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A B S T R A C T

Objective: Microvascular free tissue transfer has become the standard for re-
construction for large defects. With long operative times and an increased surface area exposed, transient hypothermia is common, but it is unclear how this impacts
surgical outcomes. This study evaluated the impact of core body temperature on free tissue flap outcomes in patients undergoing microvascular reconstruction.
Study design: Retrospective data analysis.
Setting: Mount Sinai Hospital; NYC, NY; 2007–2016.
Subjects and methods: Demographic information, mean/minimum/maximum body temperatures, and the presence of flap complications (venous thrombosis, arterial
insufficiency, flap death, wound infection/dehiscence, fistula, chyle leak, hematoma/seroma) of 519 free tissue transfer patients were documented. Binomial logistic
regression was used to examine associations between the presence of flap complications and mean temperature. Statistical analysis used SPSS, with p-values ≤0.05
deemed statistically significant.
Results: 393 soft-tissue and 125 osteocutaneous flaps were included. 19.8% (n= 103) patients had the presence of ≥1 flap complication, while 80.2% (n= 416) did
not. Average temperature for all patients was 36.12 ± 0.84 °C, with minimum at 34.43 ± 0.97 °C and maximum at 37.24 ± 1.23 °C. After controlling for several
factors including: tumor stage, radiation, diabetes, BMI, age, sex, and flap type, there was a significant association between flap complications and mean in-
traoperative temperature (Exp(B)= 1.559, p=0.004).
Conclusion: Higher intraoperative temperatures were associated with worse outcomes. A mild relative hypothermia may improve flap outcomes in this population.
This represents the largest study to date evaluating the impact of intraoperative temperature on free tissue transfer outcomes.

1. Introduction

Microvascular free tissue transfer has become the preferred method
for restoring form and functionality when reconstructing large tissue
defects in the head and neck. However, these procedures are associated
with major complications in up to approximately one third of cases
[1–5]. Intraoperative hypothermia is also common [6–8]. While sur-
gical patients, in general, are at an increased risk for hypothermia from
radiant heat loss and the anesthetic effects on thermal regulation [9],
microvascular free tissue transfer in particular increases risk for tran-
sient hypothermia due to long operative times and an increased surface
area exposure. Despite the known risk for intraoperative hypothermia,
it remains unclear how these changes in core temperature impact out-
comes of free tissue transfer in this population.

Previous reports on intraoperative hypothermia, defined by the
American Society of Anesthesiologists (ASA) as a core body
temperature < 36 °C, have associated lower core body temperatures
with increased incidence of infections [10–13], impaired wound

healing [14], increased blood loss [15,16], and prolonged hospital stay
[10]. Indeed, multiple studies examining intraoperative temperature
control in head and neck surgeries suggest a protective role for ag-
gressive warming and maintaining normothermic temperatures
[6,7,17]. Studies of free flap survival rates in surgeries not specific to
head and neck procedures reported decreased flap survival rates in
hypothermic patients, potentially due to vasoconstriction [18]. In a
retrospective study of 136 head and neck free flaps, early perioperative
complications within 3 weeks of surgery were correlated with a core
body temperature of< 35°C [7]. Patients with this level of hy-
pothermia had a higher risk of developing postoperative complications
such as complete or partial flap loss, hematomas, or surgical site in-
fections (SSI). While the length of hypothermia did not correlate with
these complication rates, those patients whose core temperatures fell
below 35 °C at any point during the procedure had an increase rate of
both infectious and overall complications.

Interestingly, recent reports have disputed these findings [8,19,20].
Studies are suggesting that higher intraoperative temperatures are
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actually correlated with greater SSI rates [19], and that mild hy-
pothermia may in fact be protective both in rodent models [20] and
head and neck patients [8], secondary to increased flap patency and
decreased venous thrombosis with lower core body temperatures. A
study of 212 head and neck free flap reconstructions found that max-
imum and minimum intraoperative temperatures were significant pre-
dictors of free flap thrombosis, with lower temperatures associated with
higher rates of flap patency and survival. The authors ultimately sug-
gested an optimal intraoperative core temperature range of
36.0 °C–36.4 °C for patients undergoing free tissue transfer. While in-
formative, this study was limited by sample size, limited variety of flap
donor sites, and a variation in core temperature sampling techniques,
which could influence the study findings.

