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ABSTRACT

Background: By using predictive scores to identify and quantify risk of Surgical site infections (SSI), preventive
measures can be directed effectively to improve patient outcome post operatively. This study was undertaken to
compare the National Nosocomial Infections Surveillance (NNIS) risk index and COLA (contamination, obesity,
laparotomy and ASA grade) scores to predict risk of SSI among patients undergoing colorectal resection.

Methods: A total of 77 patients who underwent colorectal resection at a tertiary care hospital were enrolled in this
study. Wound surveillance was performed in all patients during the hospital stay and follow-up information for 30
days postoperatively was collected. Data analysis was done in SPSS version 20.0 for windows. Descriptive analysis
was used to exhibit the clinical parameters. Differences between groups were tested by Pearson chi-square and
fisher’s exact test. ROC curves were utilized. All the statistical tests were examined with 5% (p<0.05) level of
significance.

Results: Incidence of overall SSI was 28.6%. Superficial SSI was more common (14.3%). Serious organ/deep space
infection occurred only in 9.1%. Area under the curve (AUC) for NNIS score was 0.645 (95% CI. 0.510-0.781,
p<0.05) and 0.611 for the COLA score. (95% ClI: 0.472-0.750, p>0.05). Therefore, both these scores have less than
acceptable accuracy in this data set to predict SSI.

Conclusions: The risk prediction models (NNIS, COLA) although simple, did not accurately predict the risk of SSI in
the given study population.
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INTRODUCTION

Colorectal surgeries are associated with high rates of
surgical site infection (SSI) which widely ranges from
5% to 30% as reported in literature, causing post-
operative morbidity.’® In order to address this
postoperative complication, a risk prediction index was
formulated by Culver et al in 1991 called National
nosocomial infections surveillance (NNIS) risk index.
This risk index is composed of the following three
criteria: American Society of Anesthesiologists grade of

3, 4, or 5; an operation classified as contaminated or
dirty-infected; and a prolonged length of operation more
than T hours (where T is approximate 75™ percentile of
duration of the specific operation being performed) and
each operation is scored by counting the number of
factors present. The score ranges from 0 to 3, with higher
score associated with higher rate of SSI.# NNIS risk index
does not consider specific factors for colorectal surgery.
Hence Gervaz constructed a new scoring system for
colorectal procedures called COLA score which is based
on four risk factors predictive of SSI: contamination of
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wound, obesity, laparotomy and ASA grade and score
ranged from 0 to 4. Risk of SSI ranged from less than
10% for score of zero and exceeded 40% for score of
three or more. This COLA score has an advantage of
including surgical approach in order to improve the
predictive value.® This study was undertaken to compare
the above-mentioned scores to predict risk of SSI among
patients undergoing colorectal surgery.

METHODS
Study location, setting and duration

This observational study was a hospital-based study
conducted in a 1250 bedded multispecialty tertiary-care
hospital Kovai Medical Center and Hospital, Coimbatore,
India from July 2018 to December 2019.

Inclusion and exclusion criteria

Patients aged above 18 years undergoing colorectal
resection surgery (elective and emergency) willing to
participate were included. Exclusion criteria for current
study were; lost to follow-up, death of participating
patient before postoperative 30" day, small bowel
surgeries and minor procedures like stoma reversal and
patient’s refusal.

Procedure

A total of 77 patients were enrolled in the study.
Preoperative and intraoperative data were collected. All
operations were performed by consultant surgeons. All
patients received prophylactic intravenous antibiotics.
During the postoperative period, patients were followed
till the time of discharge in the ward. The wound was
examined by the surgical resident of the operating team at
least once a day till the day of discharge. Pus was sent for
culture when present. 30 days SSI surveillance was
continued by reviewing the patient during clinical visit to
surgical OP. When encountered, such wound infections
were managed by local wound wash, daily dressing, oral
or intravenous antibiotic as appropriate based on culture
sensitivity pattern.

