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Objective: To identify risk factors associated with surgical site infection (SSI) after major oral

oncological surgery.

Methods: This retrospective study reviewed data from patients that underwent major surgery
for oral cancer at a tertiary referral hospital in China between January 2005 and July 2016. SSI was
diagnosed within 30 days. Demographic, cancer-related, preoperative, perioperative and postop-
erative data were analysed using descriptive statistics and univariate and multivariate analyses of

the risk factors for SSI.

Results: A total of 786 patients were enrolled, of whom 125 had SSI (15.9%), which were all
incisional. Independent risk factors for SSI, identified by multivariate analysis, were diabetes
mellitus (odds ratio [OR] 2.147, 95% confidence interval [CI] 1.240, 3.642), prior radiotherapy
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(OR 4.595, 95% CI 1.293, 17.317) and oral-neck communication (OR 2.838, 95% CI 1.263,
7.604); and factors reflecting large extent resections were tracheostomy (OR 2.235, 95% CI
1.435, 3.525), anterolateral thigh flap (OR 1.971, 95% CI 1.103, 3.448) and latissimus dorsi flap

(OR 4.178, 95% CI 1.325, 13.189).

Conclusions: Multiple risk factors were associated with SSI after major oral oncological surgery.
To minimize SSI risk, surgeons managing oral cancer patients should have a better understanding
of the risk factors, including diabetes mellitus, prior radiotherapy, tracheostomy, oral-neck com-

munication and flap reconstruction.
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Introduction

Surgical site infection (SSI), defined as an
infection in a surgical wound within 30 days
after the procedure, is a common postoper-
ative complication of major oral oncologi-
cal surgery.'* Multiple factors contribute to
the process of infection in which microbes
interact with the host.® The incidence rate
of SSI after major surgery was reported to
range between 10% and 45% in oral cancer
patients.* ' Clinical symptoms of SSI
include tenseness, pain, fever, pus discharge
and wound dehiscence.'"'? Once SSI
occurs, it delays healing and results in the
postponement of adjuvant therapy admin-
istration, which may increase the risk of
tumour recurrence and mortality rate.'* '3
Significant functional morbidities, such as
language and swallowing dysfunction,
poor cosmetic results and poor quality
of life, may consequently occur."
Additionally, SSI prolongs hospitalization
and increases healthcare expenditure.'”
Aseptic surgery and preoperative antimi-
crobial prophylaxis are key measures for
preventing SSI.>'®!'7 However, the inci-
dence of SSI remains high, even if the prin-
ciple of sterilization was strictly followed

during the operation and antibiotics
were  preoperatively  administered.* '°
Unfortunately, there is still no consensus
about the selection of antibiotics and the
duration of antibiotic therapy. Therefore,
identifying the risk factors for SSI is critical
for developing proper preventive and ther-
apeutic strategies.

Many risk factors have been reported in
previous studies. For example, diabetes
mellitus, smoking, prior radiotherapy,
prior surgery, prior chemotherapy, poor
American Society of Anesthesiologists
physical status score, hypoalbuminaemia,
perioperative blood transfusion, tracheoto-
my, clean-contaminated wounds, length of
preoperative hospital stay, lymph node
metastasis and reconstruction with myocu-
taneous flaps or microvascular-free flaps
were observed to be associated with
SSI.8% 13151819 However, due to the differ-
ences in study design, patient population
and sample size, some discrepancies
remain in the literature. This study aimed
to identify the risk factors associated with
SSI after major surgery for oral cancer
through a retrospective study of cases
within 11 years at a tertiary referral hospital
in China.
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Patients and methods

Patient population and study design

This retrospective study reviewed the med-
ical records of consecutive patients that
underwent major surgery for oral cancer

in the Department of Oral
and  Maxillofacial ~ Surgery,  Beijing
Stomatological Hospital & School of

