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The number of breast reconstruction proce-
dures has grown significantly over the past 
few decades, with an estimated 137,808 

cases in 2020, according to the American Society 
of Plastic Surgeons.1 Most procedures involve 

placement of an implant (75%) and are performed 
in the immediate postmastectomy setting (77%).1 
As with all surgical procedures, implant-based 
breast reconstruction carries a risk of postopera-
tive surgical-site infection (SSI), but its incidence 

	

Background: Infection following implant-based breast reconstruction can lead 
to devastating complications. Risk factors for infection include smoking, diabe-
tes, and obesity. Intraoperative hypothermia may represent another modifiable 
risk factor. This study analyzed the effect of hypothermia in postmastectomy 
immediate implant-based reconstruction on postoperative surgical-site infec-
tion (SSI).
Methods: This was a retrospective review of 122 patients with intraoperative 
hypothermia, defined as less than 35.5°C, and 106 normothermic patients 
who underwent postmastectomy implant-based reconstruction between 2015 
and 2021. Demographics, comorbidities, smoking status, hypothermia (and its 
duration), and length of surgery were collected. The primary outcome was SSI. 
Secondary outcomes included reoperation and delayed wound healing.
Results: A total of 185 patients (81%) underwent staged reconstruction with 
tissue expander placement and 43 patients (18.9%) had a direct-to-implant 
procedure. Over half (53%) of the patients experienced intraoperative hypo-
thermia. In the hypothermic group, a higher proportion of patients had SSIs 
(34.4% versus 17% of normothermic patients; P < 0.05) and wound healing 
complications (27.9% versus 16%; P < 0.05). Intraoperative hypothermia pre-
dicted SSI (OR, 2.567; 95% CI, 1.367 to 4.818; P < 0.05) and delayed wound 
healing (OR, 2.023; 95% CI, 1.053 to 3.884; P < 0.05). Longer duration of hypo-
thermia significantly correlated with SSI, with an average 103 minutes versus 77 
minutes (P < 0.05).
Conclusions: This study demonstrates that intraoperative hypothermia is a sig-
nificant risk factor for postoperative infection in postmastectomy implant-based 
breast reconstruction. Maintaining strict normothermia during implant-based 
breast reconstruction procedures may improve patient outcomes by reduc-
ing the risk of postoperative infection and delayed wound healing.   (Plast. 
Reconstr. Surg. 153: 35, 2024.)
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can be quite high: 5% to 35%.2,3 Studies have 
shown that the incidence of infection is higher in 
immediate postmastectomy implant placement, 
which is thought to be because of colonization of 
the implant by native flora of the breast nipple 
and ducts.3,4

SSI can have a devastating impact on breast 
reconstruction. In addition to systemic illness and 
the potential need for prolonged antibiotic ther-
apy, these infections can significantly increase hos-
pital-associated costs, delay oncologic treatments, 
and even lead to implant loss.3,5,6 Subclinical SSI 
has also been implicated in the pathogenesis of 
capsular contracture, which is a leading cause of 
revision surgery.3,7 Many risk factors for SSI have 
been identified in implant-based reconstruction, 
including smoking, radiation therapy, chemo-
therapy, diabetes, and obesity.8,9 However, one 
common risk factor that has not been evaluated 
extensively in implant-based breast reconstruc-
tion is intraoperative hypothermia.

Perioperative normothermia has been shown 
to decrease SSI in colorectal cancer operations 
and in general surgery patients, including those 
undergoing breast surgery.8,10 Close intraopera-
tive temperature regulation has become part of 
the definition of high-quality surgical care and is 
recommended in the World Health Organization 
Guidelines for Safe Surgery to reduce the risk of 
coagulopathy and SSI.11 Mechanisms for hypo-
thermia-related SSI have been evaluated and are 
thought to be related to anesthesia-induced cen-
tral thermoregulatory center depression followed 
by compensatory peripheral vasoconstriction to 
shunt blood centrally. This reduces blood flow 
at the surgical site, impedes wound healing and 
immune system function, and ultimately contrib-
utes to an increased risk of postoperative wound 
infections.12–15 This motivated our present study, 
which aimed to clarify the relationship between 
intraoperative hypothermia and SSI in implant-
based breast reconstruction.

