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Factors affecting surgical site infection rate after elective
gastric cancer surgery
Tolga Özmen, Mirkhalig Javadov, Cumhur S. Yeğen
ABSTRACT

Objective: Surgical site infection (SSI) is a common complication after surgery and is an indicator of quality of care.
Risk factors for SSI are studied thoroughly for most types of gastrointestinal surgeries and especially colorectal surgeries, but accumulated data is still lacking for gastric surgeries. We studied the parameters affecting SSI rate after
gastric cancer surgery.
Material and Methods: Consecutive patients, who underwent elective gastric cancer surgery between June and
December 2013, were included. Descriptive parameters, laboratory values and past medical histories were recorded
prospectively. All patients were followed for 1 month. Recorded parameters were compared between the SSI (+) and
SSI (-) groups.
Results: Fifty-two patients (mean age: 58.87±9.25 [31-80]; 67% male) were included. SSI incidence was 19%. ASA
score ≥3 (p<0.001), postoperative weight gain (p<0.001), smoking (p=0.014) and body mass index (BMI) ≥30
(p=0.025) were related with a higher SSI incidence. Also patients in the SSI (+) group had a higher preoperative
serum C-reactive protein level (p=0.014).
Conclusion: We assume that decreasing BMI to <30, stopping smoking at least 3 weeks before the operation, and
preventing postoperative weight gain by avoiding excessive intravenous hydration will all help decrease SSI rate
after gastric surgery.
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INTRODUCTION
The incidence of gastric cancer has been decreasing throughout the last decades after effective eradication of Helicobacter pylori infection, improved sanitation, refrigeration and a shift towards the consumption of fresh fruit and vegetables rather than red meat and high fat diet (1, 2). Nevertheless, gastric
cancer still remains to be the third most common cause of cancer related deaths (3), and gastric cancer
surgery is a commonly performed surgery in especially busy tertiary care centers.
Surgical site infections (SSI) are responsible for 38% of nosocomial infections (4, 5), and is one of the most
prominent morbidity after gastric surgery. Surgical site infections causes prolonged hospitalization and
increased surgery related costs (6, 7). ASA score, wound classification and duration of the operation are
the 3 SSI-related factors established by the National Nosocomial Infection Surveillance (NNIS) (8-10).
Risk factors for SSI are studied thoroughly for most types of gastrointestinal surgeries and especially
colorectal surgeries, but accumulated data is still lacking for gastric surgeries (11, 12).
Our hospital is a tertiary care center with more than 200 gastric cancer surgeries a year. In our clinic, we
experience a higher SSI rate than the stated rate (3-16%) for gastric surgeries in the literature (13-15). In
this study, our goal is to determine the factors affecting SSI rate after gastric surgery.
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MATERIAL AND METHODS
Patients and Study Design
The subjects of our prospective observational cohort study were consecutive patients who underwent
elective gastric surgery (distal subtotal or total gastrectomy with D2 lymphadenectomy) for gastric cancer. The inclusion criteria were: (1) patients diagnosed with resectable gastric cancer and undergoing
laparotomy; (2) being older than 18 years of age; (3) giving informed consent to participate in the study.
The exclusion criteria were: (1) signs of a clinically prominent infection detected on the day of admission; (2) an ASA score of ≥4; (3) laparoscopic surgery (seldomly performed in our clinic for gastric cancer
surgery).

Ulus Cerrahi Derg 2016; 32: 178-184
Data Collection
Patient age, gender, ASA score, BMI, history of co-morbidities
as diabetes mellitus (DM) and chronic obstructive pulmonary disease (COPD), type of surgery, anastomosis technique
(hand-sutured vs. stapled), operation duration, blood transfusion, ICU admission, tumor stage, body weight on the day of
hospital admission, daily changes in body weight postoperatively, length of hospital stay, readmission to the hospital, hospital costs, preoperative and postoperative laboratory studies
were recorded prospectively. In the NNIS report, the operation
duration was grouped according to the third percentile which
was 180 minutes for gastric cancer surgeries (16, 17). We also
used third percentile as a cut-off point which was 135 minutes
in our study. Patients were followed one month for SSI. They
were asked to visit the outpatient clinic on postoperative day
15 and day 30. Although it is not routinely done in our clinic for
all surgical site infections, swab culture was obtained from all
patients during the diagnosis of SSI for this study.
Definitions
All patients were operated by a single surgeon with more than
25 years of experience. Surgical residents assisted during the
surgery and no students scrubbed in. In our institution, we
remove hair using a clipper 30 minutes before surgery in the
operating room. We use povidone-iodine as the antiseptic solution. For prophylaxis, we use first generation cephalosporins.
If the patient is allergic to penicilline then we use fluoroquinolones. In this study, no patient was allergic to penicilline thus
fluoroquinolones were never used.

