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Intraoperative hypothermia and occurrence
of surgical site infection in cancer patients:
retrospective cohort

Hipotermia intraoperatoria e ocorréncia de infeccdo do sitio cirurgico
entre pacientes oncoldgicos: coorte retrospectiva

Hipotermia intraoperatoria y ocurrencia de infeccion del sitio quirurgico
entre pacientes con cdncer: cohorte retrospectiva
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ABSTRACT: Objectives: To analyze the correlation between intraoperative hypothermia and the occurrence of surgical site infection in patients with can-
cer. Method: Retrospective cohort study with data extracted from the electronic medical records of 79 patients between 2014 and 2015. All ethical pre-
cepts were complied with. Results: Of 79 patients, 18 (22.79%) developed surgical site infection, 12 (66.66%) during hospitalization and 6 (33.33%) after
hospital discharge. Surgical site infection was significantly correlated with diabetes mellitus, intraoperative transfusion, type of surgery proposed, length
of stay in an Inpatient or Intensive Care Unit, surgical re-approach and hospital readmission. Each episode of hypothermia lower than or equal to 35.5
°C increased the chance of surgical site infection by 6.2%. Conclusion: Intraoperative body temperature below 35.5 °C increases the chance of surgical
site infection. The multidisciplinary team must maintain the patient’s normothermia throughout the perioperative period.
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RESUMO: Objetivos: Analisar a correlagdo entre hipotermia intraoperatéria e ocorréncia de infec¢do de sitio cirtirgico em pacientes oncologicos. Método:
Estudo de coorte retrospectiva com dados extraidos do prontuario eletronico de 79 pacientes entre 2014 e 2015. Todos os preceitos éticos foram cum-
pridos. Resultados: De 79 pacientes, 18 (22,79%) desenvolveram infec¢io de sitio cirurgico, sendo 12 (66,66%) durante a internago e 6 (33,33%) ap0s a
alta. A infecgdo do sitio cirtirgico apresentou correlagio significativa com diabetes mellitus, transfusio intraoperatoéria, tipo de cirurgia proposta, tempo
de permanéncia em Unidade de Internacio ou de Terapia Intensiva, reabordagem cirurgica e readmissdo hospitalar. Verificou-se que cada episodio de
hipotermia menor ou igual a 35,5°C aumentou a chance de infec¢o do sitio cirtrgico em 6,2%. Conclusio: A temperatura corporal intraoperatéria
abaixo de 35,5°C aumenta a chance de infec¢io de sitio cirtirgico. A equipe multiprofissional deve manter a normotermia do paciente durante todo o
periodo perioperatorio.

Palavras-chave: Hipotermia. Infec¢do da ferida operatdria. Periodo intraoperatério. Oncologia cirurgica. Estudos de coortes.
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RESUMEN: Objetivos: Analizar la correlacién entre la hipotermia intraoperatoria y la ocurrencia de infeccion del sitio quirargico en pacientes oncolo-

gicos. Método: Estudio de cohorte retrospectivo con datos extraidos de la historia clinica electrénica de 79 pacientes entre 2014 y 2015. Se cumplieron

todos los preceptos éticos. Resultados: De 79 pacientes, 18 (22,79%) desarrollaron infeccion del sitio quirtirgico, 12 (66,66%) durante la hospitalizacién

y 6 (33,33%) después del alta. La infeccioén del sitio quirtrgico se correlaciond significativamente con la diabetes mellitus, la transfusion intraoperatoria,

el tipo de cirugia propuesta, la estancia hospitalaria o en la Unidad de Cuidados Intensivos, la reintervencién quirtrgica y el reingreso hospitalario. Se

encontrd que cada episodio de hipotermia menor o igual a 35,5°C aumento la probabilidad de infeccion del sitio quirtirgico en un 6,2%. Conclusién: La

temperatura corporal intraoperatoria por debajo de 35,5°C aumenta la probabilidad de infeccion del sitio quirtrgico. El equipo multidisciplinario debe

mantener la normotermia del paciente durante todo el perioperatorio.