PATIENTS AND METHODS
Following institutional review board approval, 

a retrospective chart review of 228 consecutive 
patients undergoing mastectomy with immedi-
ate implant-based breast reconstruction at our 
institution from 2015 to 2021 was performed. 
These cases were performed by six plastic sur-
geons and four surgical oncologists at our insti-
tution. Inclusion criteria were women older than 
18 years undergoing mastectomy and immediate 
implant-based reconstruction, those who had 

general anesthesia, and those who had intraop-
erative temperature data available. Exclusion cri-
teria included patients for whom temperature was 
not recorded, patients with follow-up less than 90 
days, inmates, and patients younger than 18 years.

Demographic information was collected, 
including age at surgery, body mass index (BMI), 
cancer stage at surgery, smoking status, hyperten-
sion, diabetes, American Society of Anesthesiologists 
(ASA) physical status classification, and indication 
for mastectomy. Operative data, including type of 
reconstruction, laterality, length of operation, peri-
operative warming devices, perioperative prophy-
lactic antibiotics, surgical drains, lowest recorded 
intraoperative temperature, and length of time 
below 35.5°C. Intraoperative hypothermia was 
defined as less than 35.5°C for any period. The 
primary outcome evaluated was the incidence of 
postoperative infection, defined as any need for 
oral or intravenous antibiotics within 90 days after 
index surgery. The Centers for Disease Control and 
Prevention defines SSI as an infection that occurs 
within 30 days or up to 90 days when an implant is 
involved, which explains our use of the 90-day SSI 
timeline.16 Secondary outcomes included reopera-
tion within 90 days, wound healing complications 
defined as dehiscence and/or delayed healing, 
mastectomy skin necrosis, seroma, and hematoma.

Data were analyzed using SPSS (IBM Corp., 
Armonk, NY). Clinical outcomes and demo-
graphic data between the hypothermic and nor-
mothermic cohorts were compared by means of 
univariate analysis using the t test and analysis 
of variance. The chi-square test and Fisher exact 
test were used for categorical variables. A Firth-
type logistic regression model was constructed to 
elucidate the impact of covariate factors (eg, age, 
BMI, smoking) on postoperative outcomes. Odds 
ratios, 95 percent confidence intervals (CIs), and 
P values were calculated for each comparison. For 
all analyses, significance was defined as P < 0.05.

RESULTS
A total of 228 consecutive patients met inclu-

sion and exclusion criteria, and 122 (53%) were 
found to have experienced intraoperative hypo-
thermia (Fig. 1). Patient demographics and clini-
cal characteristics are summarized in Table  1. 
Overall, the average age of this patient population 
was 50 ± 12.2 years, with a range of 23 to 79 years, 
and most patients identified as white (53.9%) or 
black/African American (37.3%). The average 
BMI was 29.3 ± 6.5  kg/m2, with a range of 18.0 
to 49.3 kg/m2. Fourteen percent of patients had 
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a diagnosis of type 1 or type 2 diabetes melli-
tus, 35.5% had a diagnosis of hypertension, and 
61.8% of patients were never smokers; however, 
15.8% were current smokers and 22.4% were for-
mer smokers, defined as cessation at least 4 weeks 
before surgery. In addition, 60.1% had an ASA 
class of 1 or 2. With 39.9% of our patient popula-
tion having an ASA class of 3 or 4, it highlights 
that our patient population lends itself to having 
more uncontrolled disease. Our large academic 
center is also in an urban area with a high percent-
age of underserved patients, which contributes to 
a patient population with a higher incidence of 
moderate to severe uncontrolled diseases.

Most patients included in the study had 
a documented diagnosis of breast cancer 
(96.5%). Breast cancer type (ductal carcinoma 
in situ, invasive ductal carcinoma, invasive lob-
ular carcinoma), breast cancer stage, chemo-
therapy, and radiation therapy were recorded 
and were not significantly different between 
the two cohorts (Table  1). Apart from smok-
ing status, which was significantly lower in the 
normothermic group (P = 0.004), there were 
no significant differences in baseline charac-
teristics between those who experienced intra-
operative hypothermia and those who did not. 
There was a trend for older age (51.47 years 
versus 48.55 years) and lower BMI (28.52 kg/
m2 versus 30.12 kg/m2).