Blood tests were taken on the day of hospital admission.
Body weight was also measured on the day of admission
and each postoperative day. Mean values for postoperative
body weight measurements were calculated and compared
to the body weight measurement on the hospital admission
day. If the mean postoperative body weight was more than
the admission day body weight, the patient was accepted as
‘gained weight’ postoperatively. Patients who never smoked
or stopped smoking prior to 3 weeks before surgery were considered as nonsmokers.
The criterias used to define and classify SSI’s were established
according to the guidelines of the Committee of Disease Control (CDC) (Table 1) (4, 18, 19). Our study is designed and conducted according to the Helsinki declaration.
Statistical Analysis
Student’s t test was used to compare continous variables,
while chi-square test was used to compare categorical values.
Statistical Package for Social Sciences (SPSS) software version
18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. A p value less than 0.05 was considered as statistically significant.
RESULTS
In this study, 52 patients were included from June to December 2013. The mean age was 58.87±9.25 [31-80] years. The proportion of males was 67% (n=35) in our cohort. 21% (n=11) of

Table 1. Center for disease control classification of surgical site infection
Superficial Incisional SSI
Infection within 30 days after the operation and only involves skin and subcutaneous tissue of the incision and at least one of the following:
•

Purulent drainage with or without laboratory confirmation, from the superficial incision.

•

Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial incision.

•

At least one of the following signs or symptoms of infection: pain or tenderness, localized swelling, redness, or heat and superficial incision is deliberately opened by surgeon, unless incision is culture-negative.

Diagnosis of superficial incisional SSI made by a surgeon or attending physician.
Deep Incisional SSI
Infection occurs within 30 days after the operation if no implant is left in place or within one year if implant is in place and the infection appears
to be related to the operation and infection involves deep soft tissue (e.g. fascia, muscle) of the incision and at least one of the following:
•

Purulent drainage from the deep incision but not from the organ/space component of the surgical site.

•

A deep incision spontaneously dehisces or is deliberately opened by a surgeon when the patient has at least one of the following signs
or symptoms: fever (>38°C), localized pain or tenderness, unless incision is culture-negative.

•

An abscess or other evidence of infection involving the deep incision is found on direct examination, during reoperation, or by histopathologic or radiologic examination.

Diagnosis of deep incisional SSI made by a surgeon or attending physician.
Organ/Space SSI
Infection occurs within 30 days after the operation if no implant is left in place or within one year if implant is in place and the infection appears to be related to the operation and infection involves any part of the anatomy (e.g., organs and spaces) other than the incision which
was opened or manipulated during an operation and at least one of the following:
•

Purulent drainage from a drain that is placed through a stab wound into the organ/space.

•

Organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space.

•

An abscess or other evidence of infection involving the organ/space that is found on direct examination, during reoperation, or by histopathologic or radiologic examination.

Diagnosis of organ/space SSI made by a surgeon or attending physician.
SSI: Surgical site infection
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the patients had a family history of gastric cancer. 14% (n=7)
of the patients had an ASA score of ≥3. 23% (n=12) of the patients had a BMI of ≥30. 37% (n=19) of the patients were smoking. 8% (n=4) of the patients had a diagnosis of COPD and 14%
(n=7) of the patients had a diagnosis of DM (Table 2).
In our study, 55% (n=28) of the patients had a tumor stage
≥3. 54% (n=28) of the patients had a distal subtotal gastrectomy and 46% (n=24) had a total gastrectomy. The mean
operation duration was 130.47±50.48 [45-300] minutes. 27%
(n=14) of the patients received blood transfusion during their
hospital stay. 23% (n=12) of patients were transferred to the
ICU after surgery. 23% (n=12) of the patients gained weight
after surgery. Mean discharge day was 5.29±3.05 [3-24]. The
readmission rate was 6% (n=3). The mean hospital cost was
5305.77±2268.94 [1933-13603] USD (Table 2).

