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Background/Aims: Surgical site infection (SSI) is a major complication after
radical neck dissection (RND) in patients with head and neck cancer (HNC). We
investigated the incidence, risk factors, and etiology of SSI among patients who
underwent RND.

Methods: A retrospective cohort study was performed on HNC patients, exclud-
ing those with thyroid cancer, who underwent first RND at a teaching hospital
between January 2006 and June 2010. Medical records were collected and ana-
lyzed to evaluate the risk factors and microbiological etiologies.

Results: A total of 370 patients underwent first RND. The overall incidence of SSI
was 19.7% (73/370). Multivariate analysis showed that male sex (odds ratio [OR],
4.281; p = 0.004), cardiovascular diseases (OR, 1.941; p = 0.020), large amount of
blood loss during surgery (OR, 4.213; p = 0.001), and surgery lasting longer than
6 hours (OR, 4.213; p = 0.002) were significantly associated with SSI. The most
common causative pathogen was Staphylococcus aureus (32.6%), and 93.2% of S. au-
reus isolates were methicillin-resistant. Klebsiella pneumoniae (13/92, 14.1%), Pseu-
domonas aeruginosa (11/92, 12.0%), and Enterococcus species (11/92, 12.0%) were also
frequently detected.

Conclusions: Based on our results, we predict that certain groups of patients
are at high risk for SSIs after major HNC surgery. Preventive measures or close
monitoring in these patients may be required to reduce the likelihood of postop-
erative SSIs. Furthermore, even though additional research is required, we would
consider changing the prophylactic antibiotic regimens according to the caus-
ative organisms.
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INTRODUCTION

[2]. Surgery is the preferred treatment for HNC despite
the fact that treatment of HNC is complex and involves

Head and neck cancer (HNC) is the sixth most common
type of cancer, accounting for an estimated 650,000 new
cancer cases and 350,000 cancer deaths worldwide every
year [1]. More recently, the incidence of oropharyngeal
cancer in the younger population has been increasing
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multiple modalities. Wide resection and reconstruction
as standard therapies for HNC have improved cure rates
[3]. In patients with HNC, surgical site infection (SSI) has
been the most frequent and significant complication, at
varying rates [4-7]. The development of an SSI can cause
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prolonged hospital stays, increased health care costs, and
delayed access to postoperative adjuvant therapy [4,6,8].
Several studies have suggested numerous risk factors for
SSIs, including underlying medical conditions, smok-
ing, alcohol use, preoperative anesthesia risk (American
Society of Anesthesiologists [ASA] score), body mass in-
dex (BMI), presurgical tracheostomy, previous surgery,
length of preoperative hospital stay, prior chemotherapy
or radiotherapy, and blood loss [4-17]. However, signifi-
cant discrepancies exist between the findings of these
studies, and independent risk factors remain unclear.

The current study was conducted to evaluate inde-
pendent risk factors associated with SSIs involving the
upper respiratory or oropharyngeal mucosa in HNC. In
addition, we attempted to identify the causative organ-
isms for these infections.

METHODS

Study design and patients

We performed a retrospective cohort study to evaluate
risk factors for SSIs. We reviewed the electronic medi-
cal records of patients diagnosed with HNC from Jan-
uary 2006 to June 2010 at Hallym University Kangdong
Sacred Heart Hospital, a 700-bed secondary-level uni-
versity hospital at which the IIsong Head-and-Neck
Cancer Center is located. Patients diagnosed with HNC
underwent radical neck dissection involving the upper
digestive or respiratory tract were included. In addition,
only patients aged > 20 years who were undergoing their
first operations were included. Patients undergoing thy-
roid gland surgery with or without lymph node dissec-
tion were excluded. All operations were performed by
surgeons with more than 5 years of experience in head
and neck major oncological surgery or reconstruction.
All patients included in the study received prophylactic
antibiotics, and all surgical sites were disinfected with
povidone iodine before incision. All patients received
routine postoperative care, and surgeons or infectious
disease specialists diagnosed SSIs. The data collected
included age, sex, history of smoking and alcohol con-
sumption, underlying disease, primary site of tumor and
TNM stage, ASA score, National Nosocomial Infections
Surveillance System (NNIS) risk index, preoperative al-
bumin level (mg/mL), BMI, blood loss during surgery
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(mL), blood transfusion during surgery, operation time,
preoperative chemotherapy, preoperative radiotherapy,
duration of hospitalization before operation, causative
microorganisms, and prophylactic and therapeutic an-
tibiotics. Severity of comorbid conditions was calculated
using the Charlson comorbidity index [18]. This study
was approved by the Institutional Review Board of Hal-
lym University Kangdong Sacred Heart Hospital (Seoul,
South Korea) as required by the local hospital policy at
the time of the study.