Given the lack of evidence-based protocols for optimal in-
traoperative core temperature and the continued debate over how hy-
pothermia impacts free tissue transfer, we sought to examine the impact
of core body temperature on free tissue flap outcomes in a large data-
base of 519 patients undergoing head and neck microvascular re-
construction. Based on recent reports, we hypothesized that lower in-
traoperative core body temperatures may be protective and improve
flap survival outcomes. We anticipated that results from this study
would inform the debate of proper intraoperative temperature control
in free tissue transfer in head and neck surgeries.

2. Methods

2.1. Protocol approvals

This study was reviewed and approved by the Icahn School of
Medicine at Mount Sinai institutional review board (IRB# IF2046268).

2.2. Study design

To address our research aims, we performed a retrospective data
analysis of 554 patients who received free tissue transfer at Mount Sinai
Hospital between 2007 and 2016. Intraoperative core body temperature
was measured from bladder probes which is standard protocol at our
institution. Postoperative flap complications were determined by
monitoring with physical exam and Doppler flow detection. Study in-
clusion criteria were that patients underwent a head and neck free
tissue transfer procedure, had valid core temperature data recorded for
their procedure, and documentation of postoperative flap complica-
tions. 28 patients were removed because they did not have valid tem-
perature data, or standard bladder probe monitoring. An additional 7
patients were excluded as they had multiple flap types performed in a
single operative encounter. The primary outcome examined was the
association of mean intraoperative core temperature with flap compli-
cations. Secondary outcomes examined were the association of max-
imum or minimum temperature with postoperative flap complications.

2.3. Intraoperative anesthesia and temperature control

The Mount Sinai Hospital Department of Anesthesia follows na-
tionally recognized surgical care improvement project (SCIP) guidelines
for intraoperative maintenance of temperature. Intraoperative core
body temperature was measured from bladder probes. Temperature
goals are> 35.5 °C intraoperatively and>36 °C by time of drop-off in
the Post-Anesthesia Care Unit. Bair warmers are normally turned off
intraoperatively if patient temperature increases to> 37 °C. Each pa-
tient got a standardized anesthetic in this study which was maintenance
of general anesthesia with isoflurane.

2.4. Data collection

Demographic information, mean/minimum/maximum core body
temperatures, and the presence of flap complications were documented

for each patient. Flap complications documented were: venous throm-
bosis, arterial insufficiency, flap death, wound infection, wound de-
hiscence, fistula formation, chyle leak, hematoma, and seroma forma-
tion. Additional data abstracted from each patient were comorbidities,
ASA status, pathologic diagnosis, history of radiation therapy, surgery,
neck dissection, or chemotherapy, tumor TNM stage, and free flap
donor site.

2.5. Data analysis

All flap complication outcomes were treated as binomial (present or
absent) and summarized by frequencies and percentages. Fisher's exact
tests were conducted to investigate if the rates of developing compli-
cations were significantly different between binomial temperature
groups. Binomial logistic regression was used for association of flap
complications with temperature variables. Logistic regression analyses
were subsequently adjusted to control for age, sex, BMI, diabetes di-
agnosis, tumor stage, radiation history, and flap type. Total operative
time was also correlated with flap outcomes. Temperature cut-point
analysis was accomplished with Youden's J statistic (J= sensitivity +
specificity−1) on a receiver operating characteristic (ROC) curve using
a publicly available cut-point determination algorithm [21]. Data is
presented as mean ± standard deviation (SD) unless otherwise in-
dicated. A p≤ 0.05 was considered significant. Retrospective data were
collected and stored in Microsoft Excel 2011 (Microsoft Corp, Seattle,
WA), and statistical analysis was performed using SPSS (IBM, New
York, NY). Graphs were generated with Prism 7 (GraphPad Software,
Inc., San Diego, CA).

3. Results

3.1. Patient demographics

519 patients met inclusion criteria with demographics and baseline
data summarized in Table 1. Patient distribution of tumor sites is
summarized in Table 2. 393 soft-tissue (165 anterolateral thigh, 184
radial free forearm, 10 latissimus dorsi, 13 rectus abdominis, 13

Table 1
Baseline patient data.