Table 2. Descriptive factors
Age (years) (mean±SD [Range])

58.87±9.25 [31-80]

Gender, n (%)
Male

35 (67)

Female

17 (33)

Family history of gastric cancer, n (%)

11 (21)

ASA score ≥3, n (%)

7 (14)

BMI ≥30 (kg/m ) n (%)

12 (23)

Smoking history, n (%)

19 (37)

2

Diagnosis of COPD, n (%)

4 (8)

Diagnosis of DM, n (%)

7 (14)

Tumor stage ≥3, n (%)

28 (55)

Surgery type, n (%)

The incidence of SSI was 19% (n=10). All patients diagnosed
with SSI had a superficial incisional infection. 50% (n=5) of the
SSI’s occurred during the hospital stay while the other 50%
(n=5) were diagnosed on the 15th day outpatient clinic visit
(Table 3). From the swab culture of 1 patient, group G streptococcus “Streptococcus disgalactia and Streptococcus anginosus”
were obtained. Enterobacter aerogenes was obtained from the
swab culture of another patient. Staphylococcus epidermidis
and Streptococcus mitis were obtained from the swab cultures
of 8 patients in the SSI (+) group (Table 4).

Distal subtotal gastrectomy

28 (54)

Total gastrectomy

24 (46)

Operation duration (minutes)
(mean±SD[Range])
Receiving blood transfusion, n (%)

14 (27)

ICU admission, n (%)

12 (23)

Patients gained weight after surgery, n (%)

12 (23)

Hospital stay (day) (mean±SD[Range])
Readmission rate, n (%)

When the SSI (+) and SSI (-) groups were compared an ASA
score of ≥3, a BMI of ≥30, and smoking history were more commonly encountered in the SSI (+) group (50% vs. 5%, p<0.001;
50% vs. 17%, p=0.025 and 70% vs. 29%, p=0.014, respectively).
Postoperative weight gain was also more common in the SSI
(+) group (70% vs. 12%, p<0.001) (Table 5). Patients in the SSI
(+) group had a higher preoperative serum C-reactive protein
value in comparison to the other group (60.44 (±54.31) mg/L
vs. 19.38 (±17.69) mg/L; p=0.01) (Table 6).
Age, gender, tumor stage, co-morbidities (COPD and DM),
type of surgery, anastomosis technique, operation duration,
blood transfusion, ICU admission, length of hospital stay, readmission rate and hospital costs were similar between the
two groups (Table 5).
DISCUSSION
The incidence of gastric cancer is inclined to decrease in the
past decades. Nevertheless, gastric cancer surgery is still frequently performed in tertiary care hospitals. According to various studies in the literature, SSI is one of the most common
comorbidities after gastric surgery with an incidence of 3-28%
(5, 13-15). Factors affecting SSI after colorectal surgery is thoroughly studied in the literature (11, 12), but data still needs to
be accumulated for gastric surgery.
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The incidence of SSI was 19% in our study. Although our
rate was similar to the rates reported from other developing
countries (5), it was above the rates reported from developed
countries (13, 14). When we compared the SSI (+) and SSI (-)
groups an ASA score of ≥3, a BMI of ≥30, postoperative weight

130.47±50.48 [45-300]

Hospital cost (USD) (mean±SD [Range])

5.29±3.05 [3-24]
3 (6)
5305.77±2268.94
[1933-13603]

COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; USD:
United States dollars. BMI: body mass index; ICU: intensive care unit

Table 3. SSI incidence and types
Incidence of SSI

n (%)
10 (19)

SSI classification
Superficial

10 (100)

Deep

0 (0)

Organ/space

0 (0)

Date of SSI diagnosis
During hospital stay

5 (50)

Postoperative day 15

5 (50)