Palabras clave: Hipotermia. Infeccion de la herida quirtirgica. Periodo intraoperatorio. Oncologia quirtrgica. Estudios de cohortes.

INTRODUCTION

Currently, the volume of total surgeries is estimated
between 187 and 281 million operations per year, with
1 surgery for every 25 human beings, which represents a
large volume of procedures with significant implications
for public health. The rate of complications resulting from
surgical procedures is 3 to 16%, while the mortality rate
is 0.4 to 0.8% in developed countries. However, in devel-
oping countries, the mortality rate can reach 5 to 10%
among surgical patients’.

Surgical complications and infections are a worldwide con-
cern, with almost 7 million occurrences per year and 1 mil-
lion deaths during or after surgery, even though 50% of these
events are preventable'. Among surgical complications, hypo-
thermia occurs accidentally in many patients. Hypothermia
is defined as core body temperature below 36°C, and can be
subdivided into mild (32°C to 35.9°C), moderate (28.1°C to
31.9°C) or severe (<28°C) hypothermia®.

The combination of general and local anesthesia, pre-
operative body temperature below 36°C, low body weight,
type of surgical procedure, exposure to low environmental
temperatures in the operating room, which vary from 18°C
to 23°C, heat transfer mechanisms present in the operating
room, use of cold solutions on the skin, cold intravenous
fluids, inhalation of cold anesthetic gases, large area of skin
exposure and opening of the abdominal or thoracic cavity’.

General anesthesia causes a block in the autonomic
response of vasoconstriction, with consequent redistribu-
tion of heat from the center to the periphery of the body,
being responsible for 80% of the reduction in the patient’s
body temperature in the first hour after anesthesia from 0.5
to 1.5°C. In addition, there is a 15 to 30% reduction in meta-
bolic production and an increase in cutaneous heat loss. After
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some time, the autonomic response is reactivated and the
body temperature reaches a plateau. Surgical patient heat
loss is associated with anesthesia in 80% of cases. For this
reason, it is essential to implement measures to prevent hypo-
thermia and warming methods in the perioperative period*

Complications of unplanned hypothermia include post-
operative pain, increased blood loss and need for blood
transfusion, reversible coagulopathy, myocardial events,
impaired renal function, reduced drug metabolism, post-
operative protein catabolism, increased peripheral vascu-
larity, pressure ulcers, altered mental status, poor healing
of surgical wound, infections, increased length of stay in
the Post-Anesthetic Recovery Room (PACU), prolonged
hospitalization and even death®. To avoid these possible
complications, national and international guidelines and
recommendations are to maintain normothermia during
the surgical procedure®’.

The Association of periOperative Registered Nurses rec-
ommends the following measures to prevent hypothermia in
surgical patients: preoperative assessment and choice of the
best heating method, which can be active, passive or com-
bined; initiation of active warming as soon as possible, pref-
erably in the preoperative period; intraoperative monitoring
of the patient; control of core temperature and maintenance
of normothermia in the postoperative period.

According to the Brazilian Society of Anesthetic Recovery,
Surgical Center and Material and Sterilization Center Nurses,
the patient’s temperature should be monitored throughout
the perioperative period, as well as the patient and the type
of surgical procedure to identify risk factors, initiate hypo-
thermia preventive measures or maintain normothermia,
initiate and/or maintain active intraoperative and postoper-
ative heating, administer intravenous infusion and irrigation

solutions heated to approximately 37°C, control temperature
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and oxygen saturation in the PACU, offer greater supply of
postoperative oxygen and observe changes in heart rate, heart
rhythm, skin color, peripheral perfusion and skin temperature’.

It is worth emphasizing that, the 2015-2017 edition of the
North American Nursing Diagnosis Association had the nurs-
ing diagnosis “risk of perioperative hypothermia” included
and defined as “vulnerability to an inadvertent drop in core
body temperature” to values below 36°C in the perioperative
period, which may cause damage to the health of affected
patients’. Thus, the perioperative nurse must be acquainted
with the possible complications related to hypothermia and
implement prevention and treatment measures based on the
best scientific evidence.