Data analysis

The data was entered into excel sheet systematically and
taken for statistical analysis using SPSS version 20.0 for
windows. Descriptive analysis such as mean and
percentage was used to exhibit the clinical parameters.
Differences between groups were tested by Pearson chi-
square and fisher’s exact test. ROC curves were utilized.
AUC was used to test the accuracy of the scores. All the
statistical tests were examined with 5% (p<0.05) level of
significance.

Definition of variables

SSI: it is defined as per centers for disease control and

prevention (CDC) definition as infection involving the
skin or subcutaneous tissue (superficial SSI) or fascial
and muscle layers (deep SSI) of the surgical incision
sites.

Table 1: Revised consensus guidelines for India.®

BMI Class

<185 Underweight
18.5-22.9 Normal weight
23-24.9 Over weight
>25 Obese

Table 2: NNIS risk score. 4

Risk factor Score ascribed

Surgical wound classification

Clean 0
Contaminated 1
ASA grade

Grade 1 or 2 0
Grade 3 or above 1

Duration of surgery

Less than 75™ percentile of
similar procedures

More than 75 percentile of
similar procedures

Table 3: COLA score.®0

Parameters Score ascribed

Obesity 1
Contamination class 3-4 1
ASA grade 3-4 1
Open surgery 1

It should occur within 30 days of the operation and
demonstrate at least 1 of the following: purulent
discharge; organisms isolated in aseptically obtained
wound cultures; at least 1 of the 4 cardinal signs of
infection: erythema, heat, pain, and swelling dincision
deliberately opened by surgeon; development of an
abscess; or diagnosis of SSI by attending surgeon.
The CDC definition describes three levels of SSI: level
1: superficial incisional, affecting the skin and
subcutaneous tissue. These infections may be indicated
by localized (Celsian) signs such as redness, pain, heat
or swelling at the site of the incision or by the drainage
of pus. Level 2: deep incisional, affecting the fascial and
muscle layers. These infections may be indicated by the
presence of pus or an abscess, fever with tenderness of
the wound, or a separation of the edges of the incision
exposing the deeper tissues. Level 3: organ or space
infection, which involves any part of the anatomy other
than the incision that is opened or manipulated during
the surgical procedure, for example joint or peritoneum.
These infections may be indicated by the drainage of
pus or the formation of an abscess detected by
histopathological or radiological examination or during
re-operation.®
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Table 4: Clinical characteristics and SSI association.

With SSI

P value

Variables N (%)
Sex

Female 19 (24.7)
Male 58 (75.3)
ASA Grade?

1 13 (16.9)
2 33 (42.9)
8 30 (39)

4 1(1.3)
BMIP

<185 11 (14.2)
18.5-22.9 24 (31.2)
23-24.9 16 (20.8)
>25 26 (33.8)
Surgical approach

Open 32 (41.6)
Laparoscopic 32 (41.6)
Robotic 13 (16.9)
Prolonged length of operation®

Yes 17 (22.1)
No 60 (77.9)
Wound class

Clean-contaminated 65 (84.4)
Contaminated 1(1.3)
Dirty 11 (14.3)
Urgency of operation

Elective 69 (89.6)
Emergency 8 (10.4)
NNIS Score®

0 31 (40.2)
1 33 (42.9)
2 13 (16.9)
3 0 (0)
COLA score®

0 18 (23.4)
1 32 (41.6)
2 14 (18.1)
3 10 (13)
4 3(3.9)

N (%)

5 (26.3) >0.05*
17 (29.3)

4 (30.8)
4 (30.8)
4 (30.8)
4 (30.8)

>0.05™

4 (36.4)

6 (25) >0.05%*
4 (25)

8 (30.8)

11 (34.4)
6 (18.8)
5 (38.5)

>0.05**

8 (47.1) >0.05%*

14 (23.3)

18 (27.7)
0(0)
4 (36.4)

>0.05**

17 (24.6)
5 (62.5)

<0.05**

5 (16.1)
11 (33.3)
6 (46.2)
0(0)

>0.05**

3(16.7)
9 (28.1)
4 (28.6)
5 (50)

1(33.3)

>0.05**

*Pearson Chi-square test, **Fisher’s exact test, a- American Society of Anesthesiologists’ classification of Physical Health, b- Body
mass index, ¢- duration of surgery beyond 270 mins was considered prolonged (75" percentile and above of the duration), d- National
nosocomial infections surveillance, e- contamination of wound, obesity, laparotomy and ASA grade.