Table 2 summarizes operative characteristics. 
Most patients underwent bilateral reconstruc-
tion (61.8%), and 81.1% of patients received tis-
sue expanders. Acellular dermal matrix (ADM) 

was also used in most cases (93%). All patients 
received over-body forced-air warming and pre-
operative antibiotics according to our institu-
tion’s policy. All patients who had drains placed 
intraoperatively (222 of 228 patients) continued 
to receive postoperative antibiotics until drains 
were removed. The average length of surgery was 
277.8 ± 92.0 minutes (range, 79 to 546 minutes). 
There were no significant differences in these 
variables between hypothermic and normother-
mic cohorts. However, mean length of surgery 
was slightly longer in the hypothermic cohort 
(mean ± SD, 288.1 ± 92.8 minutes; range, 79 to 
546 minutes) compared with the normothermic 
cohort (266.0 ± 90.0 minutes; range, 110 to 523 
minutes). In the hypothermic cohort, the average 
length of time spent hypothermic (<35.5°C) was 
86 ± 54.7 minutes (range, 5 to 300 minutes).

Outcomes data are summarized in Table 3. A 
significantly higher proportion of patients with 
hypothermia had SSIs (34% versus 17%; P < 0.05) 
and delayed wound healing (27.9% versus 16%;  
P < 0.05) (Figs. 2 and 3). Both groups had a simi-
lar incidence of hematoma (6.6% versus 11.3%;  
P > 0.05), seroma (12.3% versus 16%; P > 0.05), 
mastectomy skin flap necrosis (12.3% versus 9.4%; 
P > 0.05), and unplanned reoperation within 90 
days (13.1% versus 13.2% for both; P > 0.05).

A Firth-type logistic regression model was 
constructed for univariate and multivariate 
analysis (Table  4). In the univariate analysis, 
intraoperative hypothermia predicted SSI (OR, 
2.567; 95% CI, 1.367 to 4.818; P< 0.05). This 
model was statistically significant [chi-square 
(1), 4.658; P < 0.05). Intraoperative hypother-
mia also predicted wound healing complications 
(OR, 2.023; 95% CI, 1.053 to 3.884; P < 0.05), 
which was also a statistically significant model 
[chi-square (1), 9.131; P < 0.05]. A univariate 
analysis demonstrated that smoking status pre-
dicted intraoperative hypothermia (OR, 2.406; 
95% CI, 1.231 to 4.702; P < 0.05) in a statistically 
significant model [chi-square (1), 8.387; P < 
0.05]. A multivariate logistic regression was per-
formed to ascertain the effects of hypothermia, 
age, BMI, smoking status, and delayed wound 
healing on postoperative SSI. The model was 
statistically significant [chi-square (6), 39.888; 
P < 0.05]. In the model, patients experiencing 
hypothermia were 2.4 times more likely to pres-
ent with postoperative infection, patients with 
increasing BMI had a slightly higher likelihood 
of presenting with postoperative infection, and 
patients with delayed wound healing were 5.4 
times more likely to present with postoperative 

Fig. 1. Percentage of patients experiencing intraoperative 
hypothermia.
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infection. In this model, age and smoking status 
did not significantly contribute.

Further analysis on the hypothermic 
cohort demonstrated that longer duration of 

hypothermia significantly correlated with SSI 
(Table  5). Patients who had a postoperative 
SSI were hypothermic for an average of 103 
± 55.0 minutes versus 77 ± 52.7 minutes for 

Table 1. Baseline Demographics
Characteristic All Patients (%) Hypothermia (<35.5°C) (%) Normothermia (≥35.5°C) (%) P 

No. of patients 228 (100) 122 (100) 106 (100)  
Age at day of surgery, yr    0.071
 � Mean ± SD 50.11 ± 12.2 51.47 ± 12.3 48.55 ± 11.9  
 � Median 50.50 51.00 48.50  
 � Range 23–79 24–79 23–77  
Race    0.470
 � White 123 (53.9) 60 (49.2) 63 (59.4)  
 � Black 85 (37.3) 52 (42.6) 33 (31.1)  
 � Unknown/other 16 (7.0) 8 (6.6) 8 (7.5)  
 � Asian 4 (1.8) 2 (1.6) 2 (1.9)  
Ethnicity    0.444
 � Hispanic 12 (5.3) 6 (4.91) 6 (5.7)  
 � Non-Hispanic 215 (94.3) 116 (95.1) 99 (93.4)  
 � Unknown/other 1 (0.4) 0 (0) 1 (0.93)  
BMI, kg/m2    0.066
 � Mean ± SD 29.26 ± 6.5 28.52 ± 6.0 30.12 ± 6.9  
 � Median 28.54 28.14 29.06  
 � Range 18.03–49.3 19.1–46.32 18.03–49.3  
Chronic medical conditions     
 � Diabetes (type 1 or type 2) 32 (14.0) 15 (12.3) 17 (16.0) 0.419
 � Hypertension 81 (35.5) 41 (33.6) 40 (37.7) 0.518
Smoking status    0.004a