Stomatology, Capital Medical University,
Beijing, China between January 2005 and
July 2016. All patients received periopera-
tive antibiotic therapy and had their
surgical sites were disinfected with
povidone-iodine.  All  surgeries  were
performed by the same group of qualified
oral surgeons (Z.H., L.Q. & X.H.) with at
least 10 years of experience in this field.
Surgical procedures included the following:
excision of the tumour, neck dissection, and
flap reconstruction, if required. In some
cases, two or more of these procedures
may have been simultaneously performed.
The flaps were used to reconstruct tissue
defects arising from tumour resection. In
our institute, surgeons commonly utilize a
radial forearm flap for small soft tissue
defects and an anterolateral thigh flap for
large soft tissue defects. Patients undergo-
ing mandibulectomies for large mandibular
defects underwent fibula osteoseptocutane-
ous flap reconstructions. Latissimus dorsi
flap and pectoralis major pedicled flap
were used only when the condition of the
commonly preferred flap was poor or flap
necrosis was observed. The pectoralis major
flap was the only pedicled flap; all others
were free flaps. All wounds were catego-
rized into Class I to Class IV according to
the Centers for Disease Control (CDC)
Surgical Wound Classification.’®?! This
study exclusively included Class I (clean)
and Class II (clean-contaminated) wounds;
Class III (contaminated) and Class IV
(dirty-infected) wounds were excluded.

Patients whose medical records were incom-
plete were also excluded.

This retrospective study was conducted
in accordance with ethical principles,
including those of the World Medical
Association Declaration of Helsinki (2002
version). The study was approved by the
Institutional Review Board of the Beijing
Stomatological Hospital (no. CMUSH-
IRB-KJ-YJ-2017-11). Written or verbal
consent was obtained from all study partic-
ipants or their legally authorized
representatives.

Study outcomes

Patients were assigned to the following two
groups: those with SSI and those without
SSI. According to the CDC National
Nosocomial Infections Surveillance system
and Johnson’s criteria, SSI was defined as
an infection related to an operative proce-
dure, occurring at or near the surgical inci-
sion site within 30 days after the
procedure.'’**% Superficial or deep inci-
sional SSI was diagnosed if there was puru-
lent drainage from the incision, spontaneous
wound dehiscence, a wound that required
opening by surgeons because of signs or
symptoms of infection (pain, tenderness,
localized swelling, redness or heat) or a pos-
itive result from the bacterial culture of the
drainage fluid. Space SSI was diagnosed if
there was purulent discharge from drains
or an abscess without evidence of anasto-
motic leakage. From medical records, the
following five types of clinical data were col-
lected: demographic data, cancer-related
data, preoperative assessment, perioperative
assessment and postoperative assessment.
The clinical endpoint was the diagnosis of
SSI within 30 days after surgery.

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
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version 19.0 (IBM Corp., Armonk, NY,
USA). A two-sided Fisher’s exact test was
used to analyse the differences between cat-
egorical variables, whereas the Mann—
Whitney U-test was used to compare

continuous variables (age, body mass
index [BMI], preoperative hospital stay,
operation time, intravenous fluid,

blood loss, 4-day drainage). Based on the
World Health Organization recommenda-
tion in Asian populations, the BMI
categories were defined as follows: under-
weight (BMI < 18.5 kg/m?), normal weight
(BMI 18.5-23.0 kg/m?) and overweight/
obese (BMI > 23 kg/m?).?® Preoperative
laboratory test results of blood cell
analyses were defined according to param-
eters issued by the Ministry of Health of
China in 2012 as follows: red blood cells
(RBC) (men: normal > 4.3-< 5.8 x 10"
per 1, low<43x10"” vper 1, high-
>5.8% 10" per 1; women: normal > 3.8—
< 5.1 x 10" per 1, low<3.8x 10" per 1,
high > 5.1 x 10'? per 1); white blood cells
(WBC) (normal > 3.5-< 9.5 x 10° per 1,
low < 3.5% 10° per 1, high>9.5x 10° per
I); haemoglobin (men: normal > 130-
<175 g/, low< 130 g/l, high>175 g/l
women: normal > 115-<I50 g/l,
low <115 g/, high> 150 g/l); albumin
(normal > 40-<55 g/l, low <40 g/l, high-
> 55 g/l). A forward stepwise multivariate
logistic regression model was used to iden-
tify the independent risk factors associated
with SSI. A P-value < 0.05 was considered
statistically significant.

Results

Of 786 patients that underwent major sur-
gery for oral cancer, 125 (15.90%) devel-
oped SSI, which were all incisional SSI.
As shown in Table 1, the most common
pathological diagnosis was epidermoid car-
cinoma (n=735, 93.51%). There were 387
patients (49.24%) with lymph node metas-
tasis. Primary tumours were localized in the

tongue (n =305, 38.80%), gingiva (n=199,
25.32%) and buccal region (n=112,
14.25%). However, no association was
found between pathological diagnosis,
metastasis or tumour site and SSI on uni-
variate analysis.

