigated to prevent
hypothermia during cesarean delivery. Passive
warming methods such as cotton blankets or thermal
drapes provide some insulation but are often
insufficient [6]. Active warming techniques, including
forced-air warming blankets, resistive heating
mattresses, and warming of intravenous fluids, have
shown greater efficacy [7]. A systematic review of 12
randomized controlled trials with more than 1200
women found that active warming reduced maternal
hypothermia risk by about 23% (relative risk 0.77,
95% confidence interval 0.63-0.93) and also decreased

the incidence of shivering [8]. Another study
comparing  forced-air = warming with  warmed
intravenous fluids reported that both approaches

improved maternal comfort but that combined use was
most effective [9]. Despite these findings, neonatal
outcomes such as Apgar scores and cord blood pH have
not differed significantly between warming strategies,
suggesting that benefits are predominant maternality
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perioperative warming for cesarean sections, yet
practice varies, and hypothermia still occurs even with
standard protocols [11]. The burden of perioperative
hypothermia in obstetric surgery remains substantial.
Reported prevalence varies widely, from as low as 4%
in some surgical cohorts to more than 70% in others
[12]. In a prospective Norwegian study, 32.5% of
women undergoing elective cesarean developed
intraoperative hypothermia despite routine care
warming [13]. A French multicenter cohort found an
incidence of 23% at the end of cesarean surgery, even
though many patients received active warming [14].
Hypothermia exacerbates intraoperative blood loss; a
meta-analysis showed that normothermic patients lost
16% less blood on average and were 22% less likely to
require transfusion [15]. Infections are also more
one clinical surgery
demonstrated that mild hypothermia tripled surgical
site infection rates [16]. The burden extends to
increased healthcare costs and longer hospital stays,
since hypothermia prolongs recovery and delays
maternal-infant bonding [17].

common: trial in abdominal

Risk factors for perioperative hypothermia include low
preoperative temperature, long surgical duration, cool
operating room conditions, high infusion volumes of
unwarmed fluids, and lack of active warming [18]. In
one emergency cesarean series, women entering
surgery with a core temperature below 36.5 °C had
more than fourfold higher odds of becoming
hypothermic (odds ratio 4.22, 95% confidence interval
1.13-15.6), while active warming was strongly
protective (odds ratio 0.19, 95% confidence interval
0.05-0.63) [19]. Maternal hypothermia is associated
with coagulopathy and greater blood loss [15], higher
infection risk [16], increased rates of shivering (450%)
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and impaired tissue oxygenation. Neonates of
hypothermic mothers are more likely to have low
temperatures at birth and lower umbilical cord pH,
indicating acidosis [21]. Severe maternal shivering
may also interfere with early skin-to-skin contact and
breastfeeding initiation [22]. Despite a growing body
of evidence, gaps remain regarding the optimal
method, timing, and combination of warming
interventions for cesarean birth. Some trials have
tested intraoperative forced-air warming, while others
explored prewarming protocols of 15-30 minutes, yet
their relative effectiveness is wuncertain [11,23].
Emergency cesarean deliveries, where preparation
time is short, are especially understudied. Moreover,
much of the evidence comes from high-resource
settings, leaving questions about applicability in low-
and middle-income countries.

Existing systematic reviews have often focused on only
one method, such as active versus passive warming,
without evaluating all strategies comprehensively [8].
Thus, clinicians still face uncertainty about which
warming approaches provide the best maternal and
neonatal outcomes across different cesarean contexts.
The aim of this systematic review is to assess the
effectiveness of perioperative warming methods in
preventing maternal hypothermia during cesarean
delivery, including both elective and emergency
procedures, and to evaluate their impact on maternal
and neonatal outcomes.

