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ABSTRACT
Objective: To identify the occurrence of surgical site infection (SSI) and its risk factors in 
patients undergoing colon surgery in a tertiary hospital located in the countryside of the 
state of São Paulo. Method: Retrospective cohort study, with collection of information 
contained in the medical records of patients undergoing colon surgery in the period 
between January 2010 and December 2013. The studied variables were the possible risk 
factors related to the patient, to demographic characteristics and the surgical procedure. 
Results: In total, were evaluated 155 patients with an overall SSI incidence of 16.7%. A 
statistically significant association was found both in the univariate as in the multivariate 
analysis between the SSI and the following variables: male gender, Charlson index and 
mechanical bowel preparation. Conclusion: The understanding of health professionals 
about the factors that influence the incidence of SSI in colon surgery may contribute to 
the quality of care provided to surgical patients, from effective actions to minimize the 
risk of infections.

DESCRIPTORS
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INTRODUCTION
The surgical site infection (SSI) has been pointed as 

the type of highest prevalence among infections associ-
ated with avoidable health care(1). It is also the second or 
third most common infection in the world among patients 
undergoing surgeries(2).

In Brazil, SSI ranks third among infections found in 
health services and represents 14-16% of infections in hos-
pitalized patients(3). The diagnosis of SSI is done by observ-
ing several factors, namely: the emergence of infection must 
occur within 30 days after surgery, or in cases of prosthesis 
implantation, in up to a year(2-3).

An extensive surveillance program can reduce the rates 
of surgical site infections in 30 to 40%, and for its effective-
ness, the real incidence of these infections and associated 
risk factors must be known(4).

In the literature, the SSI rates in colon surgery varied 
from 3.5 to 21.3%, and are pointed as the largest SSI rates 
among elective procedures(5-11). But diagnosing SSI only dur-
ing hospital stay has not provided actual rates, which may un-
derestimate the real values, as shown in a national study that 
notified 75% of SSI during post-discharge surveillance(10).

In the literature, the most prevalent risk factors for SSI 
in colon surgery related to the patient were: age > 75 years, 
obesity and classification of the American Society of Anes-
thesiology (ASA) ≥ 3. For the factors related to the surgical 
procedure, the most prevalent were: long surgeries (time > 
240 min), surgery classification according to the potential 
for contamination and open surgical approach(5-10).

Given the importance of measures for the prevention 
and control of SSI because of its high rates in colon surgery 
and the possibility of applying evidence-based interven-
tions on risk factors associated with SSI, this study aimed 
to verify the incidence of SSI and its risk factors related to 
the patient and the surgical procedure in patients undergo-
ing colon surgery in a tertiary hospital in the countryside 
of São Paulo.

METHOD
This is a retrospective cohort study. It was conducted 

at the Hospital das Clínicas of the Faculdade de Medicina 
de Botucatu (HC-FMB), located in the countryside of the 
state of São Paulo.

The study included adult patients (age ≥ 18 years) un-
dergoing colon surgery between January 2010 and Decem-
ber 2013, in follow-up from admission until discharge, and 
who received calls from a staff member the Committee of 
Infection Control related to Health Care (CCIRAS) of the 
HC-FMB 30 days after the date of surgery. The contact after 
patients’ discharge was done by nurses of the CCIRAS of the 
HC-FMB. Patients whose medical records were not avail-
able for consultation during the study period were excluded.

The epidemiological surveillance of hospital infections 
is part of the usual work routine of the CCIRAS nurses. 
The recommendations of the National Health Surveillance 
Agency (ANVISA) are used as diagnostic criteria for the 
SSI diagnosis(3).

The information of patients’ medical records and the 
epidemiological surveillance form completed by the CCI-
RAS nurses were used for data collection. The information 
of all hospital-acquired infections of the HC-FMB was also 
taken from these sources. All data were transcribed into a 
predetermined form.