The analysis of demographic data
showed positive associations between the
male sex (P=0.038), age (<58.5 years,
P=0.016) and diabetes mellitus
(P=0.008) with SSI (Table 2). Other
patient-related factors, such as BMI, tobac-
co smoking, alcohol consumption and other
comorbidities, were not significantly associ-
ated with SSI.

Three preoperative factors were positive-
ly correlated with SSI, namely prior radio-
therapy (P=0.001), weight loss > 10%
within 6 months prior to surgery
(P=0.006) and preoperative hospital
stay >9 days (P=0.049) (Table 3). Prior
chemotherapy, teeth cleaning, prior surgery
for the same cancer, preoperative immuno-
suppression and preoperative laboratory
test results (e.g. RBC count, WBC count,
haemoglobin and albumin) were not signif-
icantly associated with SSI.

Regarding perioperative factors (Table
4), length of surgical procedure >390 min
(P <0.001), intravenous infusion > 3500 ml
(P <0.001), blood loss > 500 ml
(P <0.001), blood transfusion (P=10.007)
and tracheostomy (P < 0.001) were associ-
ated with an increased incidence of SSI.
Among these 786 patients, 443 (56.36%)
underwent tumour excision with neck dis-
section and flap reconstruction. Type of
operation, type of flap reconstruction, the
extent of jawbone resection and oral-neck
communication were all significantly asso-
ciated with SSI (P < 0.001 for each compar-
ison). However, the type of neck dissection
was not a significant factor. Moreover,
plate reconstruction (343 patients, 43.64%;
P <0.001) and clean-contaminated wound
(706 patients, 89.82%; P=0.010) were
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Table I. Tumour characteristics in patients (n =786) that underwent major surgery for oral cancer that
were grouped according to the development of surgical site infection (SSI).

SSI(+) n=125 SSI () n=661 Total n=786
Characteristic n % n % n %
Pathological diagnosis
Epidermoid carcinoma 119 95.20 616 93.19 735 93.51
Adenocarcinoma 5 4.00 27 4.08 32 4.07
Mesenchymal carcinoma I 0.80 9 1.36 10 1.27
Melanoma 0 0.00 6 091 6 0.76
Ameloblastic carcinoma 0 0.00 3 0.45 3 0.38
Lymph node metastasis
Yes 64 51.20 323 48.87 387 49.24
No 6l 48.80 338 51.13 399 50.76
Tumour site
Tongue 48 3840 257 38.88 305 38.80
Gingiva 30 24.00 169 25.57 199 25.32
Buccal 16 12.80 96 14.52 112 14.25
Floor of mouth 18 14.40 49 741 67 8.52
Jawbone 6 4.80 39 5.90 45 5.73
Lips 0 0.00 16 242 16 2.04
Palate I 0.80 13 1.97 14 1.78
Submandibular 2 1.60 6 091 8 1.02
Retromolar region 2 1.60 6 091 8 1.02
Oropharynx I 0.80 6 091 7 0.89
Parotid gland I 0.80 4 0.61 5 0.64

No association was found between pathological diagnosis, lymph node metastasis or tumour site and SSI on univariate

analysis (P > 0.05); two-sided Fisher’s exact test.

significantly associated with higher rates of
SSI on univariate analysis.

After surgery, significant associations
were observed between SSI and the follow-
ing characteristics: post-surgical hypergly-
caemia (P=0.033), flap failure (P <0.001)
and 4-day drainage (P < 0.001) (Table 5).

Forward stepwise multivariate logistic
regression analysis revealed that indepen-
dent risk factors for SSI were diabetes mel-
litus (odd ratio [OR] 2.147, 95% confidence
interval [CI] 1.240, 3.642), prior radiother-
apy (OR 4.595, 95% CI 1.293, 17.317), tra-
cheostomy (OR 2.235, 95% CI 1.435,
3.525), perioperative oral-neck communi-
cation (OR 2.838, 95% CI 1.263, 7.604),
reconstruction with an anterolateral thigh
flap (OR 1.971, 95% CI 1.103, 3.448) and

reconstruction with a latissimus dorsi
flap (OR 4.178, 95% CI 1.325, 13.189)
(Table 6).