In 2009, the World Health Organization published guide-
lines for surgery safety, including the maintenance of normo-
thermia during surgery among its ten proposed measures,
which is a simple method to limit the risk of developing sur-
gical site infection (SSI).

Considered to be one of the complications of hypother-
mia, SSI is the third leading cause of Healthcare-Related
Infections (HAI), with rates ranging from 14 to 16%, and
increasing patient hospital stay from 7 to 11 days, raising
costs with health’®. SSI can be classified according to the
surgical plan: superficial incisional SSI develops only in
the skin and subcutaneous tissue in the first 30 days after
the surgical procedure; deep incisional SSI affects fascia
and muscles, developing in the first 30 days, or up to 90
days in case of implantation of prostheses; organ/space
infection develops within the first 30 days after manipu-
lation of structures, or within 90 days in cases of pros-
thesis placement’.

Several factors related to the procedure and the patient
can be considered risky for the development of SSI, including
the type of surgery, the surgeon’s skill, the degree of tissue
trauma, presence of diabetes, smoking, obesity, malnutrition,
use of steroids or other immunosuppressive drugs, and also
the occurrence of intraoperative hypothermia®.

There is a scientific gap regarding the association of hypo-
thermia with postoperative outcomes such as blood loss,
wound complications, SSI, increased PACU time, increased
hospital stay and death, and further research on the theme
is needed’.

Thus, considering the social and economic impact on
global health that hypothermia and the occurrence of
SSI cause, the need to implement guidelines and proto-
cols with preventive measures for perioperative hypother-
mia, and the scientific gap on the subject, this study was
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guided by the following questioning: is there a correla-
tion between intraoperative body temperature and the
occurrence of SSIin patients undergoing gastrointestinal
oncological surgeries?

0BJECTIVE

To analyze the correlation between intraoperative body tem-
perature and occurrence of SSI in patients undergoing gas-

trointestinal oncological surgeries.

METHOD

This is a quantitative, retrospective cohort study, based on
electronic medical records of patients undergoing oncolog-
ical surgeries of the gastrointestinal tract at a hospital spe-
cializing in cancer diagnosis and treatment in the city of Sao
Paulo (SP), with convenience sampling, including 79 adult
patients of both sexes, who underwent elective oncological
surgery of the digestive system, whether curative or palli-
ative, with anesthesia time of at least one hour, performed
in 2014 and 2015, and who participated in the previous pro-
spective study in which the occurrence of intraoperative
hypothermia was evaluated’.

Data was collected from electronic medical records of
patients from the day of surgery to 30 days after surgery,
reporting signs or symptoms of SSI, according to the diag-
nostic criteria proposed by the Centers for Disease Control
and Prevention (CDCY’, or even the medical diagnosis of SSL
Data regarding the maintenance of core temperature during
anesthesia procedure were measured using an esophageal ther-
mometer, every 20 minutes, as in a previous investigation’.

The project was approved by the Research Ethics
Committee of the School of Nursing of Universidade de
Sao Paulo, after authorized by the hospital selected for
the investigation, under opinion 2,240,510 (Certificate of
Presentation of Ethical Appreciation 68343917.6.0000.5392),
and complied with guidelines and regulatory standards for
research involving human beings, per Resolution No. 466 of
2012 of the National Health Council®.

The data collected were analyzed in the Statistical Package
Social Sciences software, version 20.0, in a descriptive and
inferential way, using the Fisher test, chi-square test and logis-
tic regression model including variables presenting p<0.25.
The level of significance was set at (<0.05.
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RESULTS

Electronic medical records of 79 adult patients undergo-
ing elective gastrointestinal oncologic surgeries, with mean
age of 61.4 years (£11.9) and mean body mass index (BMI)
of 25.07 kg/m? (£4.88), of which 18 (22.79%) had diabetes
mellitus (DM). Regarding perioperative risk assessment, 53
(67.09%) patients were classified per the American Society
of Anesthesiologists (ASA) as ASA 2, 19 (24.05%) as ASA 3,
and 7 (8.86%) as ASA 1 (Table 1).