 � Current 36 (15.8) 24 (19.7) 12 (11.3)  
 � Former 51 (22.4) 34 (27.9) 17 (16.0)  
 � Never 141 (61.8) 64 (52.5) 77 (72.6)  
ASA class    0.724
 � 1 or 2 137 (60.1) 72 (59.0) 65 (61.3)  
 � 3 or 4 91 (39.9) 50 (41.0) 41 (38.7)  
Breast cancer diagnosis 220 (96.5) 119 (97.5) 101 (95.3) 0.358
Chemotherapy    0.662
 � No 93 (42.3) 52 (43.7) 41 (40.6)  
 � Yes, before mastectomy 85 (38.6) 45 (37.8) 40 (39.6)  
 � Yes, after mastectomy 40 (18.2) 21 (17.6) 19 (18.8)  
 � Unknown 2 (0.9) 1 (0.8) 1 (1.0)  
Radiation therapy    0.925
 � No 124 (56.4) 68 (57.1) 56 (55.4)  
 � Yes, before mastectomy 7 (3.2) 3 (2.5) 4 (4.0)  
 � Yes, after mastectomy 86 (39.1) 46 (38.7) 40 (39.6)  
 � Unknown 3 (1.4) 2 (1.7) 1 (1.0)  
Breast cancer type    0.537
 � DCIS 45 (20.5) 24 (19.7) 21 (20.8)  
 � IDC 153 (69.5) 84 (68.9) 69 (68.3)  
 � ILC 18 (8.2) 11 (9.0) 7 (6.9)  
 � Other 4 (1.8) 0 (0) 4 (4.0)  
Breast cancer stage    0.369
 � 1 68 (39.8) 33 (34.7) 35 (46.1)  
 � 2 72 (42.1) 45 (47.4) 27 (35.5)  
 � 3 29 (17.0) 16 (16.8) 13 (17.1)  
 � 4 2 (1.2) 1 (1.1) 1 (1.3)  
DCIS, ductal carcinoma in situ; IDC, intraductal carcinoma; ILC, intralobular carcinoma.
a Statistically significant, P < 0.05.
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patients who did not have a postoperative SSI  
(P < 0.05).

DISCUSSION
This study was motivated by current surgical 

literature indicating that maintenance of normo-
thermia can significantly decrease the incidence 
of SSI by two- to three-fold.10,17 To our knowl-
edge, this is the first study to date to examine the 
impact of patient intraoperative temperature on 
patient outcomes in implant-based breast recon-
struction. Intraoperative hypothermia nearly 
doubled the incidence of SSI (34% versus 18%; 
P < 0.05) and wound healing complications (28% 
versus 16%; P < 0.05). In the hypothermic cohort, 
patients who had a postoperative SSI were hypo-
thermic for a longer length of time compared 
with patients who did not have a postoperative 

SSI (103 minutes versus 77 minutes; P < 0.05). 
Rates of hematoma (P = 0.9134), seroma (P 
= 0.4362), mastectomy skin flap necrosis (P = 
0.4773), and unplanned reoperation within 90 
days (P = 0.9445) were unaffected. A multivariate 
analysis was performed to analyze the effects of 
covariate factors: wound healing complications, 
hypothermia, smoking status, age, and BMI on 
postoperative SSI. The model was statistically sig-
nificant and demonstrated that BMI (OR, 1.057; 
95% CI, 1.005 to 1.112; P < 0.05), wound heal-
ing complications (OR, 5.426; 95% CI, 2.689 to 
10.950; P < 0.05), and intraoperative hypother-
mia (OR, 2.416; 95% CI, 1.192 to 4.898; P < 0.05) 
were predictors for SSI in this patient population. 
Smoking status and age were not predictors for 
SSI in this patient population.

