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Objective: To determine whether hypothermia during Cesarean delivery is a risk factor for postoperative
infection.
Methods: An historical cohort investigation was conducted on all women delivered by Cesarean at our center
during 2001. Initial recovery-room temperature, taken via the oral or axillary route, was used as a surrogate
for intraoperative temperature. Adding 0.5°C to axillary temperatures generated oral temperature equivalents.
Women with chorioamnionitis were excluded, as were those with an initial recovery-room temperature that
exceeded 37.9°C or was recorded more than 20 minutes after the end of surgery. Prophylactic antibiotics
(cefazolin, 1 g) were given during Cesarean delivery.
Results: A total of 42 women (7.6%) were diagnosed with postoperative infections. Infections included
endometritis (n = 25), wound abscess (n = 7), wound cellulitis (n = 7) and urinary tract infection (UTI) (n = 4).
No cases of septic pelvic thrombophlebitis or pelvic abscess occurred. One woman had both endometritis and a
UTI. Mean temperatures were higher, rather than lower, for women who subsequently had postoperative
infections compared with those who did not (36.4 ± 0.8°C vs. 35.9 ± 0.7°C; p < 0.001). Mean temperatures
for the various postoperative infections were as follows: endometritis, 36.5 ± 0.8°C (p < 0.001 vs. uninfected
group); wound abscess 36.0 ± 0.8°C (p = 0.63); wound cellulitis, 36.3 ± 0.6°C (p = 0.14); UTI, 36.7 ± 0.9°C
(p = 0.04).
Conclusions: Women who develop post-Cesarean infections have higher initial recovery-room temperatures
than those who do not develop such infections. This suggests the presence of subclinical infection at the time
of Cesarean. Evaluating whether intraoperative warming has any role during Cesarean delivery requires a
randomized clinical trial.
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Cesarean delivery is the most common indication
for laparotomy in the USA1. In 2001, 24.4% of
all deliveries in this country were by Cesarean2.
Therefore more than one million Cesareans are
now performed in the USA each year. The likeli-
hood of post-Cesarean infection varies widely,
depending on sociodemographic factors and
whether the Cesarean was performed before or
after labor and/or rupture of the membranes. The

incidence of endometritis after Cesarean delivery is
5–20%3, and the rate of wound infection is
2–16%4. These infections occur despite the use of
prophylactic antibiotics. Therefore, each year tens
of thousands of gravidas in this country develop
post-Cesarean infections.

Intraoperative hypothermia may increase the
incidence of postoperative infections. Thermo-
regulatory vasoconstriction occurs as a result of

Infect Dis Obstet Gynecol 2003;11:75–80

Correspondence to: Rodney K. Edwards, MD, MS, Department of Obstetrics and Gynecology, University of Florida College of
Medicine, PO Box 100294, 1600 SW Archer Road, Gainesville, FL 32610-0294, USA. Email: edwardsr@obgyn.ufl.edu

 2003 The Parthenon Publishing Group 75

Color profile: Disabled
Composite  Default screen



intraoperative hypothermia5. Vasoconstriction
decreases the partial pressure of oxygen in tissues
and decreases resistance to infection in animals6,7.
The production of free radicals by leukocytes
is oxygen dependent over the range of partial
pressures of oxygen that are found in wounds8. In
addition, hypothermia can adversely affect other
functions of leukocytes that are involved in
destroying microbes, such as chemotaxis, phago-
cytosis and antibody production9. In a guinea-pig
model, mild hypothermia during anesthesia has
been shown to decrease resistance to infection
with Escherichia coli and Staphylococcus aureus10,11.
Finally, a randomized controlled trial in humans
has demonstrated a decrease in the rate of wound
infection in patients undergoing colorectal surgery
from 19% in the standard care group to 6% in
the group that received additional warming
measures (p = 0.009)12.

If intraoperative hypothermia is associated
with increased rates of post-Cesarean infections,
intraoperative warming might result in a substan-
tial decrease in morbidity and cost of care, owing
to the prevalence of Cesarean delivery and the
relatively inexpensive nature of the measures that
are utilized to warm a patient who is undergoing
laparotomy. The objective of this investigation was
to evaluate whether hypothermia during Cesarean
delivery is a risk factor for postoperative infection.

SUBJECTS AND METHODS

An historical cohort investigation was conducted
on all women delivered by Cesarean at Shands
Hospital at the University of Florida from 1
January to 31 December 2001. Patients who
underwent Cesarean delivery were identified from
the obstetric database maintained by the Division
of Maternal–Fetal Medicine. The medical records
of these women were obtained and reviewed.
The study was approved by the University of
Florida Health Center Institutional Review
Board.

Demographic data and details of the labor,
delivery and postpartum course were abstracted
from these records and entered into a relational
database (Access 2000, Microsoft Corporation,
Redmond, WA). SAS Version 8.0 (SAS Institute,
Cary, NC) was utilized for statistical analysis. The

unpaired Student’s t-test was used for continuous
data. Categorical variables were analyzed using
Chi-square or Fisher’s exact test, as appropriate. All
statistical tests were two-tailed, and utilized an
alpha value of 0.05.