The studied variables were:
Demographic: Name, age and gender;
Related to the patient: Diagnosis, ASA classification assessed 
by the anesthesiologist and defined as: Class I – normal 
healthy patients; Class II – patients with mild systemic dis-
ease; Class III – patients with severe systemic disease; Class 
IV – patients with severe systemic disease that is a constant 
threat to life; and Class V – a moribund patients who is not 
expected to survive without the operation(12).
Charlson index (severity of the clinical picture): assessed by 
the researchers, it interprets the gravity by the accumulation 
of diagnosed diseases (comorbidities). The result is obtained 
by adding the points attributed to each of the diagnoses. 
Although it was designed to assess the risk of death in 
chronic diseases(13), the Charlson index was appropriate to 
estimate the combined impact of comorbidities on the risk 
of acquiring nosocomial acute infections(14). Moreover, it is 
easily calculated from data collected retrospectively from 
medical records.
Diabetes mellitus is characterized by fasting blood glucose 
greater than 126 mg/dl or history of treatment with oral 
hypoglycemics and/or insulin.
The body mass index (BMI), calculated with the weight 
and height measurements according to the following for-
mula BMI = weight (kg)/height2 (cm) and classified as: low 
weight (BMI < 18.5); normal weight (BMI 18.5-24.99); 
overweight (BMI 25-29.99) and obesity (BMI ≥ 30.00).
History of alcohol consumption characterized by informa-
tion obtained in the first interview and classified as yes and 
no. Smoking habits characterized by information obtained 
in the first interview and classified as yes and no. Use of 
immunosuppressive drugs classified as yes and no. Chemo-
therapy and/or radiotherapy prior to surgery. Preexisting 
infection before the surgery. Glucose level in the periopera-
tive period.
Related to the surgical procedure: pre and post-surgical hos-
pitalization days. Mechanical bowel preparation: defined as 
a particular oral preparation or the rectal enema procedure 
before surgery to clean the fecal matter from intestinal lu-
men. Antibiotic prophylaxis classified as yes and no, drug 
used and time of use. Surgical time in minutes.
Potential of contamination, classified as(15): potentially con-
taminated: those carried out in tissues contaminated with 
small quantity of microbial flora or in tissues of difficult 
decontamination, in the absence of infectious and inflam-
matory process, and with discrete technical problems dur-
ing surgery.
Contaminated: those made in recently traumatized and 
open tissues colonized by abundant bacterial flora, with 
difficult or impossible decontamination, and all those in 
which there were gross technical failures, and absence of 
local suppuration.
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Infected: all surgeries performed in any tissue or organ in 
the presence of infectious process (local suppuration) and/
or necrotic tissue(15). Red blood cell transfusion in the peri-
operative period. Use of devices in the perioperative pe-
riod: indwelling urinary catheter, nasogastric tube and/or 
nasoenteral tube. Allocation and type of abdominal drains 
in the perioperative period. Ostomy procedures in the peri-
operative period. SSI: date of diagnosis, microbial etiology. 
Patient evolution: hospital discharge or death.

The information was stored in an Excel database (©Mi-
crosoft, Redmond, WA, USA) and analyzed using the Sta-
tistical Package for the Social Sciences for Windows, ver-
sion 19.0 (© IBM, Armonk, NY, USA).

First, the sample characterization was performed using 
absolute and relative frequencies, measures of central ten-
dency (mean and median) and dispersion (quartiles).

For the quantitative variables was verified adherence 
to the normal curve using the Kolmogorov-Smirnov test. 
For the variables without normality was applied the non-
parametric Mann-Whitney test between groups with and 
without SSI. The Chi-square test was used to verify the 
association of independent qualitative variables with the 
presence of infection. When this test could not be used due 
to the insufficient number of individuals, the Fisher’s exact 
test was chosen.