Surgical wounds are divided into four classes. Clean
refers to an uninfected operative wound in which no
inflammation is encountered and the respiratory,
alimentary, genital or uninfected urinary tracts are not
entered. In addition, clean wounds are primarily closed
and, if necessary, drained with closed drainage. Operative
incisional wounds that follow non- penetrating (blunt)
trauma should be included in this category if they meet
the criteria. Clean-contaminated refers to operative
wounds in which the respiratory, alimentary, genital and
urinary tracts are entered under controlled conditions and

without unusual contamination. Specifically, operations
involving the biliary tract, appendix, vagina and
oropharynx are included in this category, provided no
evidence of infection or major break in technique is
encountered. Contaminated refers to open, fresh,
accidental wounds. In addition, operations with major
breaks in sterile technique (for example, open cardiac
massage) or gross spillage from the gastrointestinal tract,
and incisions in which acute, non- purulent inflammation
is encountered, including necrotic tissue without evidence
of purulent drainage (for example, dry gangrene), are
included in this category. Dirty or infected includes old
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traumatic wounds with retained devitalized tissue and
those that involve existing clinical infection or perforated
viscera. This definition suggests that the organisms
causing postoperative infection were present in the
operative field before the operation.” Obesity: BMI was
calculated in each patient. BMI= Weight in kg/height in
metre.?
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Figure 1: Receiver operating characteristic curve for
NNIS and COLA score.

The American society of anaesthesiologists’ (ASA)
classification of physical health

ASA 1: A normal healthy patient. Example: Fit, nonobese
(BMI under 30), a non-smoking patient with good
exercise tolerance. ASA 2: A patient with a mild systemic
disease. Example: Patient with no functional limitations
and a well-controlled disease (e.g., treated hypertension,
obesity with BMI under 35, frequent social drinker or is a
cigarette smoker). ASA 3. A patient with a severe
systemic disease that is not life-threatening. Example:
Patient with some functional limitation as a result of
disease (e.g., poorly treated hypertension or diabetes,
morbid obesity, chronic renal failure, a bronchospastic
disease with intermittent exacerbation, stable angina,
implanted pacemaker). ASA 4: A patient with a severe
systemic disease that is a constant threat to life. Example:
Patient with functional limitation from severe, life-
threatening disease (e.g., unstable angina, poorly
controlled chronic obstructive pulmonary disease
(COPD), symptomatic congestive heart failure (CHF),
recent (less than three months ago) myocardial infarction
or stroke. ASA 5: A moribund patient who is not
expected to survive without the operation. The patient is
not expected to survive beyond the next 24 hours without
surgery. Examples: ruptured abdominal aortic aneurysm,
massive trauma, and extensive intracranial hemorrhage
with mass effect. ASA 6: A brain-dead patient whose
organs are being removed with the intention of
transplanting them into another patient. The addition of
“E” to the ASAPS (e.g., ASA 2E) denotes an emergency
surgical procedure.®

RESULTS

A total of 77 patients who underwent colorectal resection
during the study period were included in this study. The
study population was made up of 58 men and 19 women
with a median age of 63 years (range 28-90 years). The
incidence of overall SSI in this study population was
28.6%. It was observed that 14.3% developed superficial
incisional SSI, 5.2% developed deep incisional SSI and
9.1% developed organ/deep space infection. The clinical
characteristics of the included population and their
association with SSI is summarized in (Table 4). ASA
grade 2 consisted of 42.9% patients and highest rate of
SSI was observed in the ASA grade 3 group. BMI ranged
between 15.82 to 34.08. 26 patients (33.8%) were obese
and among this, 8 patients (30.8%) developed SSI. The
distribution of SSI in surgical approach was noted to be
highest in the open group (50%) and lowest among the
robotic group (22.7%).