Definitions

According to the Centers for Disease Control and Pre-
vention’s NNIS and the criteria laid out by Horan et al.
[19] and Johnson et al. [20], a SSI was defined by the oc-
currence of at least one of the following within 30 days
of surgery: purulent drainage from the incision, sponta-
neous dehiscence or deliberate opening of the incisions
with signs or symptoms of infection (pain, tenderness,
localized swelling, redness, or heat), an isolated organ-
ism from the incision, purulent discharge from drain-
age, or an abscess without evidence of clinical anasto-
motic leakage. According to the guidelines, SSIs are
classified as being either incisional or organ/space [21].
Incisional SSIs are further divided into those involving
only skin and subcutaneous tissue (superficial incisional
SSI) and those involving deeper soft tissue of the inci-
sion (deep incisional SSI). Organ/space SSIs involve any
part of the anatomy other than incised body wall layers
that were opened or manipulated during an operation.

Microbiologic methods

Microorganisms were identified by the VITEK 2 auto-
mated system (bioMerieux Inc., Hazelwood, MO, USA)
in a microbiology laboratory. Antimicrobial susceptibil-
ity testing was performed using the GNI (gram-negative
identification) card GPI (gram-positive identification)
card in a VITEK 2 automated system according to the
recommendations of the Clinical and Laboratory Stan-
dards Institute.

Statistical analysis

The chi-square or Fisher exact tests were used to com-
pare categorical variables. Continuous variables were
compared using the Student t test or Mann-Whitney
test. To identify independent risk factors for infection, a
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stepwise forward logistic regression analysis was used to
control for the effects of confounding variables. All risk
factors with a p < 0.05 at the univariate level were includ-
ed in the multivariate logistic regression.

All variables with a value of p < 0.05 were retained in
the final model. Interactions between variables were not
introduced into the models. Odds ratios and their 95%
confidence intervals were calculated. All tests of signifi-
cance were two-tailed, and those with a p value of < .05
were considered significant. SPSS version 18 (SPSS Inc.,
Chicago, IL, USA) was used for these analyses.

RESULTS

Clinical characteristics

During the study period, a total of 370 patients with
HNC were included in this study. Out of the total of 370
patients who underwent major HNC surgery, 73 (19.7%)
had SSIs. The vast majority of SSIs were in the form of
deep incisional SSIs (40/73, 54.8%), followed by superfi-
cial incisional SSIs (18/73, 24.7%) and organ/space SSIs
(15/73, 20.5%). The median time from surgery to diagno-
sis of SSI was 12 days (range, 1 to 29). Of the 73 SSIs, 52
SSIs (71.2%) developed within 14 days.

The mean age (+ standard deviation) of the study pop-
ulation was 59.02 + 13.09 years, and 290 patients (78.4%)
were male (Table 1). The most common underlying dis-
ease was cardiovascular disease (35.4%, 131/370). The most
common primary site of tumors was the hypopharynx
(179 cases, 48.4%), followed by the oral cavity (114 cases,
30.8%), salivary gland (34 cases, 9.2%), nasopharynx/sinus
(29 cases, 7.8%), neck (4 cases, 1.1%), and other (4 cases,
1.1%). The median duration of hospital stay was longer
in patients with SSIs than in those without SSIs (78.0
[interquartile range (IQR), 40 to 119] vs. 41.0 [IQR, 24.0
to 87.5], p < 0.001). Table 1 shows the demographic char-
acteristics of the patients and the incidence of SSIs. SSIs
were found to be more frequent in men than in women
(b =o0.001), and patients who were older (p = 0.019), smok-
ers (p = 0.005), or consumers of alcohol (p = 0.041) were
more likely to develop SSIs than their counterparts.

Risk factors for SSls
The association of SSIs with preoperative variables is
summarized in Table 1. Univariate analysis showed that
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cardiovascular disease (p = 0.006) and neurologic disease
(p = 0.022) were associated with SSIs.