Postoperative day 30

0 (0)

SSI: surgical site infection

Table 4. Swab culture results

n (%)

Group G Streptococcus
S. disgalactia

1 (5)

S. anginosus

1 (5)

Enterobacter aerogenes

1 (5)

Staphylococcus epidermidis

8 (42)

Streptococcus mitis

8 (42)
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SSI (-)

SSI (+)

p

58.38 (±10.87)

60.9 (±7.62)

0.4

Male

30 (71)

5 (50)

Female

12 (29)

5 (50)

<3

40 (95)

5 (50)

≥3

2 (5)

5 (50)

<30

35 (83)

5 (50)

≥30

7 (17)

5 (50)

Negative

30 (71)

3 (30)

Positive

12 (29)

7 (70)

COPD (-)

39 (93)

9 (90)

COPD (+)

3 (7)

1 (10)

DM (-)

36 (86)

9 (90)

DM (+)

6 (14)

1 (10)

Hand-sutured

34 (85)

7 (78)

Stapled

6 (15)

2 (22)

<135

28 (78)

6 (67)

≥135

8 (22)

3 (33)

Transfusion (-)

31 (74)

7 (70)

Transfusion (+)

11 (26)

3 (30)

Admission (-)

37 (88)

3 (30)

Admission (+)

5 (12)

7 (70)

Weight gain (-)

37 (88)

3 (30)

Weight gain (+)

5 (12)

7 (70)

Distal subtotal gastrectomy

22 (52)

6 (60)

Total gastrectomy

20 (48)

4 (40)

<3

16 (39)

7 (70)

≥3

25 (61)

3 (30)

5.27 (±3.24)

5.4 (±2.22)

0.88

2 (4.8)

1 (10)

0.65

2596 (±1131)

2235 (±814)

0.26

Table 5. Comparison of descriptive factors
Age (years) (mean [±SD])
Gender, n (%)

0.194

ASA score, n (%)
<0.001
OR 20 [3-131.7]

BMI (kg/m2) n (%)
0.025
OR 5 [1.1-2.2]

Smoking history, n (%)
0.014
OR 5.8 [1.3-26.4]

COPD, n (%)
0.761

DM, n (%)
0.721

Anastomosis technique, n (%)
0.712

Operation duration (minutes) n (%)
0.732

Erythrocyte suspension transfusion, n (%)
0.807

Intensive care unit admission, n (%)
0.761

Postoperative weight gain, n (%)
<0.001
OR 17.3 [3.3-89.3]

Type of surgery, n (%)
0.664

Tumor stage, n (%)

Discharge day (mean [±SD])
Readmission n (%)
Hospital cost (USD) (mean [±SD])

0.182

SSI: surgical site infection; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; USD: United States dollars. BMI: body mass index
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Table 6. Comparison of preoperative laboratory tests
SSI (-)
Mean (±SD)

SSI (+)
Mean (±SD)

p

Carcinoembryogenic
antigen (ng/mL)

10.07 (±7.62)

2.67 (±2.17)

0.28

Hemoglobin (g/dL)

11.12 (±2.28)

11.13 (±2.01)

0.99

Hematocrit (%)

33.58 (±6.09)

33.03 (±5.5)

0.79

White blood cells (uL)

7816 (±2131)

7920 (±2225)

0.89

284404
(±101993)

324100
(±112620)

0.33

93.88
(±22.78)

97.50
(±19.14)

0.61

Total protein (g/dL)

6.75 (±0.46)

5.83 (±0.47)

0.2

Albumin (g/dL)

3.91 (±0.71)

3.78 (±0.3)

0.4

Blood urea nitrogen
(mg/dL)

16.21 (±5.91)

16.18 (±5.60)

0.99

Creatinine (mg/dL)

0.99 (±0.1)

0.85 (±0.39)

0.33

C-reactive protein
(mg/L)

19.38
(±17.69)

60.44
(±54.31)

0.01

Platelet (uL)
Glucose (mg/dL)