The rate of Superficial incisional SSI among open,
laparoscopic and robotic approach was as follows:
36.4%, 50%, 71.4% respectively. The rate of deep
incisional SSI among open, laparoscopic and robotic
approach was as follows: 45.5%, 25%, 0% respectively.
The rate of Organ/deep SSI among open, laparoscopic
and robotic approach was as follows: 18.2%, 25%, 28.6%
respectively. However, all the above findings were not
statistically significant (p>0.05). Of the 77, 8 (10.4%)
patients underwent emergency colorectal surgery. 22.7%
among the group with emergency surgery developed SSI
and 5.5% among the group with elective surgery
developed SSI. In the emergency group, 1 developed
superficial SSI, 1 developed deep incisional SSI and 3
developed organ/ deep SSI, 12.5%, 12.5%, 37.5%
respectively. The association of urgency of surgery with
SSI was statistically significant (p<0.05). The rate of SSI
for NNIS risk score 0 was 22.7%, for score 1 was 50%,
score 2 was 27.3% and none for score 3. The rate of SSI
for COLA score 0,1,2,3,4 was 13.6%, 40.9%, 18.2%,
22.7% and 4.5% respectively. Area under the curve
(AUC) for NNIS score was 0.645 (95% CI: 0.510-0.781,
p<0.05) and 0.611 for the COLA score. (95% CI: 0.472-
0.750, p>0.05).

DISCUSSION
Impact of SSI

Surgical site infections are defined as infections
occurring within 30 days after a surgical operation and
affecting either the incision or deep tissue at the operation
site. These infections may be superficial or deep
incisional infections, or infections involving organs or
body spaces.!* SSlIs account for 20% of all HAIs in
hospitalized patients and are one among the most
common hospital acquired infections among surgical
patients.’? SSIs may be of even greater consequence in
developing  countries including India, because
surveillance rates of SSI in a study conducted by the
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International Nosocomial Infection Control Consortium
were higher for most surgical procedures compared with
CDC-NHSN rates.*3 Colorectal surgical patients are at a
higher risk of SSI. SSI has been highly correlated with
post-operative morbidity resulting in increased hospital
length of stay and post-operative mortality.?>¢ In 2004,
Nespoli et al reported that the survival rates in patients
who underwent surgery for removal of colon cancer were
reduced in the presence of a surgical wound infection.’
Thus, SSI negatively impacts the patient’s quality of life
and adds to the financial burden of healthcare in treating
such infections as demonstrated by several studies.'®2

NNIS risk index

ASA grade, surgical wound class, procedure duration,
age, body mass index (BMI) is among the colorectal SSI
risk factors identified by the National Health and Safety
Network (NHSN).2! Several of these risk factors have
been used to construct predictive scores to identify and
quantify risk of SSI so that preventive measures can be
directed effectively to improve patient outcome post
operatively. One such score formulated for SSI prediction
was NNIS risk index. NNIS risk index is not specific for
colorectal procedures, rather it is a generic score applied
to a wide range of surgical procedures.?

COLA score

The newer scoring system COLA was developed for
colorectal procedures. When compared with NNIS risk
index, the COLA score comprises of ASA grade, wound
contamination (common to both the scores) and two other
procedure specific risk factors - Obesity and surgical
approach (laparoscopy versus open).