Table 2 summarizes the association of SSIs with
perioperative variables. In the univariate analysis, an
ASA score = 3 (p = 0.005), NNIS risk index greater than 2
(b < 0.001), and operation time = 6 hours (p = 0.007) were
associated with SSIs. The amount of bleeding was great-
er in patients with SSIs than in those without SSIs (9oo
mL [IQR, 700 to 1,200] vs. 700 mL [IQR, 500 to 1,000], p
< 0.001). We determined a cutoff point for developing
SSIs. Using a receiver operating characteristic curve, we
determined blood loss during the operation of more
than 560 mL as the optimal cutoft point. Moreover, the
amount of blood transfusion was higher in patients with
SSIs than without SSIs, but this finding was without sta-
tistical significance (p = 0.051).

Multivariate analysis revealed that being male, having
a long operation time (over 6 hours), underlying cardio-
vascular disease, and blood loss during the operation
of more than 560 mL were independent risk factors for
SSIs (Table 3).

Causative microorganisms

A microbiological analysis was performed in all 73 pa-
tients with SSIs, and 6o patients showed positive cul-
ture results (Table 4). Twenty-nine patients had poly-
microbial infections (29/60, 48.3%). A total of 92 isolates
from 6o patients with SSIs included 47 gram-positive
organisms (51.5%), 41 gram-negative organisms (43.5%),
and 5 Candida species (5.4%). The most frequently iso-
lated pathogen was Staphylococcus aureus (30/92, 32.6%),
followed by Klebsiella pneumoniae (13/92, 14.1%), Pseudo-
monas aeruginosa (11/92, 12.0%), and Enterococcus species
(11/92, 2.0%). Twenty-eight of the S. aureus isolates were
methicillin-resistant S. aureus (MRSA) (93.3%). The resis-
tance rates to cefotaxime and ciprofloxacin among the
K. pneumoniae isolates were 30.8% (4/13) and 53.8% (7/13),
respectively. The most common organisms associated
with superficial incisional and deep incisional SSIs were
S. aureus, followed by K. pneumoniae and P. aeruginosa.
The distribution of pathogens showed a similar pattern
in the two types of SSIs. S. aureus was the most common
pathogen associated with organ/space SSIs, as expected.
Enterobacter species were more commonly associated
with organ/space SSIs (4/8, 50.0%) than with incisional
SSIs.
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Table 1. Baseline and demographic characteristics and incidence of surgical site infections in patients undergoing radical neck

dissection for head and neck cancer

Characteristic Total patients Patients with SSI Patients without SSI A
(n=370) (n=173) (n =297)
Male sex 290 (78.4) 68(93.2) 222 (74.7) 0.001
Age, yr 59.02 +13.09 62.23 £9.91 58.23 £13.66 0.005
Smoking 231 (62.4) 55 (75.3) 176 (59.3) 0.011
Alcohol 241 (65.1) 55 (75.3) 186 (62.6) 0.041
Body mass index, kg/m? 23.31 (20.65-25.38) 22.96 (20.40-25.45) 23.37 (20.77—25.40) 0.774
Underlying disease
Cardiovascular disease 131 (35.4) 36 (49.3) 95(32.0) 0.006
Chronic lung disease 56 (15.1) 10 (13.7) 46 (15.5) 0.702
Diabetes mellitus 51 (13.8) 14 (19.2) 37 (12.5) 0.136
Liver disease 18 (4.9) 2(2.7) 16 (5.4) 0.544
Neurologic disease 16 (4.3) 7(9.6) 9(3.0) 0.022
Renal disease 7(1.9) 1(1.4) 6 (2.0) 1.000
Charlson weighted index of comorbidity 3(2-3) 3(2—4) 2 (2-3) 0.055
Primary site of tumor 0.602
Oral cavity 114 (30.8) 21(28.8) 93 (313
Salivary gland 34(9.2) 4(5.5) 30 (10.1)
Nasal cavity/paranasal cavity 29 (7.8) 5(6.8) 24 (8.1)
Hypopharynx 179 (48.4) 41(56.2) 138 (46.5)
Ear 6(1.6) 2(2.7) 4(13)
Neck 4 (1) o 4(13)
Other 4(12) o 4(13)
Preoperative albumin level, g/dL 3.97 + 0.50 3.90 + 0.46 3.99 + 0.50 0.143
Preoperative hospital stay, day 6 (20-10) 7 (2-12) 6.5(2—9.5) 0.458
Preoperative chemotherapy 18 (4.9) 4(5.5) 14 (4.7) 0.764
Preoperative radiotherapy 22 (5.9) 6(8.2) 16 (5.4) 0.359

Values are presented as number (%), mean + SD, or median (interquartile range).