Baseline patient data

Age, years 63.6 ± 13.6
Sex, n (%)
Female 178 (34.3)
Male 341 (65.7)

BMI 25.5 ± 5.6
Emergency case status, n (%) 0
ASA status, n (%)
1 5 (1.0)
2 52 (10.0)
3 378 (72.8)
4 84 (16.2)

Disseminated cancer, n (%) 125 (24.1)
Diabetes, n (%) 84 (16.2)
History of smoking, n (%) 289 (55.7)
Current smoker in past year, n (%) 47 (9.1)
Pathology, n (%)
SCC 411 (79.2)
Salivary 19 (3.7)
Sarcoma 16 (3.1)
Other 73 (14.1)

Stage, n (%)
Stage 0 43 (8.3)
Stage 1 65 (12.5)
Stage 2 85 (16.4)
Stage 3 98 (18.9)
Stage 4 228 (43.9)

Chemotherapy, n (%) 180 (34.7)
Radiation, n (%) 263 (50.7)
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serratus anterior, 2 gracilis, 1 groin, 4 supraclavicular free flap, 1 tensor
fasciae latae), 125 osteocutaneous (78 fibula, 45 scapula, and 2 iliac
crest), and 1 omental free flaps were included in this study.

3.2. Complications and intraoperative temperatures

19.8% (n=103) patients had the presence of ≥1 flap complication
while 80.2% (n=416) did not. All flap complication rates are pre-
sented in Table 3. Average temperature for all patients was
36.12 ± 0.84 °C, with minimum at 34.43 ± 0.97 °C and maximum at
37.24 ± 1.23 °C (see Fig. 1 for temperature distributions).

Univariate logistic regression revealed that higher mean tempera-
tures were associated with increased rates of having any flap compli-
cation (Exp(B)= 1.477, p=0.006), venous thrombosis (Exp
(B)= 1.818, p= 0.046), wound infection (Exp(B)= 1.438,
p=0.026), and seroma formation (Exp(B)= 2.841, p=0.020)
(Table 3). After controlling for several factors including tumor stage,
radiation, diabetes, BMI, age, sex, and flap type, there was a significant
association between flap complications, venous thrombosis, and seroma
formation with mean temperature (Table 3). Temperature data in pa-
tients with any flap complication, venous thrombosis, or wound infec-
tion were further analyzed.

More generally, total operative time was poorly correlated with
mean intraoperative temperature (r= 0.114, p=0.010) and was not
associated with increased flap complications (Exp(B)= 1.002,
p=0.041). Additionally, accounting for total anesthesia time in lo-
gistic regression analysis did not significantly alter the impact of mean
intraoperative temperature on flap complications (Exp(B)= 1.530,
p=0.005), venous thrombosis (Exp(B)= 2.090, p= 0.025), or wound
infection (Exp(B)= 1.400, p=0.053).

Subsequent temperature cut-point analysis determined using
Youden's J statistic identified a mean temperature cut-off of 36.5 °C,
maximum temperature cut-off of 37.6 °C, and minimum temperature of
34.3 °C. Overall flap complication rates for those with mean, maximum,

Table 2
Tumor site locations.

Tumor site n

Lip 8
Anterior tongue 101
Buccal mucosa 16
Base of tongue 38
Parotid 36
Soft palate 10
Hard palate 17
Larynx 44
Paranasal sinus 4
Nasal cavity 13
Hypopharynx 24
Maxilla 55
Mandible 47
Retromolar trigone 20
Alveolus 29
Other 79

Table 3
Flap complication rates and impact of temperature.

Unadjusted Adjusted

Complication n (%) OR (Exp(B)) p-Value OR (Exp(B)) p-Value

Any complication 103 (19.8) 1.477 (1.116–1.957) 0.006 1.559 (1.153–2.107) 0.004
Venous thrombosis 20 (3.9) 1.818 (1.010–3.272) 0.046 2.108 (1.119–3.974) 0.021
Arterial insufficiency 20 (3.9) 1.112 (0.643–1.924) 0.704 1.203 (0.677–2.135) 0.528
Wound infection 73 (14.1) 1.438 (1.044–1.980) 0.026 1.398 (0.994–1.966) 0.054
Wound dehiscence 39 (7.5) 0.787 (0.543–1.141) 0.206 0.762 (0.506–1.148) 0.193
Fistula 71 (13.7) 1.109 (0.816–1.505) 0.509 1.115 (0.801–1.551) 0.52
Chyle leak 2 (0.4) 0.443 (0.121–1.617) 0.218 1.031 (0.157–6.783) 0.974
Hematoma 38 (7.3) 1.280 (0.844–1.941) 0.245 1.526 (0.976–2.387) 0.064
Seroma 8 (1.5) 2.841 (1.178–6.852) 0.020 3.251 (1.073–9.848) 0.037
Flap death 27 (5.2) 0.993 (0.625–1.579) 0.978 1.049 (0.636–1.730) 0.852

Bolded items are statistically significant, p< 0.05.