The initial recovery-room temperature accu-
rately reflects intraoperative temperature status12.
We used the initial recovery-room temperature,
taken via the oral or axillary route, as a surrogate
for intraoperative temperature. Adding 0.5°C to
axillary temperatures generated oral temperature
equivalents13,14. The mean oral (or equivalent)
temperature was the primary outcome variable.

Exclusion criteria were as follows: clinical
diagnosis of chorioamnionitis at the time of
Cesarean; intrapartum temperature over 37.9°C
but no other diagnostic criteria for chorio-
amnionitis; initial recovery-room temperature
over 37.9°C; initial recovery-room temperature
recorded more than 20 minutes after the end of
surgery. All women received prophylaxis against
post-Cesarean infections with cefazolin, 1 g
administered intravenously, after the umbilical
cord was clamped. For women undergoing
Cesarean delivery after labor or rupture of the
membranes, a second dose was given 8 hours later.
Women with a history of allergy to β-lactam anti-
biotics or cephalosporins received a single injec-
tion of gentamicin and clindamycin instead of
cefazolin.

Subjects were considered to have had endo-
metritis if they developed an oral temperature
of 38.0°C or higher more than 4 hours post-
operatively, had no signs of infection at sites
other than the uterus, and were treated with anti-
biotics for this indication. Those women who
were treated with antibiotics during the post-
operative period for a ‘wound infection’ were
considered to have either a wound abscess or
wound cellulitis. The former category was utilized
for those subjects in whom the wounds were
opened and purulent fluid was encountered. The
latter category was utilized for those subjects who
had documented induration and warmth at the
wound site but no purulent discharge from
the wound. Subjects who had dysuria and a
urine culture showing > 100 000 colonies/ml of a
single uropathogen were classified as having
a urinary tract infection (UTI).
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RESULTS

During the study period, a total of 657 women
were delivered by Cesarean. Women were
excluded from the cohort because of missing
charts (n = 18), chorioamnionitis (n = 55), intra-
partum temperature over 37.9°C but no other
criteria for diagnosing chorioamnionitis (n = 2),
initial recovery-room temperature over 37.9°C
(n = 8) or initial recovery-room temperature
having been obtained more than 20 minutes after
the end of surgery (n = 25). The cohort consisted
of the remaining 555 women. In total, 42 women
(7.6%) had postoperative infections. The distribu-
tion of these infections was as follows: endo-
metritis, n = 25; wound abscess, n = 7; wound
cellulitis, n = 7; UTI, n = 4. No cases of septic
pelvic thrombophlebitis or pelvic abscess
occurred. One woman had both endometritis and
a UTI. The demographic data are shown in
Table 1, and the data on labor and intraoperative
course are presented in Table 2.

Table 3 shows the mean initial recovery-room
temperatures for the infected and uninfected
groups. The initial recovery-room temperature
was taken via the oral route for all but 17 subjects;

the latter subjects had their temperatures taken via
the axillary route. One of the subjects whose initial
recovery-room temperature was taken via the
axillary route later developed endometritis. The
other 16 subjects were in the uninfected group.
Mean temperatures were higher, rather than
lower, for women who subsequently had post-
operative infections compared with those who did
not. Of the eight women who were excluded
because their initial recovery-room temperature
was over 37.9°C, five developed puerperal
endometritis and one developed wound cellulitis.

DISCUSSION

Our study design has some limitations. During
data collection, all subjects’ medical records were
reviewed no less than 60 days after discharge from
the delivery hospitalization. Therefore subjects
who developed postoperative infections after
hospital discharge and then presented to the
emergency department for evaluation were still
detected as having postoperative infections. How-
ever, subjects who presented to another facility
for treatment of postoperative infections would
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Variable Infected (n = 42) Uninfected (n = 513) p-value

Age (years)
Height (inches)
Weight (pounds)
Gestational age (weeks)
Nulliparous
Race

White
Non-white

Diabetic
No
Gestational
Pregestational

Hypertension
No
Chronic
Pre-eclampsia/eclampsia

Preoperative hematocrit (%)
Neonatal birth weight (g)
Male neonate

24.8 ± 6.5
63.9 ± 3.5
200 ± 49
37.0 ± 4.4

66.7

59.5
40.5

85.7
14.2

0

78.6
2.4

19.0
33.8 ± 4.1

3039 ± 898
48.7

27.2 ± 6.8
64.0 ± 2.8
195 ± 51
36.7 ± 3.8

36.3

57.7
42.3

84.0
13.3

2.7

78.4
2.3

19.4
34.1 ± 3.7

3024 ± 925
55.0

0.03
0.83
0.55
0.64

< 0.001
0.68

0.75

0.89

0.65
0.92
0.45

Data are presented as mean values ± standard deviation or proportion of n. Due to rounding, some category proportions do not total
exactly 100%

Table 1 Demographic data
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not have been detected. In addition, we cannot
account for the effect of type of anesthesia on the
initial recovery-room temperature. However,
almost all of the subjects in this study (n = 524;
94.4%) had their Cesarean deliveries performed
under epidural or spinal anesthesia.

