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Response/Recommendation:

The available evidence was inconclusive for maintaining normothermia as a measure to reduce
the risk of SSI/PJI, and fracture-related infection (FRI) in adult patients undergoing major
orthopedic surgeries. However, we suggest maintaining normothermia primarily as a measure to
reduce the risk of 30-day mortality in major orthopedic surgeries.

Strength of recommendation: Limited

Delegate Vote:

Rationale:

Inadvertent perioperative hypothermia has been associated with clinical complications
such as surgical site infection, increased bleeding, and cardiovascular events [1-3]. Several well-
designed studies have attributed a substantial decrease in SSI rates in colorectal and non-
orthopaedic clean surgeries to normothermia [4,5]. Therefore, current guidelines [1-3]
recommend maintaining perioperative normothermia to reduce the risk of SSIs and other
complications associated with surgery. There is a paucity of published literature regarding
normothermia in orthopaedic procedures, however.

We conducted a meta-analysis to clarify the efficacy of normothermia over hypothermia
in reducing SSI in major orthopaedic surgery, including spine surgery, fracture surgery and joint
arthroplasty. Following ICM guidance, we searched MEDLINE (via PubMed), CENTRAL, and
EMBASE for all RCTs and observational studies including longitudinal/cohort studies, case-
control studies, controlled before-and-after studies, and cross-sectional studies published through
Nov 2024 that reported the outcome of the surgical patients. We included all adult patients with
primarily closed surgical incisions after spine surgery, trauma/fracture surgery, and joint
arthroplasty of any joint, both with or without implants. We also included fracture fixation for
open fracture if the wound was primarily closed as well as outpatient, emergent, elective, and
revision surgery.

Of the 1,353 articles that were subjected to title and abstract screening, we shortlisted 43
articles for full-text screening. We excluded 33 articles and added 1 article per a hand search. The
remaining 11observational studies were included in our final analysis [6-16]. Meta-analysis was
performed using R version 4.4.1. When both crude and adjusted ORs were reported in the
original articles, adjusted ORs were used for the main synthesis. We used a random-effects
model. Risk of bias was evaluated using the Quality In Prognosis Studies (QUIPS) tool [17] for
observational studies. We used GRADE (Grading of Recommendations Assessment,
Development and Evaluation) to evaluate the certainty of the evidence and created a summary of
findings table to describe the results [18].

Eleven observational studies comparing normothermia vs. hypothermia with an outcome
of SSI/PJI/FRI were evaluated. Evidence was available from various countries including Mexico,
Japan, France, USA, China, Canada, UK, and Italy on various surgical procedures including



spinal procedures, total hip/knee/shoulder arthroplasty, osteotomies for deformity corrections,
arthroscopy, fracture surgeries, bone tumor resections, and soft tissue surgeries. All studies were
published between 1999 and 2024. The definition of normothermia varied among studies ranging

from >35-36.5°C. Four studies used CDC’s criteria for the definition of SSI/PJI [10-12,14]

whereas 2 studies did not describe their definition [7,9]. The follow-up period varied among
studies.

Based on our analysis, hypothermia failed to show an association with increased
incidence of all SSI/PJI/FRI in patients undergoing major orthopedic surgeries with primarily
closed surgical incisions as compared to normothermia (OR 1.22; 95% CI 0.78-1.92, very low
certainty of the evidence). The evidence, however, was interpreted as inconclusive given the
large heterogeneity (I> of 69%) and wide confidence intervals that included both clinically-
relevant and non-relevant effects. The possible influence of publication bias was considered to be
small given that the comparison-adjusted funnel plot did not show significant asymmetry
(Egger’s test: P=0.27). This finding was consistent with our sensitivity analyses including studies
with >30 days follow up (OR 1.22; 95% CI 0.78-1.92), and when including studies with
multivariate analysis only (OR 1.31; 95% CI 0.72-2.35). Similar results were seen in our
subgroups focusing on clean surgery (OR 1.14; 95% CI 0.65-2.00), definition of normothermia

of >36°C, high income country, middle income country, and elective surgery. Only trauma

surgery showed a significant association with increased incidence of SSI/FRI with hypothermia
(OR 2.41; 95% CI 1.49-3.91).

For the secondary outcomes, which were based on very low-certainty evidence, the
results were inconclusive as to whether hypothermia was associated with an increased incidence
of superficial SSI, deep & organ/space SSI, urinary tract infection, respiratory tract infection,
cerebral cardiovascular events, and blood transfusion. Hypothermia was, however, significantly
associated with all-cause death within 30 days after surgery with low certainty of the evidence
(OR 4.55; 95% CI1 2.26-9.18).

Although the results were inconclusive for the association between hypothermia and
increased SSI incidence in the overall population, the results showed that maintaining
normothermia was significantly associated with decreased risk of 30-day mortality in major
orthopedic surgery. Therefore, despite the uncertainty regarding impact on SSI, we recommend
following the general principle of maintaining normothermia recommended in various guidelines
[1-3] for major orthopedic surgeries in adults.

There are several limitations to this meta-analysis. First, all of the studies evaluated were
observational studies with various definitions for SSI and normothermia with various follow up
periods. These heterogeneities and the nature of observational studies may have affected our
results. Second, although there was a significant association with 30-day mortality, the number of
observational studies evaluating mortality was very limited. Third, as we did not include a
pediatric population, reproducibility and generalization of this population may be limited.
Fourth, there are three important phases (pre-, intra-, and post-operative) for maintaining
normothermia, but the association between these phases were not evaluated. Fifth, there are
several active body surface warming systems considered useful for preventing inadvertent
hypothermia, but the effect of these different systems was not evaluated.

Conclusion:

Based on our results, we suggest maintaining normothermia primarily as a measure to
reduce the risk of 30-day mortality in adult patients undergoing major orthopedic surgeries. The
evidence for maintaining normothermia to prevent SSI/PJI/FRI was inconclusive. Therefore,



more robust, well-designed trials with larger sample sizes and standardized surgical protocols
(eg. same definition for normothermia/SSI and adequate follow-up period) are needed to further
evaluate the effectiveness of SSI prevention.
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