SSI: surgical site infection

gain during hospital stay, smoking history, and preoperative
high CRP values were significantly more common in the SSI
(+) group.
Patients who gained weight during the postoperative period
were more commonly diagnosed with SSI in our study. The
most common reason of weight gain during the early postoperative period is excessive IV fluid administration. Excessive IV
fluid causes an increase in body weight and effects the mobility of the patient negatively. It also impairs tissue oxygenation
by accumulating in the interstitial space and raises susceptibility to SSI (20, 21). We think that balancing IV fluid treatment
meticulously and measuring patient weight on a daily basis
will help decrease SSI incidence.
Impaired tissue oxygenation is also encountered among
smoking individuals. It is well established that nicotine use
delays primary wound healing and increases the risk of SSI by
reducing the amount of oxygen carried to the wound by red
blood cells (22, 23). Also in our study smoking history was significantly more common in the SSI (+) group. Stopping smoking at least 3 weeks before surgery will reduce susceptibility of
the patient to SSI after gastric surgery.
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When the ASA score was first generated, the goal was not to
predict the SSI risk but anesthetic procedure related morbidity and mortality (22). Nevertheless, during the following years
ASA score has become a predictor of underlying disease severity and susceptibility of the patient to SSI. In the literature,
studies have been published reporting a correlation between
ASA score and SSI (8, 24-26). In our study, ASA scores of 3 and 4
were found more commonly in the SSI (+) group. We think that
ASA score is a reliable factor that aids the surgeon in defining
the susceptibility of the patient to SSI.

In our study, subjects with a BMI over 30 were more prone
to SSI. The correlation between BMI and SSI was reported in
the literature repeatedly (14, 27, 28). The composition of adipose tissue is relatively avascular, and a wound with a higher
amount of adipose tissue will have a lower tissue oxygenation.
Similar to the mechanism which excessive IV fluid causes susceptibility to SSI, the less oxygenated adipose tissue is more
prone to SSI. Also technical difficulties in obese patients and
necessity of a wider incision all contribute to the SSI risk of the
obese patient (29, 30). The interval between diagnosis and surgery is generally not long in gastric cancer patients, and the
patient might not be able to lose a considerable amount of
body weight. In our clinic, there is usually a 2-3 week interval
between the time of diagnosis and surgery. Taking into consideration the fact that obese patients lose weight more rapidly, we think it is reasonable to advise the patient on the date
of diagnosis to lose as much weight as possible before surgery
under the supervision of a dietician.
In the SSI (+) group, patients had significantly higher preoperative serum CRP levels. As an acute-phase reactant CRP
level can increase due to an underlying infection. It can also
be elevated in numerous noninfectious inflammatory processes (31). Serum CRP value is a marker of chronic systemic
inflammation and is positively associated with the amount of
adipose tissue in a healthy individual. Obese individuals tend
to have twice as high CRP levels as normal body weight individuals (32-34). We think that the reason of higher CRP levels
in the SSI (+) group was because more patients with a BMI ≥30
were within this group. We don’t think that routine preoperative CRP level measurement will help decrease the SSI rate.
Most of the studies in the literature reporting operation duration as a factor affecting SSI rate were conducted in multiple
centers with different expertise levels of surgeons and various
operation durations (13). In our study, the operation duration
was slightly higher in the SSI (+) group but the difference was
not statistically significant. A single surgeon with more than
25 years of experience operated on all the patients, and similar
operation durations were obtained for most cases. We think
that operation duration is a factor reflecting the expertise level
of the surgical team. Because of the single center design of our
study, operation duration was not found as a factor affecting
the SSI rate.
Although this study can be criticized with it’s small cohort size,
according to our knowledge, postoperative weight gain was
previously not reported as an SSI related factor after gastric surgery, and our study will make a contribution to the literature.
CONCLUSION
We assume that decreasing BMI to <30, stopping smoking at
least 3 weeks before the operation, and preventing postoperative weight gain by avoiding excessive IV hydration will all help
decrease SSI rate after gastric surgery.
Ethics Committee Approval: Authors declared that the research was
conducted according to the principles of the World Medical Association Declaration of Helsinki “Ethical Principles for Medical Research
Involving Human Subjects”, (amended in October 2013).