Discussion

Surgical site infection, as a serious compli-
cation after major surgery for oral cancer,
causes delays in wound healing and adju-
vant therapy, increases the chance of
cancer recurrence and postoperative mor-
tality, increases the expenditure of treat-
ment and reduces the quality of life."” In
order to prevent SSI, it is critical to identify
potential risk factors and take adequate
preventive measures. However, many fac-
tors, such as different study population,
sample size and research methodology,
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Table 2. Demographic characteristics in patients (n =786) that underwent major surgery for oral cancer
that were grouped according to the development of surgical site infection (SSI).

SSI(+) n=125 SSI () n=661 Total n=786
Statistical
Characteristic n % n % n % analysis*"b
Sex P=0.038"
Male 84 67.20 377 57.03 461 58.65
Female 41 32.80 284 42.97 325 4].35
Mean age, years P=0.016°
<58.5 8l 64.80 370 55.98 451 57.38
>585 44 35.20 291 44,02 335 42.62
Body mass index, kg/m? NS
18.5-23.0 39 31.20 227 34.34 266 33.84
<18.5 8 6.40 23 3.48 31 3.94
>23 78 62.40 411 62.18 489 62.21
Smoking NS
Yes 44 35.20 197 29.80 241 30.66
No 8l 64.80 464 70.20 545 69.34
Alcohol NS
Yes 32 25.6 144 21.79 176 22.39
No 93 74.4 517 78.21 610 77.61
Hypertension NS
Yes 35 28.00 207 31.32 242 30.79
No 90 72.00 454 68.68 544 69.21
Diabetes mellitus P=0.008"
Yes 25 20.00 73 11.04 98 12.47
No 100 80.00 588 88.96 688 87.53
Cardiovascular disease NS
Yes 13 10.40 82 12.41 95 12.09
No 112 89.60 579 87.59 691 87.91
Hyperlipidaemia NS
Yes 0 0.00 8 1.21 8 1.02
No 125 100.00 653 98.79 778 98.98
Pulmonary disease NS
Yes 2 1.60 18 2.72 20 2.54
No 123 98.40 643 97.28 766 97.46
Gastrointestinal disease NS
Yes 3 2.40 4 0.6l 7 0.89
No 122 97.60 657 99.39 779 99.11
Cerebrovascular disease NS
Yes 4 3.20 20 3.03 24 3.05
No 121 96.80 64| 96.97 762 96.95
Liver disease NS
Yes 5 4.00 21 3.18 26 3.31
No 120 96.00 640 96.82 760 96.69
Thyroid disease NS
Yes | 0.80 5 0.76 6 0.76
No 124 99.20 656 99.24 780 99.24

*Two-sided Fisher's exact test; "Mann—Whitney U-test; NS, no significant association (P > 0.05).
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Table 3. Preoperative characteristics in patients (n = 786) that underwent major surgery for oral cancer
that were grouped according to the development of surgical site infection (SSI).

SSI (+) n=125 SSI (-) n=661 Total n=786

Statistical
Characteristic n % n % n % analysis™®
Prior radiotherapy P=0.001"
Yes 7 5.60 5 0.76 12 1.53
No 118 9440 656 9924 774 9847
Prior chemotherapy NS
Yes 46 36.80 191 2890 237 30.15
No 79 6320 470 71.10 549 69.85
Teeth cleaning NS
Yes 21 1680 139  21.03 160 20.36
No 104 8320 522 7897 626 79.64
Previous surgery for the same neoplasia NS
Yes 19 1520 111 16.79 130 16.54
No 106 8480 550 8321 656 83.46
Weight loss > 10% in previous 6 months P=10.006"
Yes 9 7.20 14 2.12 23 293
No Ié 9280 647 9788 763 97.07
Immunosuppression NS
Yes 0 0.00 2 0.30 2 0.25
No 125 100.00 659 99.70 784 99.75
Mean preoperative hospital stay, days P=0.049°
<9 73 5840 417 63.09 490 62.34
>9 52 41.60 244 3691 296  37.66
Red blood cell count NS
Normal 93 7440 498 7534 591 75.19
Low 32 2560 150  22.69 182  23.16
High 0 0.00 13 1.97 13 1.65
White blood cell count NS
Normal 110 8800 595 90.02 705 89.69
Low 5 4.00 21 3.18 26 3.31
High 10 8.00 45 6.81 55 7.00
Haemoglobin NS
Normal 98 7840 542 82.00 640 81.42
Low 24 19.20 106 16.04 130 16.54
High 3 2.40 13 1.97 16 2.04
Albumin NS
Normal 71 5680 415 6278 486 61.83
Low 54 4320 243 3676 297 3779
High 0 0.00 3 0.45 3 0.38

*Two-sided Fisher’s exact test; "Mann—Whitney U-test; NS, no significant association (P > 0.05).

have contributed to discrepancies in  This current study focused on patients
previous research on the risk factors  that underwent major surgery for oral
for SSI.¥ 101313181927 There is a need  cancer, including cancer of the oral cavity
to study specific patient populations. and oropharynx, submandibular region and
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Table 4. Perioperative characteristics in patients (n = 786) that underwent major surgery for oral cancer
that were grouped according to the development of surgical site infection (SSI).