The multivariate analysis was performed using logis-
tic regression models. For variable selection was used the 
stepwise backward method. Briefly, the first model included 
all variables, and it was progressively reduced according to 
parameters of p<0.05 for inclusion and p<0.1 for perma-
nence(16). The significance parameter in the final model was 
p<0.05. As counter-evidence, we used the stepwise forward 
procedure, in which the variables were included one by one 
according to the same parameters (inclusion: p<0.05; per-
manence: p<0.1). The results were similar in both strategies.

The study was approved by the Research Ethics Com-
mittee of the Faculdade de Medicina de Botucatu – UN-
ESP, through the Plataforma Brasil program under number 
607.277, of 07/04/2014 (CAAE: 28966314.0.0000.5411).

RESULTS
From January 2010 until December 2013 were per-

formed 178 colon surgeries and all patients were followed 
from the time of admission until discharge. They received 
phone calls from the CCIRAS of the hospital 30 days af-
ter the date of surgery, except for those who died during 
the hospitalization period. We excluded 23 patients whose 
medical records were not available for consultation during 
the study period, representing 12.9% of loss. Therefore, the 
sample consisted of 155 patients.

In relation to the demographic characteristics of par-
ticipants, the female gender predominated (52.25%). The 
age range was 20-95 years, mean of 59.3 years and 50% of 
individuals were aged below 61 years.

Cancer of the colon and rectum were the most prevalent 
pathologies, followed by acute abdomen and intestinal sub-
occlusion, among others. The preoperative BMI of patients 
was found only in 92 medical records, and obesity was pres-

ent in 10 cases (10.8%). The Charlson index was used to 
estimate the severity of patients’ clinical picture, and it was 
higher in those who had SSI. The ASA classification given 
by anesthesiologists showed that 77.4% of patients had mild 
or severe systemic disease (ASA II and III).

Of all analyzed surgeries, 33 were performed in 2010, 
53 in 2011, 38 in 2012 and 31 in 2013. According to the 
potential for contamination, they were distributed in poten-
tially contaminated (75.4%), contaminated (16.7 %) and in-
fected (5.1%). Regarding the incidence of SSI in the studied 
period, 11 cases were diagnosed during hospitalization (7% 
rate), and 15 cases during post-discharge surveillance (9.7% 
rate), divided by the year of incidence, as shown in figure 1. 
Note that in 2010, 100% of cases were identified by post-
discharge surveillance. Thus, by performing post-discharge 
surveillance, the overall rate found was 16.7% of SSI. It was 
not possible to identify the microbial etiology of SSI given 
the non-systematic collection of material for culture.
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Figure 1 – Distribution of incidence rates of SSI in patients under-
going colon surgery during hospitalization and after discharge, 
according to the year of occurrence, HC-FMB – Botucatu, SP, Bra-
zil, 2010-2013.

Antibiotic prophylaxis was performed in 137 patients 
(88.4%) and the most prevalent prescribed drugs were 
cefoxitin (second-generation cephalosporin) in 54.0% of 
cases, followed by cefazolin (first-generation cephalosporin) 
with 24.8%, and ciprofloxacin (second-generation quino-
lone) associated with metronidazole in 16.8%. The mean 
duration of use was 2.5 days.

Mechanical bowel preparation was performed in 51.6% 
of patients, with incidence increased to 88.5% in patients 
who developed SSI. The main therapeutic indicated was 
enteroclysis (66.2%), followed by glycerol (47.5%), bisaco-
dyl (33.7%), mineral oil (30%) and magnesium hydroxide 
(18.7%). Note that 68.7% of patients used only a therapeutic 
method and 31.3% used two or more therapies associated.

In the perioperative period, transfusion of blood prod-
ucts was indicated for 58% of patients. Drains allocation 
during surgery occurred in 44.5% patients. The open drain-
age (Penrose drains) was the most used drainage type, in 
89.9% of cases versus 10.1% of closed drainage (portovac 
drain). Ostomies were performed in 25.8% of procedures.

The perioperative glycemic control is not routinely per-
formed in this service and data on hair removal and skin 
antisepsis were not found in the medical records, making 
the collection impossible.