Ulus Cerrahi Derg 2016; 32: 178-184
Informed Consent: Written informed consent was obtained from patients who participated in this study.
Peer-review: Externally peer-reviewed.
Author Contributions: Concept – T.Ö.; Design – T.Ö.; Supervision – T.Ö.,
C.S.Y.; Resources – T.Ö., C.S.Y.; Materials – T.Ö., M.J.; Data Collection and/
or Processing – T.Ö., M.J.; Analysis and/or Interpretation – T.Ö., C.S.Y.;
Literature Search – T.Ö.; Writing Manuscript – T.Ö.; Critical Review –
T.Ö., C.S.Y.; Other – T.Ö., M.J., C.S.Y.
Conflict of Interest: No conflict of interest was declared by the authors.
Financial Disclosure: The authors declared that this study has received no financial support.

REFERENCES
1.
2.
3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Sonnenberg A. Differences in the birth-cohort patterns of gastric
cancer and peptic ulcer. Gut 2010; 59: 736-743. [CrossRef]
Lee YY, Derakhshan MH. Environmental and lifestyle risk factors
of gastric cancer. Arch Iran Med 2013; 16: 358-365.
Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et
al. Cancer incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer 2015; 136:
E359-386.
Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for prevention of surgical site infection, Hospital Infection
Control Practices Advisory Committee. Infect Control Hosp Epidemiol 1999; 20: 250-278.
Ozalp N, Zulfikaroglu B, Gocmen E, Acar A, Ekız I, Koc M, et al.
Risk factors for surgical site infection after gastrectomy with D2
lymphadenectomy. Surg Today 2009; 39: 1013-1015. [CrossRef]
Astagneau P, Rioux C, Golliot F, Brücker G. INCISO Network Study
Group. Morbidity and mortality associated with surgical site infections: results from the 1997-1999 INCISO surveillance. J Hosp
Infect 2001; 48: 267-274. [CrossRef]
Ríos J, Murillo C, Carrasco G, Humet C. Increase in costs attributable to surgical infection after appendicectomy and colectomy.
Gac Sanit 2003; 17: 218-225. [CrossRef]
Culver DH, Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG,
et al. National Nosocomial Infections Surveillance System. Surgical wound infection rates by wound class, operative procedure,
and patient risk index. Am J Med 1991; 91: 152-157. [CrossRef]
Gaynes RP, Culver DH, Horan TC, Edwards JR, Richards C, Tolson
JS. Surgical site infection (SSI) rates in the United States, 19921998: the National Nosocomial Infections Surveillance System
basic SSI risk index. Clin Infect Dis 2001; 33: 69-77. [CrossRef]
Roy MC, Herwaldt LA, Embrey R, Kuhns K, Wenzel RP, Perl TM.
Does the Centers for Disease Control’s NNIS system risk index
stratify patients undergoing cardiothoracic operations by their
risk of surgical-site infection? Infect Control Hosp Epidemiol
2000; 21: 186-190.
Tang R, Chen HH, Wang YL, Changchien CR, Chen JS, Hsu KC, et
al. Risk factors for surgical site infection after elective resection of
the colon and rectum: a single-center prospective study of 2,809
consecutive patients. Ann Surg 2001; 234: 181-189. [CrossRef]
Hedrick TL, Heckman JA, Smith RL, Sawyer RG, Friel CM, Foley
EF. Efficacy of protocol implementation on incidence of wound
infection in colorectal operations. J Am Coll Surg 2007; 205: 432438. [CrossRef]
Jeong SJ, Ann HW, Kim JK, Choi H, Kim CO, Han SJ, et al. Incidence
and risk factors for surgical site ınfection after gastric surgery: a
multicenter prospective cohort study. Infect Chemother 2013;
45: 422-430. [CrossRef]