SSI(+) n=125  SSI(-)n=661  Total n=786

Statistical
Characteristic n % n % n % analysis*"b
Mean operation time, min P<0.001®
<390 36 28.80 338 51.13 374 47.58
>390 89 71.20 323 48.87 412 52.42
Mean intravenous liquid, ml P<0.001°
<3500 44 35.20 386 58.40 430 5471
>3500 8l 64.80 275 4].60 356 4529
Mean blood loss, ml P<0.001°
<500 49 39.20 420 63.54 469 59.67
>500 76 60.80 24| 36.46 317 40.33
Transfusion P=0.007%
Yes 13 10.40 27 4.08 40 5.09
No 112 89.60 634 95.92 746 9491
Tracheostomy P<0.0017
Yes 86 68.80 260 39.33 346 44.02
No 39 31.20 401 60.67 440 55.98
Type of operation P<o0.001%
Unilateral neck dissection | 0.80 61 9.23 62 7.89
Bilateral neck dissection | 0.80 5 0.76 6 0.76
Tumour excision with flap | 0.80 5 0.76 6 0.76
reconstruction
Tumour excision with neck 25 20.00 244 36.91 269 34.22
dissection
Tumour excision with neck 97 77.60 346 52.34 443 56.36
dissection and flap
reconstruction
Neck dissection NS
No | 0.80 4 0.6l 5 0.64
Selective 108 86.40 570 86.23 678 86.26
Modified 3 2.40 19 2.87 22 2.80
Radical 8 6.40 32 4.84 40 5.09
Bilateral 5 4.00 36 5.45 4] 522
Flap reconstruction P<o0.001%
No 27 21.60 312 47.20 339 43.13
Radial forearm flap 29 23.20 162 2451 191 24.30
Fibula osteoseptocutaneous flap 32 25.60 115 17.40 147 18.70
Anterolateral thigh flap 23 18.40 50 7.56 73 9.29
Latissimus dorsi flap 8 6.40 7 1.06 15 1.91
Pectoralis major pedicled flap 6 4.80 15 227 21 2.67
Plate reconstruction P<0.001%
Yes 79 63.20 264 39.94 343 43.64
No 46 36.80 397 60.06 443 56.36

(continued)
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Table 4. Continued.

SSI(+) n=125 SSI (<) n=661 Total n =786

Statistical

Characteristic n % n % n % analysis™®

Extent of jawbone resection P<o0.0017
No 25 20.00 272 41.15 297 37.79
Block mandibulectomy I 8.80 82 12.41 93 11.83
Marginal mandibulectomy 25 20.00 91 13.77 116 14.76
Segmental mandibulectomy 32 25.60 84 12.71 116 14.76
Mandibulotomy 29 23.20 77 I1.65 106 13.49
Infrastructure maxillectomy 0 0.00 3 0.45 3 0.38
Hemimandibulectomy 2 1.60 31 4.69 33 4.20
Subtotal maxillectomy | 0.80 20 3.03 21 2.67
Total mandibulectomy 0 0.00 | 0.15 I 0.13

Oral-neck communication P<o0.001°
Yes 119 95.20 531 80.33 650 82.70
No 6 4.80 130 19.67 136 17.30

Wound class P=0.010°
Clean 5 4.00 75 11.35 80 10.18
Clean-contaminated 120 96.00 586 88.65 706 89.82

*Two-sided Fisher’s exact test ; "Mann—Whitney U-test; NS, no significant association (P > 0.05).

parotid gland. However, cancers in the
larynx, thyroid, skin and other head and
neck regions were excluded. In this current
study population, the incidence of SSI was
15.9% and all were incisional SSI.