Fig. 1. Temperature distributions. Histograms of mean (top), maximum
(middle), and minimum (bottom) intraoperative core body temperatures for
519 patients examined. Mean temperatures for each distribution are included
on the corresponding graph.
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or minimum temperatures above or below these temperatures are in-
dicated in Table 4. Flap complication rates associated with different
temperature cut-offs are shown in Fig. 2. A mean temperature of<
36.5 °C (Exp(B)= 0.543, p= 0.014) with a max temperature <
37.6 °C (Exp(B)= 0.545, p=0.015) were found to be associated with
lower odds of developing flap complications. Mean temperatures below
36.5 °C were not more beneficial (mean < 36.4 °C had Exp(B)= 0.562,
p=0.016 for the development of flap complications; mean < 36.2 °C
had Exp(B)= 0.681, p=0.106), nor were lower maximum tempera-
tures (a maximum temperature < 37.5 °C trended towards decreased
flap complication rates, Exp(B)= 0.628, p= 0.058, while tempera-
tures< 37.4 °C were not significantly related to lower flap complica-
tion rates (Exp(B)= 0.677, p=0.108)). Fewer flap complications were
associated with a minimum temperature < 34.3 °C (Exp(B)= 0.563,
p=0.018), but not with lower minimum temperatures.

4. Discussion

Here we show that a relative hypothermia may be protective in free
flap microvascular head and neck surgery. Results indicate that higher
mean, maximum, or minimum temperatures, or simply the presence of
higher temperatures, may portend worse outcomes, increasing flap
complications overall. Higher temperatures were associated with a
greater risk of venous thrombosis, wound infection, and seroma for-
mation. This strong association was maintained after adjusting for
confounding factors. In addition, as noted in Table 3, factors which
would less likely be expected to be influenced by core temperature such
as chyle leak, fistula, or arterial anastomotic failure did not appear to be
affected as expected. Our analyses indicate that an intraoperative core
body temperature range kept between 34.3 °C–37.6 °C, with a mean
temperature approximately 36.5 °C may indeed be protective against
specific post-operative flap complications.

While earlier research has suggested that lower intraoperative
temperatures are associated with increases in mortality, SSI, ischemic
cardiovascular events, blood loss, longer hospital stay [10,22–27], few
studies have examined these claims in head and neck surgery, and in
particular in head and neck microvascular free tissue transfer with its

unique set of considerations. Most reports have looked at intraoperative
hypothermia in colorectal or other abdominal procedures such as
trauma laparotomy [10,12]. Much of the hypothermia data is also from
trauma literature [22,23,25,27]. The few studies that have examined
the impact of intraoperative temperature in the head/neck population
offer conflicting results. In a study of head and neck surgery, without
reconstruction, severe hypothermia (nadir temperatures< 35 °C) was
associated with delayed time to extubation, the development of neck
seromas, and wound dehiscence [17]. Similarly, a retrospective study of
136 head and neck free flaps found perioperative complications and SSI
within 3 weeks of surgery were correlated with the presence of core
body temperature of< 35°C [7]. However, this study was limited by a
small sample size, and importantly, mean temperatures between pa-
tients with complications and those without were not significantly
different, nor did the length of hypothermia correlate with complica-
tion rates. Similarly, another study of 156 patients found that a nadir
temperature < 34.5 °C or mean temperature < 37 °C was correlated
with higher post-operative infection rates [6]. However, they found
that core temperatures had no association with overall flap failure or
pedicle thrombosis. Interestingly while the above temperature cut-offs
were correlated with higher SSI rates, mean temperatures< 36.5 °C did
not increase infection rates. Other limitations to this study include that
it was not specific to head and neck reconstruction (only 32% of pa-
tients had head and neck procedures), and 44% of the surgical indica-
tions were for reconstruction after trauma or burns. Thus it is difficult
to generalize their study to a broader patient population.