Although many of the baseline character-
istics and demographic variables collected did 

Table 2. Intraoperative Details
Characteristic All Patients (%) Hypothermia (<35.5°C) (%) Normothermia (≥35.5°C) (%) P  a 

No. of patients 228 (100) 122 (100) 106 (100)  
Laterality of breast reconstruction    0.275
 � Unilateral 87 (38.2) 45 (36.9) 42 (39.6)  
 � Bilateral 141 (61.8) 77 (63.1) 64 (60.4)  
Type of breast reconstruction    0.501
 � Direct-to-implant 43 (18.9) 25 (20.5) 18 (17.0)  
 � Tissue expander 185 (81.1) 97 (79.5) 88 (83.0)  
Use of ADM 212 (93.0) 111 (91.0) 101 (95.3) 0.197
Warming device     
 � Over-body 228 (100) 122 (100) 106 (100) 1.000
 � Under-body 0 (0) 0 (0) 0 (0)  
Perioperative antibiotics 228 (100) 122 (100) 106 (100) 1.000
Postoperative antibiotics    0.542
 � First 24 hr 5 (2.2) 2 (1.6) 3 (2.8)  
 � Until drain removal 223 (97.8) 120 (98.4) 103 (97.2)  
Length of surgery, min    0.071
 � Mean ± SD 277.8 ± 92.0 288.1 ± 92.8 266.0 ± 90.0  
 � Median 270.0 291 259.0  
 � Range 79-546 79-546 110-523  
Drains placed 222 (97.4) 118 (96.7) 104 (98.1) 0.515
a Statistical significance defined as P < 0.05.

Table 3. Surgical Outcomes
Characteristic All Patients (%) Hypothermia (<35.5°C) (%) Normothermia (≥35.5°C) (%) P 

Complications     
 � SSI 60 (26.3) 42 (34.4) 18 (17.0) 0.002a

 � Hematoma 20 (8.8) 8 (6.6) 12 (11.3) 0.214
 � Seroma 32 (14.0) 15 (12.3) 17 (16.0) 0.419
 � Skin necrosis 25 (11.0) 15 (12.3) 10 (9.4) 0.493
 � Wound healing complications 51 (22.4) 34 (27.9) 17 (16.0) 0.030a

 � Reoperation within 90 days 30 (13.2) 16 (13.1) 14 (13.2) 0.984
a Statistically significant, P < 0.05.
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not significantly differ between the hypothermic 
and normothermic cohorts, smoking status did 
demonstrate a statistically significant difference 
between the two groups (P = 0.0004). Patients in 
the hypothermic group were more likely to be 
current smokers (19.7% versus 11.3%) and for-
mer smokers (27.9% and 16.0%). Univariate anal-
ysis demonstrated that current smokers were 2.4 
times more likely to be hypothermic (OR, 2.406; 
95% CI, 1.231 to 4.702; P < 0.05). Sagiroglu et al. 
also identified that smoking was a risk factor for 
perioperative hypothermia during major abdomi-
nal operations.18

In the general surgery literature, hypother-
mia is associated with increased SSI and other 
complications. Specifically, patients who expe-
rienced intraoperative hypothermia in trauma 

laparotomies were two times more likely to expe-
rience postoperative SSI.19 This is supported by 
a prospective study of 290 surgical patients con-
ducted by Flores-Maldonado et al., which dem-
onstrated that perioperative hypothermia was 
associated with SSI.20 Furthermore, a random-
ized controlled trial conducted to determine the 
effect of preoperative warming on postoperative 
SSI after clean surgery found that those patients 
who were assigned to the nonwarmed group were 
more likely to present with postoperative SSI.17 
Aside from SSI, there are studies that demonstrate 
that perioperative hypothermia is also associated 
with increased blood loss, increased incidence of 
adverse myocardial outcomes, impaired wound 
healing, prolonged recovery, and increased hos-
pital length of stay.10,21,22 These studies support the 

Fig. 3. Effect of intraoperative hypothermia on postoperative wound healing 
complications.

Fig. 2. Effect of intraoperative hypothermia on postoperative SSI.
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results of our study and support the idea that strict 
normothermia should be maintained intraopera-
tively, especially within the first hour after anes-
thetic induction. Studies show that hypothermia 
tends to occur within the first hour after induc-
tion largely because of redistribution of body heat 
during that time, which provides an actionable 
period in which to be vigilant that normothermia 
is maintained.23 Prewarming patients should also 
be pursued preoperatively based on the results of 
these studies.