A statistically significant association was found both in 
the univariate and in the multivariate analysis between the 
SSI and the following variables: male gender, Charlson in-
dex, and mechanical bowel preparation (Table 1).
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The outcomes associated with SSI were length of hospi-
talization and death, shown in table 2. The time of postop-
erative hospital stay was significantly higher among those 
who developed SSI, compared to those who did not develop 
this condition (p = 0.01).

Among the patients who underwent colon surgery, 26 
died resulting in an overall mortality rate of 16.8%.
Table 2 – Outcomes of patients undergoing colon surgery associ-
ated with SSI (univariate analysis), HC-FMB – Botucatu, SP, Brazil, 
2010-2013.

Evolution
Univariate analysis

SSI (26) Without SSI 
(129)

OR 
(CI 95%) p

Total hospitalization 
days 14.5 (10-20) 12 (8.5-18) … 0.2

Postoperative days 9.50 (8-13) 8 (6-11) … 0.01

Death 5 (18.5) 21 (16.4) … 0.8

Note: All results in figures (%). SSI= Surgical site infection. OR= Odds ratio. CI = 
Confidence interval.

DISCUSSION
Of the 155 patients undergoing colon surgery, were 

diagnosed 11 cases of SSI during hospitalization, and 15 

cases were reported with post-discharge surveillance, show-
ing an incidence of 7% and 9.7%, respectively, and the total 
of 16.7%. The incidence rate of SSI found was consistent 
with the literature data(5-11).

In a national prospective study conducted in a university 
hospital, of 357 patients undergoing surgery of the diges-
tive tract, were reported 64 SSI cases, of which 16 occurred 
during hospitalization, and 40 after discharge, resulting in 
incidences of 4.5% and 13.9%, respectively(10). In another 
prospective study in two teaching hospitals, 501 patients 
underwent gastrointestinal surgery, and 140 SSI cases 
were diagnosed, of which, 31 reported during hospitaliza-
tion and 109 during post-discharge, with incidence rates 
of 6.2% and 28%, respectively(11). Without completing the 
post-discharge follow-up, 77.9% of the SSI cases would not 
be notified(11). This shows that if the post-discharge surveil-
lance had not been performed, the overall rate of SSI would 
be greatly underreported.

This study showed that the risk factors for SSI related 
to patients were the male gender and the Charlson index. 
The factor related to the surgery was mechanical bow-
el preparation.

An American study evaluating the perioperative re-
sults in 115 patients undergoing renal laparoscopic pro-

Table 1 – Risk factors for acquiring SSI in colon surgery (univariate and multivariate analysis, HC-FMB – Botucatu, SP, Brazil, 2010-2013.

Risk factor
Univariate analysis Multivariate analysis

SSI (26) No SSI (129) OR (CI95%) p OR (CI95%) p

Demographic data

Age (median, quartiles) 63 (45-74) 60 (51-70) … 0.9

Male 19 (73.1) 55 (42.6) 3.65 (1.44-9.30) 0.005 3.53 (1.33-9.35) 0.01

Related to the patient

Alcoholism 1 (3.8) 12 (9.3) 0.39 (0.05-3.14) 0.7

Smoking habits 3 (11.5) 11 (8.5) 1.40 (0.36-5.41) 0.7

Chemotherapy 1 (3.8) 5 (3.9) 0.00 (0.11-8.86) 1

Radiotherapy 0 (0) 2 (1.6) … 1

ASA (median, quartiles) 2 (2-3) 2 (2-2) … 0.2

Charlson index (median, quartiles) 3 (1-3) 2 (0-2) … 0.002 1.66 (1.12-2.44) 0.01

Preoperative infection 0 (0) 2 (1.6) … 1

Related to the surgical procedure

Preoperative hospitalization days (median, 
quartiles) 2 (2-6) 4 (1-8) … 0.6

Bowel preparation 23 (88.5) 88 (63.3) 4.39 (1.25-15.42) 0.01 4.96 (1.33-18.54) 0.02