Diabetes mellitus has been identified as a
risk factor for SSI by several studies using
univariate analyses,'>*® multivariate analy-
ses'® and meta-analyses.” In this current
study, diabetes mellitus was demonstrated
to be an independent risk factor for SSI.
With multivariate analysis, the risk of
developing SSI in patients with diabetes
mellitus increased more than two-fold
compared with those without diabetes mel-
litus. It is well established that diabetes
mellitus causes microvasculopathy and
immunosuppression, which interfere with
wound healing.***" As such, the 2017
CDC guideline for the prevention of SSI
recommends the implementation of periop-
erative glycaemic control with a blood glu-
cose target level <200 mg/dl for patients
with or without diabetes mellitus.?%*

Patients that underwent prior radiother-
apy had a 58.33% (seven of 12 patients)
chance of developing SSI in this current
study, suggesting that prior radiotherapy
is an independent risk factor for SSI.
This observation was consistent with that
of previous studies.”'>**** As an adjuvant
therapy for oral cancer, radiotherapy elim-
inates cancerous cells but also damages
healthy cells, leading to problems with
wound healing.'* These side-effects from
radiation-induced DNA mutations, micro-
vascular damage and soft tissue fibrosis
reduce collagen deposition and angiogene-
sis during wound healing.'*'>  Adverse
effects tend to be protracted.> A previous
study reported radiation complications
associated with additional surgery later
than 1 week after the initial reconstructive
surgery.”> This finding suggested that
SSI, which results in the need to reopen
the wound, should be identified as soon
as possible to minimize radiation
complications.
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Table 5. Postoperative characteristics in patients (n = 786) that underwent major surgery for oral cancer
that were grouped according to the development of surgical site infection (SSI).

SSI(+) n=125 SSI () n=661 Total n =786
Statistical
Characteristic n % n % n % analysis™®
Haematomas NS
Yes 7 5.60 23 3.48 30 3.82
No 118 94.40 638 96.52 756 96.18
Corticosteroid use NS
Yes 117 93.60 612 92.59 729 92.75
No 8 6.40 49 741 57 7.25
Post-surgical hyperglycaemia P=0.033"
Yes 17 13.60 49 741 66 8.40
No 108 86.40 612 92.59 720 91.60
Flap failure P<0.001%
Yes 12 9.60 28 4.24 40 5.09
No 113 90.40 633 95.76 746 94.91
Other infections NS
No 123 98.40 646 97.73 769 97.84
Pneumonia 2 1.60 7 1.06 9 I.15
Urinary tract infection 0 0.00 4 0.6l 4 0.51
Upper respiratory infection 0 0.00 4 0.61 4 0.51
Mean drainage of day I, ml P<0.001°
<200 60 48.00 450 68.08 510 64.89
>200 65 52.00 211 31.92 276 35.11
Mean drainage of day 2, ml P<0.001°
<100 52 41.60 389 58.85 44| 56.11
>100 73 58.40 272 41.15 345 43.89
Mean drainage of day 3, ml P<0.001°
<80 79 63.20 532 80.48 611 77.74
>80 46 36.80 129 19.52 175 22.26
Mean drainage of day 4, ml P<0.001°
<30 64 51.20 387 58.55 451 57.38
>30 6l 48.80 274 41.45 335 42.62
Mean total drainage of 4 days, ml P<0.001°
<380 51 40.80 393 59.46 444 56.49
>380 74 59.20 268 40.54 342 4351

*Two-sided Fisher’s exact test; "Mann—Whitney U-test; NS, no significant association (P > 0.05).

Tracheostomy is often used for patients
with oral cancer to prevent asphyxia due to
airway obstruction during or after surgery.
Many previous investigations have shown
that tracheostomy is significantly associated
with SSL.!*!527:36 In this current study,
patients that wunderwent tracheostomy
were two-times more likely to experience

SSI than those that did not. Potential con-
tamination through tracheostomy may
occur as a result of the exposure of the sur-
gical wound to the skin or a permanent
communication between the respiratory
tract and the wound. Polymicrobial flora
of the upper aerodigestive tract secretions
that collect around a tracheostomy tube
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Table 6. Forward stepwise multivariate logistic regression analysis of independent risk factors for surgical
site infection in patients (n =786) that underwent major surgery for oral cancer.