A review of the literature demonstrates that 
unintentional intraoperative hypothermia is a rel-
atively common intraoperative complication and 
has been estimated as occurring in up to 50% to 
90% in the perioperative period.24–27 At our institu-
tion, our preoperative temperature management 
protocol includes transportation of all patients 
with one cotton blanket and maintaining preop-
erative ambient room temperature at or above 
24°C (75°F), with the option to consider preoper-
ative warming to reduce the risk of perioperative 
hypothermia. For patients who are determined 
to be hypothermic preoperatively (<35.5°C), a 
forced-air warming blanket is used for active pre-
operative warming in addition to the one cotton 
blanket mandated for all patients. Intraoperative 
temperature management protocol at our institu-
tion includes mandatory use of forced-air warm-
ers and/or underbody warmers to maintain 
intraoperative temperature with continuous mon-
itoring of the patient’s body temperature by the 

anesthesia team. It is also recommended by our 
institution that the intraoperative temperature 
remains between 20° and 24°C (68° and 75°F).

Despite these protocols, over 50% of the 
patients in this study developed intraoperative 
hypothermia. When comparing the literature 
to our institution’s policy, the high incidence of 
intraoperative unintentional hypothermia is likely 
because all patients are not required to undergo 
preoperative warming. Our institution’s proto-
col requires appropriate preoperative identifica-
tion of patients needing preoperative warming 
by means of temperature monitoring rather than 
all patients undergoing preoperative warming 
by default. Finally, our institution tolerates intra-
operative temperatures down to 20°C, which is 
below the literature’s recommendation of 21°C.

Although there are no studies specifically 
examining the effect of hypothermia in breast 
reconstruction, there are recent studies examin-
ing the impact of hypothermia in breast cancer 
surgery and in elective plastic surgery. In breast 
cancer surgery, a study conducted by Motamed et 
al. showed no difference in complication/infec-
tion, nor did it show a delay to adjuvant radiation 
therapy or chemotherapy for patients who expe-
rienced hypothermia.28 There are also studies 
that link the use of ADM and radiation therapy 
to increased likelihood of SSI in the breast can-
cer reconstruction patient population; however, 
in our study, we found no significant difference 
between the two cohorts with respect to the use 

Table 4. Univariate and Multivariate Analyses
Variable OR 95% CI P 

Univariate analysis    
 � SSI 2.567 1.367–4.818 0.003a

 � Wound healing complications 2.023 1.053–3.884 0.034a

Multivariate analysis    
 � Hypothermia (<35.5°C) 2.416 1.192–4.898 0.014a

 � Wound healing complications 5.426 2.689–10.950 <0.001a

 � Age (OR per 1-year increase) 1.008 0.980–1.035 0.588
 � Smoking status 1.089 0.708–1.675 0.697
 � BMI (OR per 1-kg/m2 increase) 1.057 1.005–1.112 0.03a

a Statistically significant, P < 0.05.

Table 5. Duration of Hypothermia and Infection
Characteristic All Patients (%) Infection (%) No Infection (%) P 

No. of patients 122 (100) 42 (34.4) 80 (65.6)  
Hypothermia duration, min     
 � Mean ± SD 85.93 ± 54.7 102.95 ± 55.0 77.00 ± 52.7 0.014a

 � Median 75.00 84.50 62.50  
 � Range 5–300 30–300 5–210  
a Statistically significant, P < 0.05.
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of ADM or rates of chemotherapy/radiation 
therapy, making it unlikely that these variables 
impacted the results of our study, indicating that 
hypothermia increased the likelihood of SSI in 
this population.9,29

Another potential, anecdotal source of SSI 
in this patient population is the use of forced-air 
warmers; however, the literature is conflicting on 
the use of forced-air warmers and SSI. A study 
was conducted to evaluate forced-air warmers as a 
potential source of microbial contamination and 
found that when the warmers were used in con-
junction with the appropriate perforated blanket, 
as recommended by the manufacturer, no organ-
isms were detected.30 Furthermore, a systematic 
review of the orthopedic literature demonstrated 
no increased risk for SSI with the use of forced-
air warmers.31,32 However, other studies note that 
forced-air warmers have the potential to be a 
source of operating room air contamination with 
the potential to increase the risk of SSI; however, 
without a clear link between forced-air warming 
and SSI, these studies continue to recommend 
the use of forced-air warming for maintenance 
of intraoperative normothermia.33 Given the fact 
that all patients in both the hypothermic and nor-
mothermic group received forced-air warming, 
this is a controlled variable in our study.