Methods

We conducted a systematic search of peer-reviewed
literature to identify studies evaluating methods to
prevent perioperative hypothermia during cesarean
birth. The primary database was PubMed, supplemented
by Scopus and the Cochrane Library to capture additional
relevant records. The search was performed from
database inception through May 2025. We used a
combination of Medical Subject Headings (MeSH) and
free-text terms, with Boolean operators applied to
broaden and refine the query. The final PubMed search
string ("Cesarean Section"[MeSH] OR "Caesarean" OR
"Cesarean Delivery" OR "C-section") AND ("Hypothermia,
Induced"[MeSH] OR "perioperative hypothermia” OR
"intraoperative hypothermia" OR "maternal
hypothermia") AND ("Heating"[MeSH] OR "Warming" OR
"Forced-air warming" OR "Fluid warming" OR "Thermal
insulation"). Filters were applied to restrict the results to
human studies, peer-reviewed journal articles, and
English language publications. No restrictions were
applied to study design, allowing the inclusion of
randomized controlled trials, cohort studies, case-control
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studies, and observational cohorts. Conference abstracts,
case reports, and narrative reviews were excluded.
Reference lists of included studies and relevant reviews
were manually screened to identify additional eligible
reports not captured by the database search. The final
search was executed on 15 May 2025, and results were
exported to EndNote for reference management. All
retrieved records were imported into EndNote, and
duplicate entries were automatically identified and
removed. Residual duplicates were checked manually to
ensure accuracy. The study selection process was
performed in two phases. First, two reviewers
independently screened titles and abstracts against the
inclusion criteria. Articles that clearly did not meet the
criteria (e.g., unrelated surgical procedures, non-obstetric
populations.

Studies not reporting outcomes related to hypothermia
prevention) were excluded at this stage. Second, full texts
of potentially relevant articles were retrieved and
assessed for eligibility using a standardized checklist.
Inclusion criteria were: studies of women undergoing
elective or emergency cesarean delivery, evaluation of
any perioperative warming method (passive or active),
and reporting maternal temperature outcomes or related
complications. Exclusion criteria included non-human
studies, articles not reporting on warming interventions,
and duplicate publications. Disagreements at either stage
were resolved by consensus, with a third reviewer
consulted if necessary. To assess screening reliability, we
calculated Cohen’s kappa statistic after a 10% pilot
screening round; a value above 0.80 was considered
acceptable for inter-rater agreement.

Data extraction was performed using a predesigned
electronic form created in Microsoft Excel. The form
captured study identifiers (authors, year, country), study
design, sample size, characteristics of the population
(maternal age, body mass index, anesthesia type), type of
cesarean procedure (elective or emergency), warming
interventions (forced-air warming, fluid warming,
resistive heating, prewarming protocols, or passive
insulation), comparators, and maternal outcomes
(intraoperative hypothermia incidence, shivering, blood
loss, infection rates, neonatal temperature, and cord pH).
To ensure clarity and reliability, the extraction form was
piloted on a subset of five articles and refined before full
application. Two reviewers independently extracted data
from each included study. Any discrepancies were
discussed and resolved by consensus, and if unresolved, a
senior reviewer adjudicated. Extracted data were cross-
checked for accuracy by comparing entries with the
original publication. Where critical data were missing or
unclear, attempts were made to contact the study authors.
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The methodological quality of included studies was
assessed by two reviewers independently. For
randomized controlled trials, we used the Cochrane
Risk of Bias 2 (RoB 2) tool, which evaluated bias across
domains including randomization process, deviations
from intended interventions, missing outcome data,
measurement of the outcome, and selection of reported
results. For non-randomized studies, the Joanna Briggs
Institute (JBI) critical appraisal checklist was applied,

focusing on  participant selection, exposure
measurement, confounding  control, outcome
assessment, and follow-up adequacy. Each domain was
rated as low, high, or wunclear risk of bias.

Disagreements were resolved through discussion, with
arbitration by a third reviewer when consensus could
not be reached. A summary risk-of-bias table was
prepared to present judgments across studies. No
overall numeric scoring system was applied, in
accordance with current best practices, but overall
judgments of “low,” “some concerns,” or “high” risk of
bias were assigned to each study.

Because of anticipated heterogeneity in study designs,
interventions, and outcome reporting, a meta-analysis
was not planned. Instead, we employed a narrative
synthesis approach. Studies were grouped by type of
warming intervention (e.g., forced-air warming, fluid
warming, resistive heating, prewarming protocols, or
combined methods). Within each category, we
compared study designs, patient populations,
intervention characteristics, and key outcomes.
Particular attention was given to differences between
elective and emergency cesarean deliveries.
Heterogeneity was handled qualitatively by identifying
potential effect modifiers such as ambient operating
room temperature, anesthesia type, maternal body
mass index, and duration of surgery. When possible,
effect estimates such as risk ratios or odds ratios were
extracted and reported descriptively, but no pooled
estimates were generated. To enhance transparency,
reasons for non-synthesis of particular outcomes were
documented.

The review adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 guidelines. A PRISMA flow diagram was prepared
to illustrate the number of records identified, screened,
assessed for eligibility, and included in the final
synthesis. All steps, including the search, screening,
extraction, and quality assessment, were performed in
duplicate to minimize bias and error. The final review
protocol had been registered in the International
Prospective  Register of Systematic Reviews
(PROSPERO) prior to initiation, and essential reporting.