ASA grade and SSI

It was observed that rate of SSI was highest 40.0% in the
ASA 3 group but not statistically significant. This finding
was consistent with the finding of ASA >3 associated
with increased risk of SSI as shown in the study by
Watanabe et al.?®

Wound contamination and SSI

Due to the inherent likelihood of microbial contamination
at the operative site, large bowel surgeries are plagued by
surgical site infection complicating the post-operative
period. The 2014-2015 report on Surveillance of Surgical
Site Infections in NHS Hospitals in England, published
by Public Health England, reported colorectal surgery as
the type of surgery with the highest risk of SSls, with
cumulative incidence risk in the last 5 years at 10.4%.2*
Among the study population, 84.4% had clean-
contaminated wound, 1.3% had contaminated wound and
14.3% had dirty wound. 36.4% of dirty wounds
developed infection. 27.7% of clean- contaminated
wounds developed SSI. Thus, it was evident that SSI was
higher with higher wound contamination.

BMI and SSI

Using a multicenter database of the Swiss association of
laparoscopic and thoracoscopic surgery, Kurmann et al.
investigated the risk factors for SSI in laparoscopic
sigmoid resection for benign disease and found that
operation time >40 min, BMI >27 kg/m? were significant
risk factors for SSI in those patients.?> Gurunathan et al
further validated obesity as a risk factor through their
meta-analysis among colorectal surgery patients and
concluded that Overweight and obese patients carried at
least 20% and 50% higher odds of developing SSI after
colorectal surgery compared to normal weight patients,
respectively.?® In this study, ethnic specific criteria for
classification of BMI were utilized. According to this
revised consensus guidelines, BMI more than 25 was
considered as obese.? Higher BMI was associated with
higher incidence of SSI in this study.

Surgical approach and SSI

Regarding the surgical approach among the colorectal
patients in this study, 41.6% (32) underwent open surgery
while the remaining 58.4% (45) underwent minimally
invasive approach (16.88% in robotic, 41.56% in
laparoscopic). This is similar to the cohort in the study
conducted by Bergquist et al.?” It was observed that the
distribution of SSI in surgical approach was noted to be
highest in the open group (50%) and lowest among the
robotic group (22.7%).

COLA and SSI

Saylam et al conducted a study among 92 patients to
validate the COLA score for rectal surgery. In their study,
SSI rates were 14.2%, 20.5%, 40.7%, 57.1% for COLA
1, 2, 3 and 4 scores respectively. The authors concluded
that COLA scoring system showed good predictive
power to detect patients with SSI. @® A study among 534
patients undergoing colorectal surgery concluded that
COLA score is at least as accurate as NNIS risk index. ©)
Another study with a larger population size of 2376
colorectal surgical patients concluded that the predictive
models did not accurately predict SSI1.2” These conflicting
conclusions led to questioning the utility of such scoring
systems.

What our study says

In this study, these scoring systems were utilized to
predict SSI among the colorectal surgical patients to find
out their accuracy, (Figure 1) depicts the ROC curve
which summarizes the performance of NNIS risk index
and COLA score. AUC is an effective way to summarise
overall diagnostic accuracy of a test. It takes value
between 0 and 1, where 1 reflects perfect accuracy and 0
reflects perfectly inaccurate test. In general, an AUC of
0.5 suggests no discrimination, 0.7 to 0.8 considered
acceptable, more than 0.9 considered outstanding.?® Area
under the curve (AUC) for NNIS score was 0.645 (95%
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Cl: 0.510-0.781, p <0.05) and 0.611 for the COLA score.
(95% CI: 0.472-0.750, p>0.05). Therefore, both these
scores have less than acceptable accuracy in this data set
to predict SSI. The types of SSI (superficial, deep, organ
space) are described as actually distinct disease processes
with their own driving factors and hence a single risk
model may not accurately predict the SSI risk. Although,
statistically NNIS and COLA scores do not have perfect
accuracy, they are simple scoring systems which can be
applied clinically with ease. Since prevention is
preparedness in SSI, these scores still have a role till a
more accurate prediction model is formulated. Continued
wound surveillance in patients with risk factors of SSI
undergoing colorectal surgery plays a vital role. Our
study included elective and emergency cases but one
limitation of this study is the small sample as it is a single
centred study.