The surgical procedures lasted more than one hour, with
mean of 254.85 (£113.65) minutes, with emphasis to total
and/or partial gastrectomy surgeries (31; 39.24%), rectosig-
moidectomies (20; 25.32%) and pancreatoduodenectomy (12;
15.19%). General anesthesia combined with epidural anesthe-
sia was the most frequent (57; 72.15%) form of anesthesia,
and the anesthetic procedures lasted between 135 and 832
minutes, with mean of 360.86 minutes (+117.7) (Table 1).

The postoperative destination of 40 (50.63%) patients
was the Post-Anesthetic Recovery Unit, and they were later
referred to the Inpatient Unit, while the remaining 39 (49.37%)
patients were taken directly to the Intensive Care Unit (ICU).
The mean postoperative hospital stay was 11.39 days (+7.68).
The mean ICU stay was 2.11 days (+4.22).

Surgical re-approach was required during hospitalization
for eight (10.13%) patients, with three (3.79%) of them under-
going a third surgical procedure during their hospital stay.

Based on the medical criteria for SSI and following rec-
ommendations by the CDC (2018), 18 (22.79%) patients were
diagnosed with SSI. Of these, 12 (66.66%) were diagnosed
during hospitalization and 6 (33.33%) after hospital discharge.

Need for readmission occurred in 15 (18.98%) cases for
different reasons within the 30-day postoperative period.
Of the 15 (100%) individuals who were readmitted to hos-
pital, 9 (60%) developed SSI, with 3 (20%) being diagnosed
during hospitalization and 6 (40%) diagnosed at the time
of readmission. The remaining cases of readmission (6;
40%) were due to pulmonary septic shock, various surgi-
cal complications, severe thrombocytosis, portal throm-
bosis, hepatic artery thrombosis or altered laboratory
tests. Of 18 patients with SSI, 5 (27.8%) required surgical
re-approach (Table 1).

The presence of SSI was correlated with DM (p=0.049),
intraoperative transfusion (p=0.002), type of surgery (p=0.023),
length of stay in the Inpatient Unit in the postoperative period
(p=0.001), surgical re-approach (p=0.005) and readmissions
(p=0.0001485) (Table 1). Each day in the ICU increases the
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chance of developing SSI by 28.3% and each day of hospi-
talization increases the chance of developing SSI by 17%.

The variables age (p=0.148), gender (p=0.0572), BMI
(p=0.770), ASA (p=0.549), type of anesthesia (p=0.820), post-
operative destination unit (p=0.952), preoperative (p=0.110)
and postoperative blood transfusion (p=0.524), duration of
anesthesia (p=0.238), and duration of surgery (p=0.066)
(Table 1) were not related to SSI.

Intraoperative heating measures were adopted, namely
the infusion of heated fluids in 100% of the cases and use
of thermal blankets with a heating system in 98.7% of the
patients. The patients’ intraoperative body temperature was
checked every 20 minutes, being below 36.0°C in 12.33 cases
on average and below 35.5°Cin 8.61 cases on average (Table
2). It was verified, through logistic regression, that each epi-
sode of intraoperative temperature lower than or equal to
35.5°C increases the chance of SSI by 6.2%.

Only nine patients (50%) with SSThad blood culture per-
formed. The microorganisms identified were Escherichia coli,
Enterococcus faecium, Staphylococcus spp, Staphylococcus epidermidis
and Candida parapsilosis. However, in five (27.8%) situations
in which the diagnosis of SSI was confirmed by the medical
team, there was no request for blood collection for culture.