In the context of elective plastic surgery, par-
ticularly in body contouring, there is controversy 
in the literature, as some studies demonstrate 
that hypothermia has no effect on postopera-
tive outcomes and others indicate that hypother-
mia increases the risk of seroma formation and 
increases recovery time, pain, and opioid require-
ment.34–37 Cavallini et al. examined the effect of 
hypothermia on coagulation in elective plastic 
surgery cases and demonstrated that there was 
significant prolongation of bleeding time and 
activated partial thromboplastin times in patients 
who developed intraoperative hypothermia.35 
A retrospective study in an aesthetic outpatient 
plastic surgery setting found that intraoperative 
normothermia resulted in reduced use of intra-
operative analgesia, shortened recovery time, 
and greater patient comfort.36 This is supported 
by the anesthesia literature, which has linked 
intraoperative hypothermia to increased recovery 
times and is also supported by a study conducted 
by Bayter-Marin et al., which demonstrated that 
patients undergoing body contouring procedures 
who experienced intraoperative hypothermia 
also have increased time spent in the recovery 
area, intensity of pain, cold perception, and opi-
oid requirement.38,39 Although not seen in our 

patient population, a 2012 study correlated intra-
operative hypothermia and seroma formation 
in patients undergoing body contouring proce-
dures. This 2012 study also supported other surgi-
cal literature linking intraoperative hypothermia 
to increased blood loss and need for transfusion.40

As demonstrated by the numerous afore-
mentioned studies, hypothermia is a ubiquitous 
problem in surgical patients who receive both 
general and regional anesthesia, and rates of 
hypothermia range from 4% to 70%.41–43 In addi-
tion to heat loss from exposed surface area and 
open wounds, general anesthesia causes redistri-
bution of blood, vasodilation, decreased metabo-
lism, and decreased vasoconstriction threshold.44 
Regional anesthesia also causes vasodilation, 
decreases shivering, and decreases vasoconstric-
tion below the level of the block.44 Longer opera-
tive times also increase the risk of hypothermia.43 
Intraoperative temperature regulation represents 
an important modifiable risk factor in the preven-
tion of complications.

Studies in both the general surgery and plas-
tic surgery literature have sought to find ways to 
improve or prevent hypothermia using multiple 
active warming methods, including approxi-
mately 1 hour of warming preoperatively, warm 
intravenous fluids, forced-air warming, main-
taining intraoperative ambient temperature at 
70°F minimum, and aggressively treating post-
operative hypothermia.14,37,45,46 In a 2015 review 
of 24 randomized controlled trials, Campbell et 
al. noted that giving warm fluids (37° to 41°C) 
increases patient temperature by half a degree.45 
Despite these measures, patients can still become 
hypothermic, and surgeons need to implement 
multiple methods of patient warming to achieve 
normothermia.43,47

Limitations of this study include the retro-
spective nature, a relatively small study popu-
lation, and the examination of a single health 
system’s surgical data. At our institution, pro-
tocols in immediate implant-based breast 
reconstruction include forced-air warming 
intraoperatively with variable use of adjuncts 
such as preoperative warming and administra-
tion of warmed fluids. Our institution does not 
mandate preoperative warming, which is sup-
ported in the literature to reduce the incidence 
of unintentional intraoperative hypothermia. 
Our institution’s policy also tolerates ambient 
temperatures to 20°C, which is below the lit-
erature’s recommendation of 21°C. Our rates 
of hypothermia in implant-based breast recon-
struction exceed 50%, which is consistent with 
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the literature’s rates of unintentional hypo-
thermia; however, further studies to prevent 
unintentional perioperative hypothermia with 
the use of standardized protocols are needed. 
Future research should include consistent use of 
multiple perioperative warming techniques.

CONCLUSIONS
This study demonstrates that intraoperative 

hypothermia less than 35.5°C is a significant risk 
factor for postoperative infection in postmastec-
tomy implant-based breast reconstruction. Breast 
reconstruction patients are at significant risk of 
intraoperative hypothermia given the need to have 
a significant amount of their body surface area 
exposed intraoperatively and the longer duration 
of these combined procedures. Our results demon-
strate that maintaining strict normothermia during 
implant-based breast reconstruction procedures 
can significantly improve patient outcomes and 
reduce morbidity by reducing the risk of surgical-
site infection and wound healing complications.
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