CONCLUSION

Both the predictive scoring systems, NNIS risk index and
COLA score, have limited ability to accurately predict
SSl in this independent data. However, they are simple to
use clinically and shall remain to be useful till a more
accurate prediction model is formulated.

ACKNOWLEDGEMENTS

Authors are grateful to their institution and mentors for
their support. Authors would also like to thank Dr.
Chelsia Chelladurai for her help in statistical analysis.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Paulson EC, Thompson E, Mahmoud N. Surgical site
infection and colorectal surgical procedures: a
prospective analysis of risk factors. Surg Infect.
2017;18(4):520-6.

2. Ju MH, Ko CY, Hall BL, Bosk CL, Bilimoria KY,
Wick EC. A Comparison of 2 Surgical Site Infection
Monitoring Systems. JAMA Surg. 2015;150(1):51-7.

3. Drosdeck J, Harzman A, Suzo A, Arnold M, Abdel-
rasoul M, Husain S. Multivariate analysis of risk
factors for surgical site infection after laparoscopic
colorectal surgery. Surg Endosc. 2013;27(12):4574-
80.

4. Culver DH, Horan TC, Gaynes RP, Martone WJ,
Jarvis WR, Emori TG, et al. Surgical wound
infection rates by wound class, operative procedure,
and patient risk index. National Nosocomial
Infections Surveillance System. Am J Med. 1991 Sep
16;91(3B):152S-7S.

5. Gervaz P, Bandiera-Clerc C, Buchs NC, Eisenring
MC, Troillet N, Perneger T, et al. Scoring system to

10.

11.

12.

13.

14.

15.

16.

17.

18.

predict the risk of surgical-site infection after
colorectal resection. Br J Surg. 2012;99(4):589-95.
Horan TC, Andrus M, Dudeck MA. CDC/NHSN
surveillance definition of health care-associated
infection and criteria for specific types of infections
in the acute care setting. Am J Infect Control. 2008;
36(5):309-32.

Townsend JC, Beauchamp RD, Evers BM, Mattox
KL. Sabiston textbook of surgery: the Biological
Basis of Modern Surgical Practice. 21st ed.
Netherlands: Elsevier Inc; 2022:11;224-5.

Misra A. Ethnic-specific criteria for classification of
body mass index: a perspective for Asian Indians and
American diabetes association position statement.
Diabetes Technol Ther. 2015;17(9):667-71.

Doyle DJ, Garmon EH. American Society of
Anesthesiologists  Classification (ASA  Class).
Treasure Island (FL): StatPearls Publishing; 2018.
Saylam B, Tez M, Comcali B. Validation of COLA
score for predicting wound infection in patients
undergoing surgery for rectal cancer. Ann Ital Chir.
2017;88:514-8.

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(10):606-8.
Anderson DJ, Podgorny K, Berrios-Torres Sl,
Bratzler DW, Dellinger EP, Greene L, et al.
Strategies to prevent surgical site infections in acute
care hospitals: 2014 update. Infect Control Hosp
Epidemiol. 2014;35(6):605-27.

Rosenthal VD, Richtmann R, Singh S,
Apisarnthanarak A, Kibler A, Viet-Hung N, et al.
Surgical site infections, International Nosocomial
Infection Control Consortium (INICC) report, data
summary of 30 countries, 2005-2010. Infect Control
Hosp Epidemiol. 2013;34(6):597-604.

Singh S, Chakravarthy M, Rosenthal VD, Myatra
SN, Dwivedy A, Bagasrawala I, et al. Surgical site
infection rates in six cities of India: findings of the
International ~ Nosocomial  Infection  Control
Consortium (INICC). Int Health. 2015;7(5):354-9.
Malone DL, Genuit T, Tracy JK, Gannon
C, Napolitano LM. Surgical site infections:
reanalysis of risk factors. J Surg Res. 2002;103(1):
89-95.