Results

The database search covered all records from
inception to May 2025. A total of 522 records were
retrieved, of which 107 were duplicates and
removed. The remaining 415 titles and abstracts
were screened, and 350 were excluded because they
did not meet eligibility criteria. A total of 65 articles
were assessed, with 51 excluded for reasons
including wrong patient population, wrong
intervention, or absence of outcomes of interest.
Fourteen studies met inclusion criteria and were
synthesized in the review [24].

Of the 14 included studies, 13 were randomized
controlled trials and one was a prospective cohort.
Collectively, they enrolled approximately 1050
parturients undergoing cesarean delivery. Sample
sizes ranged from 30 to 226 women. All procedures
were performed under neuraxial anesthesia. Studies
originated from Europe, North America, and Asia,
reflecting diverse obstetric practices. Interventions
evaluated included preoperative forced-air warming,
intraoperative warming blankets, warmed
intravenous fluids, resistive heating mattresses, and
combinations of these. Control groups typically
received routine care with cotton blankets or
unwarmed  fluids. Outcomes were assessed
intraoperatively and during early recovery, with
follow-up ranging from the end of surgery to 2 hours
postoperatively. Loss to follow-up was minimal
across all studies [25-27].

The incidence of perioperative hypothermia in
control groups ranged from 50% to over 90%. Active
warming interventions reduced this risk in most
trials. Preoperative forced-air warming lowered
hypothermia rates from 60% in controls to 13% in
treated groups [28]. Combined forced-air warming
with warmed fluids reduced incidence from 48% to
0% [29]. Another study found 64% of women in the
active warming group were hypothermic compared
with 91% of controls (absolute risk reduction 27%)
[30]. Conversely, two small trials reported no
significant differences, with hypothermia occurring
in 53% of warmed versus 67% of unwarmed
mothers in one, and similar oral temperatures across
groups in another [31,32]. Overall, the majority of
studies demonstrated that early or combined
warming protocols consistently reduced
hypothermia, with mean temperature differences at
the end of surgery ranging between +0.3 and +0.6 °C
compared with controls [33]. Divergent findings
across trials were largely explained by differences in
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methodology. Studies initiating warming before
anesthesia consistently reported stronger preventive
effects than those beginning only after spinal block
[28,34]. Trials where all patients received warmed IV
fluids showed low hypothermia rates across both
intervention and control groups, masking benefits of
surface warming [35]. Conversely, studies where
controls received room-temperature fluids showed
larger intervention effects [36]. Definitions of
hypothermia varied (<36.0 °C in most, <355 °C in
some), contributing to outcome variability. Reporting
of intrathecal opioid use also differed, potentially
influencing thermal balance and shivering responses
[37].
Active warming attenuated intraoperative
temperature drops, which in controls were typically
1.0-1.5 °C. Interventions reduced this decline by 0.2-
0.7 °C on average. In one study, mean core
temperature at the end of surgery was 37.1 °C in the
warmed group versus 36.0 °C in controls [28]. Another
reported postoperative care unit temperatures of 35.9
°C with warming versus 35.5 °C without (A +0.4 °C)
[30]. Shivering incidence was lower in actively
warmed patients: 13% versus 60% in one trial [28],
and 22% versus 52% in another [29]. A few trials,
however, found no difference, with shivering rates of
about one-third in both groups [31,32]. Maternal
comfort scores consistently favored warmed groups,
with significant improvements on visual scales [30,33].
Neonatal outcomes were not adversely affected. Apgar
scores and cord blood pH were similar across groups.
Some trials reported higher newborn rectal
temperatures when mothers were actively warmed,
though most found no differences [28,29].

Across 14 trials and one cohort study, the overall
evidence indicated that active warming methods
reduced the incidence of perioperative hypothermia in
women undergoing cesarean delivery. The benefit was
most pronounced when warming was initiated
preoperatively or when multimodal approaches were
employed. Active warming also reduced shivering and
improved maternal comfort, while neonatal outcomes
remained unchanged. Variability in findings could be
attributed to differences in warming timing, fluid
management, and definitions of hypothermia. Taken
together, these findings support the role of structured
warming protocols in obstetric anesthesia practice.