14. Hirao M, Tsujinaka T, Imamura H, Kurokawa Y, Inoue K, Kimura Y,
et al. Overweight is a risk factor for surgical site infection following distal gastrectomy for gastric cancer. Gastric Cancer 2013; 16:
239-244. [CrossRef]
15. Hennessey DB, Burke JP, Ni-Dhonochu T, Shields C, Winter DC,
Mealy K. Preoperative hypoalbuminemia is an independent risk
factor for the development of surgical site infection following
gastrointestinal surgery. A multi-institutional study. Ann Surg
2010; 252: 325-329. [CrossRef]
16. NNIS System. National Nosocomial Infections Surveillance (NNIS)
System Report, data summary from January 1992 through June
2003, issued August 2003. Am J Infect Control 2003; 31: 481-498.
[CrossRef]
17. CDC. National Nosocomial Infections Surveillance (NNIS) report,
data summary from October 1986-April 1996, issued May 1996.
A report from the National Nosocomial Infections Surveillance
(NNIS) System. Am J Infect Control 1996; 24: 380-388.
18. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of nosocomial surgical site infections, 1992: a modification of CDC definitions of surgical wound infections. Infect Control Hosp Epidemiol 1992; 13: 606-608. [CrossRef]
19. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of nosocomial surgical site infections, 1992: a modification of CDC definitions of surgical wound infections. Am J Infect
Control 1992; 20: 271-274. [CrossRef]
20. Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical implications of perioperative fluid excess. Br J Anaesth 2002; 89:
622-632. [CrossRef]
21. Chestovich PJ, Lin AY, Yoo J. Fast-track pathways in colorectal surgery. Surg Clin North Am 2013; 93: 21-32. [CrossRef]
22. Bryan AJ, Lamarra M, Angelini GD, West RR, Breckenridge IM. Median sternotomy wound dehiscence: a retrospective case control
study of risk factors and outcome. J R Coll Surg Edinb 1992; 37:
305-308.
23. Jones JK, Triplett RG. The relationship of cigarette smoking to impaired
intraoral wound healing: a review of evidence and implications for patient care. J Oral Maxillofac Surg 1992; 50: 237-239. [CrossRef]
24. Owens WD, Felts JA, Spitznagel EL. ASA physical status classifications: a study of consistency of ratings. Anesthesiology 1978; 49:
239-243. [CrossRef]
25. Velasco E, Thuler LC, Martins CA, Dias LM, Gonçalves VM. Risk index for prediction of surgical site infection after oncology operations. Am J Infect Control 1998; 3: 217-223. [CrossRef]
26. Garibaldi RA. Risk factors for postoperative infection. Am J Med
1991; 91: 158-163. [CrossRef]
27. de Oliveira AC, Ciosak SI, Ferraz EM, Grinbaum RS. Surgical site infection in patients submitted to digestive surgery: risk prediction
and the NNIS risk index. Am J Infect Control 2006; 34: 201-207.
[CrossRef]
28. Nystrom AS, Jonstan A, Hojer H, Ling I. Incisional infection and
cancer among the elderly: a case control study. J Surg Oncol
1990; 45: 250-256. [CrossRef]
29. Gendall KA, Raniga S, Kennedy R, Frizelle FA. The impact of obesity on outcome after major colorectal surgery. Dis Colon Rectum
2007; 50: 2223-2237. [CrossRef]
30. Kabon B, Nagele A, Reddy D, Eagon C, Fleshman JW, Sessler DI, et
al. Obesity decreases perioperative tissue oxygenation. Anesthesiology 2004; 100: 274-280. [CrossRef]
31. Ghanem E, Antoci V Jr, Pulido L, Joshi A, Hozack W, Parvizi J. The
use of receiver operating characteristics analysis in determining
erythrocyte sedimentation rate and C-reactive protein levels in
diagnosing periprosthetic infection prior to revision total hip arthroplasty. Int J Infect Dis 2009; 13: 444-449. [CrossRef]

183

Özmen et al.
Surgical site infection after gastric surgery
32. Fedewa MV, Das BM, Forehand RL, Evans EM. Area-level socioeconomic status, adiposity, physical activity, and inflammation in
young adults. Prev Chronic Dis 2014; 11: E130.
33. Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive protein levels in overweight and obese adults.
JAMA 1999; 282: 2131-2135. [CrossRef]

184

34. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive protein in healthy subjects: associations with obesity, insulin resistance, and endothelial dysfunction: a potential role for cytokines
originating from adipose tissue? Arterioscler Thromb Vasc Biol
1999; 19: 972-978.