Our study failed to show an association between
intraoperative hypothermia and an increased
likelihood of post-Cesarean infections. In contrast,
the uninfected group on average had lower initial
recovery-room temperatures. One other study has
evaluated the association between intraoperative

hypothermia and post-Cesarean infection, specifi-
cally wound infection. Munn et al.13 performed a
case–control study that compared mean initial
recovery-room core temperatures (derived by
adding 0.5°C to the oral temperature) in women
who had post-Cesarean wound infections and in
controls matched for age, weight, presence of
gestational hypertension and duration of surgery.
In their study, the mean initial recovery-room
core temperature was 36.3°C in the women who
had wound infections and 36.6°C in the controls
(p = 0.8). Munn et al.13 speculated that their results
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Variable Infected (n = 42) Uninfected (n = 513) p-value

In labor
Total number of vaginal examinations
Vaginal examinations after ROM
Duration of ROM (hours)
Duration of IM (hours)
Meconium-stained fluid
GBS prophylaxis
Duration of Cesarean (minutes)
Emergent Cesarean
Intraoperative FIO2 (%)
Estimated blood loss (ml)
Time between end of surgery and initial
recovery-room temperature (minutes)
Skin incision

Transverse
Vertical

Uterine incision
Low transverse
Classical

85.7
5.5 ± 4.2
4.0 ± 3.6

35.1 ± 97.7
4.6 ± 5.4

31.0
21.4

46.0 ± 14.9
9.5

31.4 ± 11.5
812 ± 220
9.6 ± 5.1

92.9
7.1

97.6
2.4

50.3
2.2 ± 3.0
1.2 ± 2.1
9.9 ± 66.8
1.5 ± 3.5

11.5
17.3

48.5 ± 13.8
9.2

33.5 ± 17.9
788 ± 223
8.1 ± 4.6

86.3
13.7

96.5
3.5

< 0.001
< 0.001
< 0.001

0.02
< 0.001
< 0.001

0.44
0.27
0.94
0.45
0.50
0.07

0.23

0.70

Data are presented as mean values ± standard deviation or proportion of n. ROM, rupture of membranes; IM, internal monitors;
GBS, group B streptococcus; FIO2, fraction of inspired oxygen. The duration of the Cesarean was the difference between the ‘begin
surgery’ and ‘end surgery’ times as recorded on the anesthesia flow record

Table 2 Data on labor and intraoperative course

Group n
Initial recovery-room

temperature (°C) Range (°C) p-value

Uninfected
Total infected
Endometritis
Wound abscess
Wound cellulitis
Urinary tract infection

513
42
25

7
7
4

35.9 ± 0.7
36.4 ± 0.8
36.5 ± 0.8
36.0 ± 0.8
36.3 ± 0.6
36.7 ± 0.9

32.5–37.9
34.9–37.9
35.0–37.9
34.9–37.0
35.3–37.0
35.4–37.4

Reference
< 0.001
< 0.001

0.63
0.14
0.04

Data are presented as mean values ± standard deviation

Table 3 Initial recovery room temperatures
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may have differed from those in the study of
patients who underwent colorectal surgery12, due
to differences in operating time between Cesarean
delivery and colorectal surgery (resulting in lower
mean intraoperative temperatures in the control
group of colorectal surgery patients) and differ-
ences between gravidas and patients undergoing
colorectal surgery.

Although those factors may have contributed
to the differences in the results, the findings of
our study suggest a different reason. We found
a higher rather than lower mean initial
recovery-room temperature in the group that
developed post-Cesarean infections compared
with the group that did not. This result leads us to
conclude that the women who developed post-
operative infections had subclinical chorio-
amnionitis at the time of Cesarean delivery,
resulting in a relatively higher mean initial
recovery-room temperature. Previous studies
have shown that women who develop postpartum
endometritis often have positive amniotic fluid
cultures at the time of Cesarean delivery15–17. In

addition, many of the risk factors for chorio-
amnionitis (number of vaginal examinations
during labor, and duration of labor, ruptured
membranes and internal monitoring) have also
been shown to be risk factors for post-Cesarean
wound infection18.

Because there is no way to adjust for the effect
of differences in bacterial contamination rates
between patients, evaluation of any possible role
of intraoperative warming during Cesarean
delivery will require a randomized clinical trial.
This type of design would also provide for
balance between groups with regard to other
potentially confounding factors, such as anes-
thesia type and volume and the temperature
of intravenous fluid administered. Such a trial
could evaluate warming via intravenous fluids
and/or conduction warmers. If intraoperative
warming was found to be effective in decreasing
the rate of postoperative infections (as it is in
colorectal surgery patients), this approach may be
a cost-effective way to improve outcomes for
our patients.
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