Culture of ascitic, peritoneal, biliary, pleural fluid, drain
and collection of the abdominal wall were requested in six
(33.4%) different situations, with identification of micro-
organisms, namely Escherichia coli, Streptococcus viridans,
Enterococcus faecium, Enterococcus faecalis, Klebsiella pneumo-
niae, Proteus mirabilis and Citrobacter farmer.

The three most used classes of antimicrobials were nitro-
midazoles, mainly metronidazole (51; 64.5%), followed by
the third-generation cephalosporins class, represented espe-
cially by ceftriaxone (49; 62%) and second-generation ceph-
alosporins, by cefoxitin (27; 34.17%).

DISCUSSION

This study aimed to correlate intraoperative body tempera-
ture in cancer patients undergoing gastrointestinal surgeries
with occurrence of SSI, since in Brazil SSIs are responsible
for 14 to 16% of all Health Care-Related Infections among
hospitalized patients’.

In patients undergoing anesthetic-surgical procedures,
hypothermia is known to be a frequent diagnosis caused by
the suppression of the thermoregulation system by anesthetic
agents that reduce vasoconstrictor responses’, combined with
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low temperature in the operating room, exposure of abdom-
inal and thoracic cavities at room temperature below body
temperature, infusion of liquids and blood products without
prior heating, among other elements’.

Occurrence of SSI was related to DM, intraoperative

Table 2. Relation between temperature during anesthetic-
surgical procedure and occurrence of SSI. Sao Paulo (SP), 2018.
Number of temperature
measurements

MeantSD
(minimum-maximum)

Temperature

transfusion, type of surgery, length of hospital stay in the

. . ] o Occurrences <36.0°C 12.334£7.11 (0-40) 0.131
postoperative period, surgical re-approach and readmissions.
S Occurrences <35.5°C 8.6117.74 (0-40) 0.079
In another study, authors reported hypothermia significantly
Occurrences <35.0°C 4.80+6.83 (0-35) 0.173

correlated with length of hospital stay, pain, nausea, absence

Table 1. Clinical-surgical variables, according to their relationship with the occurrence of surgical site infection (n=79). Sdo Paulo
(SP), 2022.

51 =19 ssiomen | 5

Age; mean (£SD) years 64.94 (£10.21) 60.31 (+£12.25) 0.148
Sex, n (%)
Female 4(12.12) 29 (87.88)
Male 14 (30.43) 32 (69.57) 0.057
BMI; mean (£SD) kg/m? 25.41 (£4.96) 24.97 (£4.89) 0.770
Diabetes mellitus; n (%) 1 (5.56%) 17 (94.446%) 0.049
ASA, n (%)
| 1(14.29) 6 (85.71)
Il 14 (26.42) 39 (73.58) 0.549
1] 3(15.79) 16 (84.21)
Surgery, n (%)
Total and/or partial gastrectomy 8(25.81) 23(74.19)
Rectosigmoidectomies 2(10.0) 18 (90.0) 0.023
Pancreatoduodenectomy 2(16.67) 10 (83.33)
Type of anesthesia, n (%)
General anesthesia 2(16.67) 10(83.33)
General anesthesia + epidural 14 (24.56) 43 (75.44) 0.820
General anesthesia + spinal anesthesia 2(20.0) 8(80.0)
Blood transfusion in preoperative period; n (%) 0(0.0) 9(100.0) 0.110
Intraoperative blood transfusion; n (%) 4 (100.0) 0(0.0) 0.002
Blood transfusion in postoperative period; n (%) 2(33.33) 4 (66.67) 0.524
Anesthesia duration; mean (£SD), minutes 402.33 (£136.34) 348.62 (£109.86) 0.238
Surgery duration; mean (£SD), minutes 301.39 (£132.17) 241.12 (£104.88) 0.066
P.0. Destination — MC; n (%) 9 (22.50) 31(77.50) 0.952
P.0. Destination — ICU; n (%) 9 (23.08) 30(76.92) 0.952
MC stay; (mean£SD), days 18.11 (+11.15) 9.41 (+4.89) 0.001
ICU stay (meanSD), days 5.06 (+7.77) 1.25 (£1.63) 0.078
Surgical re-approach; n (%) 5(62.50) 3(37.50) 0.005
Readmission; n (%) 9 (60) 6 (40) 0.0001