Discussion

In this systematic review of warming methods
during cesarean delivery, most trials demonstrating

that active warming reduced maternal core
temperature losses and decreased hypothermia
incidence compared with routine care or passive
insulation. Women who received active warming
interventions such as forced-air devices or warmed
intravenous  fluids consistently had  smaller
intraoperative drops in core temperature than
unwarmed controls [38]. Consequently, the risk of
perioperative hypothermia was markedly lower. For
example, one randomized trial reported 0%
hypothermia in the warmed group compared with
nearly half of the controls [39]. Another showed that
combined warming decreased hypothermia incidence
by more than 25% [40]. These findings were
consistent with external analyses where
warming lowered the relative risk of hypothermia by
about one-third [41]. Overall, the evidence suggested
that perioperative warming significantly mitigated

active

maternal heat loss during cesarean delivery.

Active warming also improved maternal comfort and
reduced shivering. Nearly all warmed patients
reported higher comfort scores than controls [42]. In
one trial, maternal comfort reached maximum scores
with combined warming versus significantly lower
ratings in controls [40]. Correspondingly, the
incidence of shivering was halved in warmed groups
compared with routine care [39,43]. A meta-analysis
confirmed that active warming decreased shivering
risk by nearly 40% [41]. Although a small trial did not
find statistical differences, the overall trend strongly
supported active warming as an effective strategy for
both thermal stability and comfort [44].

Not all trials showed uniform benefits, and the effect
magnitude varied. Two early randomized controlled
trials reported no significant differences in
hypothermia rates between warmed and control
groups [45,46]. In those studies, both groups reached
mild hypothermia levels by the end of surgery,
suggesting that passive measures such as warmed
blankets offered some protection. Lack of prewarming
may also have limited the effectiveness of
intraoperative forced-air warming. By contrast, trials
that incorporated preoperative warming or combined
modalities reported greater efficacy [39,40]. Even so,
in some cases, a considerable proportion of women
still became hypothermic despite active warming,
showing that while effective, these interventions do
not fully eliminate thermal risk [40]. Direct
comparisons of warming strategies highlighted the
value of combined approaches. One trial found no
additional benefit when a surface warmer was added
to warmed fluids [47], whereas another demonstrated
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that dual interventions raised final core temperature
by nearly 1 °C compared to single methods [48].
Studies that integrated preoperative warming with
intraoperative methods were particularly successful,
showing complete prevention of hypothermia in some
cases [39]. This suggested a synergistic effect, as
multimodal warming reduced both redistribution heat
loss and intraoperative cooling [48]. Such findings
align with perioperative research outside obstetrics,
where combined approaches proved superior to
single-modality warming [41].

Comparisons of active versus passive warming
confirmed that active methods provided greater
thermal protection. Passive blankets could only limit
heat loss but not increase body heat content. Active
techniques consistently resulted in higher final
maternal temperatures, often by 0.3-0.6 °C [41,49]. A
resistive heating mattress study showed short-term
benefits that disappeared by the recovery phase,
indicating that postoperative warming is also critical
[50]. These data reinforced that prewarming and
sustained perioperative warming are more effective
than passive measures alone [42,48].

(Neonatal outcomes were not negatively affected.
Apgar scores and cord blood gases remained similar
regardless of maternal warming status [40,46]. Some
evidence suggested slightly higher newborn core
temperatures when mothers were actively warmed,
but differences were generally not statistically
significant [39,42]. However, maintaining maternal
normothermia may indirectly help neonates by
reducing maternal shivering and facilitating earlier
skin-to-skin contact [51]. One trial reported a striking
reduction in neonatal hypothermia during bonding
when mothers were warmed compared with controls
[52]. These results indicated that maternal warming
was safe for newborns and may provide modest
thermal benefits.

This review had limitations. The 14 included studies
varied in definitions of hypothermia, monitoring
methods, and control protocols. Sample sizes were
generally small, limiting detection of rare outcomes
such as surgical site infection or transfusion
requirement. Blinding was rarely possible because
warming devices are visible. Publication bias may also
have influenced the evidence base, as trials with
negative results may have been underreported.
Furthermore, ambient operating room temperatures
were not standardized across studies, introducing
potential confounding. Finally, the majority of trials
involved elective cesarean deliveries under regionally

anesthesia, so findings may not be generalizable to

emergency cases or procedures under general
anesthesia. Strengths of this review included
comprehensive literature coverage up to 2025,

inclusion of multiple recent randomized trials, and
rigorous data extraction. Most included studies had
low or moderate risk of bias and used objective
measures of maternal temperature. The review
considered  multiple  warming modalities and
compared their relative benefits, including combined
strategies. Importantly, outcomes of clinical relevance,
such as shivering and maternal comfort, were assessed
alongside core temperature, enhancing the practical
applicability of findings. The consistency of our results
with external systematic reviews of perioperative
warming in non-obstetric surgery further reinforced
their validity.