SSI, surgical site infection.

Treatment outcomes of SSls

Among the patients with SSIs, nine patients (12.33%) had
bacteremia secondary to SSI. Most patients (82.2%, 60/73)
improved within 7 days. However, 25 patients (34.3%) re-
quired surgical drainage, and one patient died as a result
of complications of SSI. Vancomycin and piperacillin/
tazobactam were widely used. Among the patients with
SSIs, 29 patients (39.7%) received combination therapy
with vancomycin plus piperacillin/tazobactam.

http://dx.doi.org/10.3904/kjim.2016.31.1.162

DISCUSSION

SSIs are one of the most common nosocomial infec-
tions that increase medical expenses [22]. Patients with
SSIs tend to have increased morbidity and mortality.
Major surgery for HNC frequently requires opening of
the mouth floor, oropharynx, nasopharynx, or proximal
esophagus, and these areas are likely to be contaminat-
ed by organisms residing in the mucosal surfaces. The
19.7% rate of SSIs observed in this study was consistent
with the findings of another study published in South
Korea [23] and previous studies [10]. However, our pa-

www.Kkjim.org 165


www.kjim.org

KJIM™

Table 2. Perioperative variables associated with surgical site infections in patients undergoing radical neck dissection for head
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and neck cancer
Characteristic Total patients Patients with SSI ~ Patients without SSI A
(n=370) (n=73) (n=297)

ASA score, =3 52 (14.2) 16 (21.9) 36 (12.2) 0.034

NNIS risk index, = 2 49 (13.2) 16 (21.9) 33 (11.2) <0.001

Prophylactic antibiotic administration 290 (78.4) 59 (80.8) 231 (77.8) 0.571

within 1 hour

Prophylactic antibiotics
Ampicillin/sulbactam 53 (14.3) 12 (1.4) 41(13.8) 0.565
1st cephalosporin 2.(0.5) 0(0.0) 2(07) 1.000
2nd cephalosporin 21(5.7) 2(2.7) 19 (6.4) 0394
3rd cephalosporin 212 (57.3) 37 (50.7) 175 (58.9) 0.202
Fluoroquinolone 17 (4.6 7(9.6) 10 (3.4) 0.023
Aminoglycoside 123 (33.2) 30 (41.1) 93 (313) 0.112
Clindamycin 169 (45.7) 40 (54.8) 129 (43.4) 0.081
Combination antibiotic therapy for 177 (47.8) 44 (60.3) 133 (44.8) 0.018
prophylaxis

Incision route
Including oral cavity 113 (30.5) 20 (27.4) 93 (31.3) 0.515

Blood transfusion, mL 200 (0—400) 400 (0-600) 200 (0—400) 0.051

Blood loss during operation = 560 mL 218 (58.9) 59 (80.8) 159 (53.5) <0.001

Operation time = 6 hours 206 (82.7) 70 (95.9) 236 (79.5) 0.001

Values are presented as number (%) or median (interquartile range).

SSI, surgical site infection; ASA score, American Society of Anesthesiologist’s preoperative assessment score; NNIS risk index,

National Nosocomial Infections Surveillance System risk index.

tients underwent surgery using clean-contaminated
procedures with opening of the upper aerodigestive
tract mucosa; therefore, the infection rate of our study is
relatively lower than that observed in other studies un-
der similar conditions [5,23). Male sex was a significant
risk factor for SSIs in the current study. This finding is
consistent with the studies by Belusic-Gobic et al. [10]
and Lee et al. [23], but inconsistent with other studies
that reported an association between underlying sys-
temic disease and infection [24,25]. In this study, among
underlying systemic diseases, only cardiovascular dis-
ease showed a significant association with SSIs.

We also observed a significant correlation between
long operation times and SSIs. If the operation time
is prolonged, there are more chances for exposure to
microorganisms in the mucous area; thus, allowing for
more chances for infection.