SSI: surgical site infection; NSSI: no surgical site infection; SD: standard deviation; BMI: body mass index; ASA: American Society of Anesthesiologists; P.O.: postoperative period; MC: Medical
Clinic; ICU: Intensive Care Unit.

| 5 |
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of evacuation and conditions of surgical wound. Hypothermic
patients are more likely to have a surgical wound with secre-
tion or dirt covering'.

The scientific literature indicates that hypothermia is
related to cases of SSI®, and although most were diagnosed
during hospitalization, 50% of patients who developed infec-
tious complications required readmission, and almost 30% of
them required surgical re-approach, that is, the deleterious
effects related of the infectious process lead to longer hos-
pital stays, permanence in ICU and use of a greater amount
of human and financial resources, further burdening the
health system”'%.

It is noteworthy that the most recent recommendations
regarding prevention of SSIinclude prevention of hypother-
mia and maintenance of perioperative normothermia as
objectives to avoid and reduce the number of cases of infec-
tious complications’”'>™,

In the present study, in addition to conditions intrinsic to
participants, they were subject to different extrinsic risk fac-
tors leading to intraoperative hypothermia, and, although
heating measures were adopted in most cases, the sample
was subject to 12.33 episodes on average in which intraop-
erative body temperature was lower than 36.0°C and 8.61
episodes on average in which intraoperative body tempera-
ture was lower than 35.5°C. It is important to note that, for
each episode of body temperature below 35.5°C, the chance
of developing an SSI increased by 6.2%.

Another study that analyzed the occurrence of hypo-
thermia in patients undergoing abdominal surgery showed
that 93.3% of the patients had hypothermia at some point
during the surgery, but only 1.9% were exposed to some
measure to prevent hypothermia. At the time of anesthetic
induction, 27.6% of patients had a temperature below 36°C;
after one hour, 85.7% were hypothermic, with a mean tem-
perature of 35.2°C; at the end of the procedure, 88.6% had
hypothermia®.

A prospective cohort study that assessed 484 patients
who underwent abdominal surgery in a hospital that does
not use active skin warming methods identified that patients
who faced five or more episodes of temperature below 36°C
were more likely to develop SSI, or those submitted to 75
minutes of temperatures below 36°C were more likely to
develop SSI*.

In contrast, another cohort study with 1,015 patients
undergoing colorectal oncologic surgery in a hospital that
uses temperature management as standard treatment,

reported low rates of intraoperative hypothermia and SSI,
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with mean temperature of 36.3°C and a rate of 10% SSI at
30 days post-surgery, concluding that adherence to normo-
thermia seems to be an effective strategy to reduce SSI'. In
addition, maintenance of perioperative normothermia is asso-
ciated with reduced mortality within 30 days after surgery*®.

Some of the limitations of the study are the sample size,
the choice of only one surgical specialty (gastrointestinal
oncologic surgery), and the choice of only one health insti-
tution. However, it may contribute to the development of
future investigations with larger samples, other surgical spe-

cialties, and investigating other hypothermia-related outcomes.

CONCLUSION

The results show that each occurrence of temperature lower
than or equal to 35.5 °C increases the chance of SSI by up
to 6.2%. Most cases of SSI were diagnosed during hospital-
ization, and even so readmissions and surgical re-approaches
were needed.

SSI cases identified were related to DM, intraoperative
transfusion, type of surgery proposed, length of stay in
Inpatient Unit and ICU in the postoperative period, surgical
re-approach and readmission.

It is the responsibility of the multiprofessional team to
adopt preventive measures for aggravation of body tempera-
ture variation and to detect intraoperative hypothermia early,
aiming at normothermia and to reduce the occurrence of
SSIin patients undergoing surgical procedures.
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