Risk factors P-value QOdds ratio 95% confidence interval
Diabetes mellitus P=10.005 2.147 1.240, 3.642

Prior radiotherapy P=0.018 4.595 1.293, 17317
Tracheostomy P<0.001 2.235 1.435, 3.525

Oral-neck communication P=0.021 2.838 1.263, 7.604
Anterolateral thigh flap P=0.019 1.971 1.103, 3.448

Latissimus dorsi flap P=0.013 4,178 1.325, 13.189

postoperatively may cause infection of neck
wounds.'>?>3738 In addition, tracheostomy
tends to be used with a large oral cavity
resection combined with mandibulotomy,
indicating a complicated surgical process.
Similarly, it tended to be involved in the
formation of oral-neck communication, as
mentioned below, increasing SSI incidence.

As a result of en bloc resection of the
primary tumour and related lymphadenop-
athies, oral-neck communication has been
proposed as a risk factor for SSI in the lit-
erature.”® When the tumour involves the
mouth floor, lower gingiva, the base of the
tongue and unsafe lymph nodes in layers of
the mouth floor musculature, the removal
of mouth floor musculatures and lymphatic
basins during the resection procedures
results in a through-and-through defect
connecting the oral cavity and neck. This
orocutanecous communication is different
from a fistula; it is surgically created for
therapeutic reasons during the operation.
These current data supported oral-neck
communication as a significant risk factor
for SSI. The incidence of SSI in patients
with oral-neck communication was as
high as 18.31% (119 of 650 patients) and
multivariate analysis indicated that patients
with  oral-neck communication were
approximately three-times more likely to
develop SSIs than those without it.
Perioperative oral-neck communication
facilitates the growth of microorganisms in

the oral cavity and upper aerodigestive tract
in a clean dissected neck, to generate post-
operative SSI if the patient is unprotected
by empiric prophylactic antibiotics.

Flap reconstruction is frequently needed
in oral cancer because of the resulting tissue
defect after radical resection. In this current
study, 43.13% (339 of 786 patients) under-
went primary closure and all others received
flap reconstructions. The most frequently
used flap in this current study was a radial
forearm flap, with fibula osteoseptocutane-
ous flap as the second and anterolateral
thigh flap as the third. Previous literature
reported that the frequency of SSI after
reconstruction with a microvascular flap
ranged from 26% to 48%.%*! In this cur-
rent study, latissimus dorsi flaps had the
highest incidence of SSI (53.33%; eight of
15 patients), with anterolateral thigh flaps
(31.51%; 23 of 73 patients) and pectoralis
major flaps (28.57%; six of 21 patients)
coming second and third, respectively.
Even with multiple logistic regression model-
ling, flap reconstruction remained signifi-
cantly related to SSI, and both
anterolateral thigh and latissimus dorsi
flaps were independent risk factors for SSI.
Flap reconstruction often indicates a com-
plex procedure, long surgery time, large
tissue defect and high blood loss, which
may all contribute to SSI.** In our institute,
reconstruction using latissimus dorsi flaps
usually requires the turning over of patients
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to prepare the flaps. Consequently, this pro-
longs the duration of surgery and increases
blood loss and the chances of SSI occur-
rence. Previous research demonstrated a
novel technique of harvesting the subscapu-
lar system of flaps, as well as latissimus dorsi
flaps.** The authors used a supine position
to prepare and drape, and the patient’s arm
was propped up using a bolster without the
need for the patient to be rotated.** Ablation
and harvesting can be simultanecously per-
formed in this modified supine position to
reduce the surgery time, thereby ensuring a
low chance of developing SSI; however, the
disadvantage is that it requires a two-team
approach simultaneously.*’

Paradoxically, the univariate analysis
revealed that younger patients (<58.5
years) were more likely to develop SSI
than older ones (>58.5 years). This may
be because older patients tend to experience
systemic comorbidities, and consequently,
are more likely to be excluded from surgery.

This current study had two limitations:
(1) when patients were further classified into
various categories, the sample size was
occasionally insufficient in the subgroups
to allow the generation of statistically pow-
erful conclusions; (ii) some patients were
excluded from this study due to incomplete
medical record information.

In conclusion, several independent risk
factors for SSI were identified among
patients undergoing major surgery for oral
cancer. These current data indicate that
patients that have diabetes mellitus or
underwent prior radiotherapy, tracheosto-
my, perioperative oral-neck communica-
tion caused by surgery and flap
reconstruction were more susceptible to
SSI. Therefore, patients with these risk fac-
tors may require close postoperative moni-
toring for possible SSI. In theory, better
management of these risk factors would
improve the surgical outcome for patients
with oral cancer.
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