Antibiotic prophylaxis 24 (92.3) 113 (87.6) 1.70 (0.37-7.8) 0.7

Operative time (median, quartiles) 180 (120-196) 180 (120-240) … 0.7

Blood components 16 (61.5) 74 (57.4) 1.89 (0.50-2.82) 0.7

IUC use 21 (80.8) 101 (78.3) 1.16 (0.40-3.30) 0.8

NG use 7 (26.9) 58 (45.0) 0.45 (0.18-1.15) 0.09

NE use 0 (0.0) 3 (2.3) … 1

Drains 15 (57.5) 54 (41.9) 1.89 (0.81-4.45) 0.13

Ostomy 7 (26.9) 33 (25.6) 1.07 (0.41-2.78) 0.9

Note: All results in figures (%) unless otherwise specified. SSI = surgical site infection. OR= Odds ratio. CI = Confidence interval. ASA= American Society of Anesthesiology. 
IUC= Indwelling urinary catheter. NG= Nasogastric tube. NE= Nasoenteral tube.
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cedures found that patients with a Charlson comorbidity 
index> 2 were more likely to acquire perioperative compli-
cations than patients with a score<1 (p = 0.034)(17). Another 
Spanish study followed 186 patients who underwent sur-
gery because of acute mesenteric ischemia in a university 
hospital between 1990 and 2006. The Charlson index was 
calculated preoperatively for each patient and the periop-
erative mortality and overall survival were recorded. It con-
cluded that the Charlson index may be a predictive factor of 
perioperative mortality and long-term survival in patients 
operated for acute mesenteric ischemia(18). Thus, there is a 
trend in using the Charlson index not only as a predictor of 
mortality, but also as a predictor of postoperative complica-
tions such as the SSI, as demonstrated in the present study.

Mechanical bowel preparation was initially recom-
mended to reduce the bacterial load in the colon and 
thus, reduce infections(19). A literature review described 
the results of studies conducted between 2000 and 2010 
on mechanical bowel preparation versus no preparation 
of colon and rectum in elective surgical resections in the 
prevention of surgical site infections. It indicated that this 
practice may be safely abandoned for most procedures and 
patients, even though many surgeons continue to use the 
preoperative mechanical preparation routinely(19). Clinical 
trials and retrospective reviews found a trend of increased 
infectious complications in patients who underwent prepa-
ration, compared to those who did not(20-22). There are also 
reports of early return of bowel function and shorter hos-
pital stay among patients who did not undergo preparation 
before surgery(21-22).

However, a large multicenter study and a review con-
ducted by the Cochrane Collaboration found that there 
was no difference in the fistula rate or severity of infec-
tious complications when comparing a group that used 
mechanical bowel preparation and another group that did 
not use it(23-24).

Although several studies are favorable to the safety of 
colorectal procedures without mechanical bowel prepara-
tion, doctors have been cautious to abandon the practice(19). 
A study involving nearly 300 hospitals in Europe and the 
United States found that in 96% of patients admitted for 
colorectal procedure the mechanical bowel preparation was 
used preoperatively(25). Reports of Switzerland and New 
Zealand are more in line with the recommendations to 
abandon the practice, with less than half of doctors report-
ing the use of preparation in colon procedures. However, 

even in these countries, the use of preparation is common 
during anorectal surgeries (60-80%)(26-27).

In the present investigation, SSI was also associated 
with longer postoperative hospital stay. A study aimed to 
retrospectively evaluate the economic impact of nosocomial 
infections acquired in the ICU noted that patients with in-
fection, especially SSI and catheter-associated bloodstream 
infections, presented higher costs in the ICU(28). In addi-
tion to antimicrobials costs, other resources related to life 
support in these patients may account for higher expenses, 
implying on large economic impact of infections acquired 
in ICUs in hospitals of the SUS (Brazilian Unified Health 
system). In addition to direct expenses in health care, the in-
creased length of stay in the ICU may have a significant im-
pact in terms of public health, since this is a major limiting 
to intensive care access. National data related to expenses 
with materials and drugs in this patient group are scarce(28).