Our findings contrast the above reports, and are indeed supported
by recent studies that begin to counter this idea that hypothermia
heralds worse surgical outcomes [8,19,20]. Evidence shows that mild
hypothermia decreases hypoxemia and ischemia in numerous tissues
[28]. Additionally, hypothermia may be protective against thrombosis,
as multiple reports indicated that platelet and clotting functions may be
decreased with hypothermia [15,16,29–33]. Importantly, in contrast to
the above studies suggesting that hypothermia is related to higher rates
of SSI, a recent report demonstrates that this may not only be the case,
but conversely higher intraoperative temperatures may actually be as-
sociated with wound infections [19]. Such benefits must be balanced
against concerns regarding vasospasm during flap anastomosis at lower
temperatures; indeed, we used warm irrigation of the neck after mi-
crovascular anastomosis in all cases, regardless of the presence of va-
sospasm.

A recent study of temperature effects on free tissue transfer [8],
albeit not specific to the head and neck, demonstrated that lower
temperatures, ranging from 36 °C–36.4 °C, with an optimal temperature
of 36.2 °C was associated with decreased flap thrombosis rates. Our
study agrees with their suggestions and additionally strengthens it for
head and neck microvascular free tissue patients. Our work utilizes a
larger sample size, specific to head and neck patients, providing greater

Table 4
Cut-point analysis by Youden's J statistic.

Complication rates

Above temperature
(%, n/total)

Below temperature
(%, n/total)

p-Value

Mean temp. cut-off
36.5 °C

26.35 (n= 44/167) 16.76 (n= 59/352) 0.013

Min. temp. cut-off 34.3 °C 23.63 (n= 69/292) 14.97 (n= 34/227) 0.015
Max. temp. cut-off 37.6 °C 26.80 (n= 41/153) 16.94 (n= 62/366) 0.015

Fig. 2. Flap complication rates. Flap complication rates are indicated for each temperature range. Rates are calculated as a proportion of total sample size (n= 519).
Complication rates increase as the temperature cut-off increases.
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ability to detect relationships between temperature and various post-
operative flap complications. Our study's suggested temperature range
is different than the previously “ideal” suggested temperature range,
possibly because of the selected methods by which temperature is
monitored. The previous investigation measured maximum and
minimum operative temperatures for each patient and the temperature
was recorded from various sources and post-hoc calibrated to bladder
temperatures. Such differences may have impacted the suggested tem-
perature range accounting for the differences in our findings. That said,
our suggested range would have to be validated in a prospective study
comparing controlled intraoperative temperature ranges to be clinically
useful.

It is interesting to note that many of the studies that claim hy-
pothermia is associated with increased SSI or other postoperative
complications, tend to use temperatures of< 35 °C as their cut-off and
only examined nadir temperatures for the surgery as the primary
measure instead of mean core temperature [6,7,10,17]. The definition
of hypothermia is often not consistent. While our findings showed that
overall, lower temperatures were protective for flap complications and
wound infections, our suggested mean intraoperative temperature
was>35 °C—higher than the temperature cut-offs previous reports
suggest portend worse outcomes. It is possible that lower temperatures
are associated with greater complications overall, but mild hy-
pothermia, or at least avoidance of aggressive warming, may yield
better free flap outcomes in particular. Control of intraoperative tem-
perature must balance reduction in flap complications with overall
physiologic benefits to the patient.

Our examination is limited by being a single center, retrospective
study, and rates of certain flap complications, such as venous throm-
bosis, are low overall. Thus, a larger sample size is required to more
accurately describe temperature relationships to flap outcomes. While
these temperature differences are not the sole determining factor for
flap complications, and our study's retrospective nature does not allow
for the distinction between causation and correlation, our results sug-
gest that temperature may have an important role in free flap outcomes,
and that tighter intraoperative temperature regulation may be needed.
Despite its limitations, our study informs the discussion regarding
proper temperature regulation during microvascular free tissue transfer
in head and neck surgery and indicates further work examining tem-
perature control effects in prospective trials are warranted.

5. Conclusion

Higher intraoperative temperatures were associated with worse
outcomes. A relative hypothermia may thus improve flap outcomes in
this population. This investigation represents the largest study to date
evaluating the impact of intraoperative temperature on outcomes for
free tissue transfer.
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