In this study, the most common pathogen associat-
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ed with SSIs was MRSA, followed by K. pneumoniae, P.
aeruginosa, and Enterococcus species. Previous studies
found similar results [5,10]. Moreover, 30.8% and 53.8%
of K. pneumoniae isolates were resistant to cefotaxime
and ciprofloxacin, respectively. According to common
pathogens and antibiotic resistance rates, we could rec-
ommend a combination of vancomycin and anti-pseu-
domonal penicillin or anti-pseudomonal cephalosporin
as initial empirical therapy.

All surgeries in this study were clean-contaminated
and involved opening of the mucosa in the oral cavity or
oropharynx or tracheobronchial tree. In a similar recent
study by Lee et al. [26], early postoperative hypoalbumin-
emia was found to be the only independent risk factor
for the development of SSI in patients undergoing ma-
jor HNC surgery. Risk factors for developing SSI in col-
orectal surgeries known as clean-contaminated surgery
were the presence of ostomy, preoperative steroids, and
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Table 3. Independent risk factors for surgical site infections in patients undergoing radical neck dissection for head and neck

cancer
Risk factor Adjusted OR (95% CI) pvalue
Male sex 4.281(1.608-11.396) 0.004
Cardiovascular disease 1.941 (1.108-3.400) 0.020
Blood loss during operation = 560 mL 4281 (1.608-11.396) 0.001
Operation time = 6 hours 4.213 (1.227-14.469) 0.002

OR, odds ratio; CI, confidence interval.

Table 4. Distribution of major microorganisms causing

surgical site infection (n = 92)

Microorganism No. (%)
Gram-positive aerobes 47 (51.1)
Staphylococcus aureus 30(32.6)
Enterococcus species 11 (12.0)
Coagulase-negative Staphylococcus 5(5.4)
Streptococcus pneumoniae 1(12)
Gram-negative aerobes 40 (43.5)
Klebsiella pneumoniae 13 (14.1)
Pseudomonas aeruginosa 11 (12.0)
Enterobacter species 8(87
Acinetobacter baumannii 5(5.4)
Escherichia coli 1(11)
Morganella morganii 1(1.1)
Burkholderia cepacia 1(12)
Candida 5(5.4)

preoperative radiation [27]. Risk factors associated with
SSI in patients undergoing clean surgery such as thy-
roidectomy were found to be obesity, alcohol use, and
long operation time [28]. As mentioned above, the risk
factors for SSI have been found to be different according
to the type of surgery. In the current study, deep inci-
sional SSI was the most common type of SSI, while su-
perficial SSI was the most common type of SSI in clean
surgery [28]. The incidence of deep incisional SSI and
organ/space SSI in HNC surgery was higher than that
in other types of surgery. Therefore, if SSI develops after
HNC surgery, it may be necessary to conduct radiologi-
cal examination early. In addition, clinicians should be
aware of the implications of low postoperative albumin
and consider more intensive postoperative care in HNC
patients.

http://dx.doi.org/10.3904/kjim.2016.31.1.162

Our study has some limitations. First, because this
study was of a retrospective nature, the possibility of a
limitation in performing accurate comparisons should
be borne in mind. This study was observational, and
thus unknown risk factors might have been unequally
distributed between the two groups. Second, the inci-
dence of SSI could have been underestimated because
mild cases may have been under-reported. Nevertheless,
the chance of neglected data or cases is very low because
all eligible patients were investigated and all patients re-
ceived very careful postoperative follow-up.

In conclusion, 19.7% of our study population devel-
oped an SSI (73/370). Multivariate analysis showed that
male sex, cardiovascular disease, blood loss during the
operation of more than 560 mL, and a long operation
time = 6 hours were significant risk factors for SSI. Last-
ly, the most commonly discovered pathogen was MRSA.
Based on our results, we are able to predict certain
groups of patients who are at high risk of developing
SSIs after major HNC surgery. Preventive measures or
close monitoring in these patients may be required to
reduce the likelihood of SSIs.

KEY MESSAGE

1. Of the 370 patients who underwent radical neck
dissection, 73 (19.7%) developed surgical site in-
fection.

2. Independent risk factors for surgical site in-
fection were male sex, cardiovascular disease,
blood loss during the operation of more than
560 mL, and a long operation time (= 6 hours).

3. The most common pathogen was methicil-
lin-resistant Staphylococcus aureus.
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