Finally, there are limitations when conducting a retro-
spective study, since it is not always possible to recover all 
information from patients’ medical records. The preopera-
tive BMI of patients was found only in 59.3% of medical 
records, the evaluation of perioperative blood glucose is not 
performed routinely in service, and data on trichotomy and 
antisepsis of the skin were not found in the records, mak-
ing the collection impossible. Twenty-three medical records 
were not found during the collection period, representing a 
loss of 12.9% of cases.

CONCLUSION
In this study, the incidence of SSI in patients undergo-

ing colon surgery was 16.7%, and of these, 9.7% were iden-
tified during post-discharge surveillance. The risk factors 
associated with SSI related to the patient were male gender 
and the Charlson index. The factor related to the surgery 
was the mechanical bowel preparation. SSI was also associ-
ated with longer postoperative hospital stay.

Hospital infections affect both developed and devel-
oping countries, directly altering the quality indicators of 
hospitals and the prognosis of patients, besides demanding 
higher costs for institutions and increasing the hospital stay.

As in other studies, it is key that the health professionals 
understand about the risk factors influencing the incidence 
of SSI. This way, they can contribute to new studies on the 
quality of care provided to surgical patients, from effective 
actions that minimize the risk of infections.

RESUMO
Objetivo: Identificar a ocorrência de infecção de sítio cirúrgico (ISC) e seus fatores de risco em pacientes submetidos a cirurgias 
de cólon, em um hospital terciário do interior paulista. Método: Estudo de coorte não concorrente, por meio do levantamento de 
informações contidas nos prontuários de pacientes submetidos a cirurgias de cólon no período compreendido entre janeiro de 2010 
e dezembro de 2013. As variáveis estudadas foram os possíveis fatores de risco ligados ao paciente, às características demográficas e 
ao procedimento cirúrgico. Resultados: Foram avaliados 155 pacientes, com uma incidência global de ISC de 16,7%. Encontrou-se 
associação estatisticamente significativa tanto na análise uni quanto na multivariada entre a ISC e as seguintes variáveis: sexo masculino, 
pontuação de Charlson e preparo mecânico intestinal. Conclusão: A compreensão dos profissionais de saúde sobre os fatores que 
influenciam a incidência de ISC nas cirurgias de cólon pode contribuir para a qualidade da assistência prestada ao paciente cirúrgico a 
partir de ações efetivas que minimizem os riscos de infecções.
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DESCRITORES
Infecção da Ferida Operatória; Cirurgia Colorretal; Enfermagem Perioperatória.

RESUMEN
Objetivo: Identificar la ocurrencia de infección de sitio quirúrgico (ISQ) y sus factores de riesgo en pacientes sometidos a cirugías de 
colon, en un hospital terciario del interior del Estado de São Paulo. Método: Estudio de cohorte no concurrente, mediante relevamiento 
de informaciones contenidas en las fichas de pacientes sometidos a cirugías de colon en el período comprendido entre enero de 2010 
y diciembre de 2013. Las variables estudiadas fueron los posibles factores de riesgo vinculados con el paciente, los rasgos demográficos 
y el procedimiento quirúrgico. Resultados: Fueron evaluados 155 pacientes, con una incidencia global de ISQ del 16,7%. Se encontró 
asociación estadísticamente significativa tanto en el análisis univariado como en el multivariado entre la ISQ y las siguientes variables: 
sexo masculino, puntuación de Charlson y preparación mecánica intestinal. Conclusión: La comprensión de los profesionales de la salud 
acerca de los factores que influencian la incidencia de ISQ en las cirugías de colon puede contribuir a la calidad de la asistencia prestada 
al paciente quirúrgico mediante acciones efectivas que minimicen los riesgos de infecciones.

DESCRIPTORES
Infección de Herida Operatoria; Cirugía Colorrectal; Enfermería Perioperatoria.
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