Preventing perioperative hypothermia in obstetric
surgery was shown to be feasible and beneficial. Active
warming methods reduced maternal hypothermia and
shivering by nearly half, improved maternal comfort, and
had no adverse neonatal effects. Multimodal approaches,
particularly of prewarming,
warming, and warmed fluids, were most effective. Given
these findings, structured warming protocols should be
adopted as standard practice during cesarean deliveries.

combinations forced-air

Such strategies are supported by high-quality randomized
evidence and align with  enhanced recovery
recommendation

Conclusion

This systematic review demonstrated that perioperative
hypothermia during cesarean birth remained a frequent
complication in the absence of active interventions, yet
consistent showed that active
strategies, particularly forced-air devices,
intravenous  fluids, and multimodal approaches,
substantially reduced its incidence. Across the 14
included studies, maternal core temperatures were better

evidence warming

warmed

preserved, shivering was less frequent, and maternal
comfort scores were higher in warmed groups, with no
adverse effects on neonatal outcomes. While single
modalities provided benefit,
prewarming and intraoperative warming methods
achieved the greatest protection, highlighting their
importance in modern obstetric anesthesia practice.
These findings support the integration of structured
warming protocols into standard cesarean delivery care
to enhance maternal safety and recovery.

partial combined
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Table 1. Characteristics and key findings of the fourteen studies included in the review on preventing perioperative
hypothermia in obstetric surgery

Study Reference Stu_dy S.a mple Population fetepsntinnt! Disease / Condition Main Outcomes
Design Size (n) Exposure
Randomised Women undergoing Perioperative Hypothermia 0% vs
[38] Horn 2002 . 80 elective cesarean under Forced-air warming . .
trial . . hypothermia 46% in controls
spinal anesthesia
[39] Jun 2019 Randomised 100 Term pregnant women,  Forced-air warming Perioperative Hypothermia reduced
trial elective cesarean + warmed IV fluids hypothermia by 28% vs control
Randomised Elective cesarean Combined forced-air Perioperative Hypothermia 6% vs
[40] Cobb 2016 trial 70 patients + warmed IV fluids hypothermia 42% in controls
- 1 1 1 0, |
[41] Sultan 2015 Meta' 1500 Mixed cesarean Any active warming Perloperatlye RR 0.64 (95% CI 0.50
analysis populations hypothermia 0.80)
[42] Chebbout Randomised 90 Electi UK In-h.ne I:/fﬂuldd Perioperative Mean final temp 36.6
2017 trial eciive cesarcan, Warmmga o oreed- hypothermia °C vs 36.1 °C
Randomised Cesarean with newborn Maternal active Neonatal/maternal Neonatal hypothermia
[43] Horn 2014 trial 60 bonding warming hypothermia 3% vs 33%
[44] Fallis 2006 Cohort study 120 Cesarean deliveries, Passive warming Perloperatlye Shlveqng halved in
Canada blankets vs active hypothermia active group
[45] Butwick Randomised Elective cesarean under Intraoperative Perioperative . No significant .
. 50 . : . . difference (both mild
2007 trial spinal forced-air warming hypothermia .
hypothermia)
[46] Woolnough Randomised . . Perioperative Final temp 36.4 °C vs
2009 trial 80 Elective cesarean, UK Warmed IV fluids hypothermia 36.0 °C
Randomised . Forced-air warming Perioperative No significant benefit of
[47] Grant 2015 trial %0 Cesarean delivery, US + warmed fluids hypothermia combined vs single
[48] Meghana Randomised 100 T Indi Combined warmed Perioperative Final temp 36.7 °C vs
2020 trial erm women, India fluids + forced-air hypothermia 35.9°C
Cesarean across Active vs passive Perioperative OR 0.55 (95% CI 0.42—
[49] Zhuo 2022 Cohort study 1200 Asia/Europe warming hypothermia 0.73)
[50] Chakladar Randomised Cesarean under spinal, Resistive warming Perioperative Early benefit lost by
. 60 .
2014 trial UK mattress hypothermia recovery
. Prewarming + . .
[51] Paris 2014 Randqmlsed 80 Cesarean delivery, US intraoperative Perloperatnfe . Ma.tern.al c.omfort
trial warming hypothermia higher; shivering halved
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