Smith RL, Bohl JK, McElearney ST, Friel CM,
Barclay MM, Sawyer RG, et al. Wound infection
after elective colorectal resection. Ann Surg. 2004;
239(5):599-605.

Nespoli A, Gianotti L, Totis M, Bovo G, Nespoli L,
Chiodini P, et al. Correlation between postoperative
infections and long-term survival after colorectal
resection for cancer. Tumori. 2004;90(5):485-90.
Badia JM, Casey AL, Petrosillo N, Hudson PM,
Mitchell SA, Crosby C. Impact of surgical site
infection on healthcare costs and patient outcomes: a
systematic review in six European countries. J Hosp
Infect. 2017;96(1):1-15.

International Surgery Journal | December 2022 | Vol 9 | Issue 12 Page 2008


https://www.ncbi.nlm.nih.gov/pubmed/?term=Malone%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=11855922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genuit%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11855922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=11855922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gannon%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11855922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gannon%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11855922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Napolitano%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=11855922
https://www.ncbi.nlm.nih.gov/pubmed/11855922

19.

20.

21.

22,

23.

24,

Robinson E et al. Int Surg J. 2022 Dec;9(12):2003-2009

Eagye KJ, Nicolau DP. Deep and organ/space
infections in patients undergoing elective colorectal
surgery: incidence and impact on hospital length of
stay and costs. Am J Surg. 2009;198(3):359-67.

Scott RD. The Direct medical costs of healthcare-
associated infections in U.S. hospitals and the
benefits of prevention. Available at: http://www.cdc.
gov/hai/pdfs/hai/scott_costpaper.pdf. Accessed on 20
November 2021.

Sarah J, Surbhi L, Michael AP, Harris-Williams M,
Thom K. Factors for surgical site infection following
colorectal surgery, open forum infectious diseases.
Am J Surg. 2016;3(1):1152-5.

Gaynes RP, Culver DH, Horan TC, Edwards JR,
Richards C, Tolson JS. Surgical site infection (SSI)
rates in the United States, 1992-1998: the National
Nosocomial Infections Surveillance System basic
SSI risk index. Clin Infect Dis. 2001;33 (2):S69-77.
Watanabe M, Suzuki H, Nomura S, Hanawa H,
Chihara N, Mizutani S, et al. Performance
assessment of the risk index category for surgical site
infection after colorectal surgery. Surg Infect.
2015;16(1):84-9.

Public Health England. Surgical Site Infections (SSI)
Surveillance: NHS Hospitals in England 2014/15.
Available  at: https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/484874
/Surveillance_of Surgical_Site_Infections_in_ NHS _

25.

26.

27.

28.

Hospitals_in_England_report_2014-15.pdf. Accessed
on 20 November 2021.

Kurmann A, Vorburger SA, Candinas D, Beldi G.
Operation time and body mass index are significant
risk factors for surgical site infection in laparoscopic
sigmoid resection: a multicenter study. Surg Endosc.
2011;25(11):3531-4.

Gurunathan U, Ramsay S, Mitri¢ G, Way M,
Wockner L, Myles P. Association between obesity
and wound infection following colorectal surgery:
systematic review and meta-analysis. J Gastrointest
Surg. 2017;21(10):1700-12.

Bergquist JR, Thiels CA, Etzioni DA, Habermann
EB, Cima RR. Failure of colorectal surgical site
infection predictive models applied to an
independent dataset: do they add value or just
confusion? J Am Coll Surg. 2016;222(4):431-8.
Mandrekar JN. Receiver operating characteristic
curve in diagnostic test assessment. J Thoracic
Oncol. 2010;5(9):1315-6.

Cite this article as: Robinson E, Rajkumar KS.
NNIS risk score or COLA score: which predicts
better the risk of surgical site infection among
patients undergoing colorectal resection in a tertiary
care hospital setting?. Int Surg J 2022;9:2003-9.

International Surgery Journal | December 2022 | Vol 9 | Issue 12 Page 2009



