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Abstract

Background: Reported incidence of surgical site infections (SSI) after colonic surgery varies widely. These
variations depend not only on patient- and surgery-related parameters but are influenced by type and quality of
follow-up. The aim of the study was to compare SSI assessed by two independent prospective surveillance systems,
a national surveillance program based on recommendations of the National Healthcare Safety Network (Swissnoso)
versus an international audit system, the ERAS� Interactive Audit System (EIAS; Encare, Stockholm, Sweden).
Methods: Comparative study of a consecutive cohort of colonic resections at a single institution from Sep-
tember 2015 to March 2017. Independent prospective SSI monitoring was available from Swissnoso and EIAS.
Inter-observer reliability was calculated using Cohen k. Sensitivity, specificity, and accuracy of EIAS in
assessing SSI was compared with Swissnoso, considered as gold standard.
Results: The final sample included 143 patients. Of these, 136 (95.1%) were classified into the same category
by both systems, identifying 17 patients (12.5%) with SSI and 119 patients (87.5%) without SSI, respectively.
Discrepant results were found for the remaining seven patients (4.9%) with four SSI categorization according to
Swissnoso but not EIAS, and three SSI categorization in EIAS but not in Swissnoso; all miscategorized patients
presented superficial SSI. Sensitivity, specificity, and accuracy of EIAS for SSI recording was 81%, 97.5%, and
95.1%, respectively. Inter-observer agreement was high (Cohen k value of 0.801, p < 0.001). Case-by-case
analysis of discrepant findings revealed mainly discrepant interpretation of clinical symptoms and erroneous
labeling of non-procedure–related infections.
Conclusions: Surgical site infection recording by two independent systems showed high concordance and good
inter-rater reliability.
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Surgical site infections are the most common com-
plication after colonic surgery and have a major impact

on length of stay and costs [1,2]. Surgical site infection (SSI)
rates are influenced by patient- and surgery-related factors,
but they also depend on the quality of the surveillance method
[3]. Thus, seemingly good results might also be caused by
low-quality surveillance [4]. Accuracy and completeness of
assessment during follow-up have important implications for
benchmarking, financial decisions, and the perceived need
for quality improvement projects [5]. Thus, accurate sur-
veillance of SSI is a first and necessary component of ini-
tiatives targeting a reduction of surgical complications [6].

The Enhanced Recovery After Surgery (ERAS) program is
a recently initiated international program that provides ex-
tensive protocols for pre- and post-operative patient care
based on empirical evidence [7]. Surgical site infections are
one of the complications targeted by protocols available for
elective colonic surgeries [7,8]. Part of ERAS is the ERAS�

Interactive Audit System (EIAS; Encare, Stockholm, Swe-
den), designed to document the compliance with ERAS
recommendations, but also to monitor the patient’s post-
surgical complications, including SSI.

However, the accuracy of EIAS in detecting SSI or other
complications has rarely been assessed [9]. The primary aim
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of the present study was to compare SSI assessed by EIAS to
SSI measured by the national infection surveillance system in
Switzerland, Swissnoso (www.swissnoso.ch). Secondary aim
was to identify potential sources of erroneous documentation.

Patients and Methods

Patients and ethical considerations

Included were all patients undergoing elective and emergent
colonic resections between September 1, 2015 and March 31,
2017 at a single institution (Department of Visceral Surgery,
Lausanne University Hospital CHUV) that were assessed by
both surveillance systems. With 1,500 beds and serving an area
of 750,000 inhabitants, CHUV is a medium-sized hospital. All
patients included in the study were treated within a standard-
ized enhanced recovery after surgery (ERAS) protocol [8].

This study was part of a larger study that received ethical
approval by the Institutional Review Board of the canton of
Vaud (CER-VD #2016-00991) under the leading ethics
committee of the canton of Bern, Switzerland (KEK-BE
#161/2014). Patients provided general written informed
consent for study participation, including follow-up. In case
of missing information on general consent, the leading and
local ethics committees approved the use of patient’s data.

Demographic, surgery-related, and outcome data

Demographic information included age, gender, body mass
index (BMI), and American Society of Anesthesiologists (ASA)
score. Surgical information included approach (open vs. lapa-
roscopic), whether a conversion took place, setting (elective vs.
emergency: within 72 hours after unplanned admission), and
duration of procedure (time from skin incision to skin closure).
Length of hospital stay (LOS) was also assessed.

According to institutional guidelines for colonic resections,
intravenous cefuroxime 1.5 g and metronidazole 500 mg were
systematically administered within 60 minutes before inci-
sion. As an alternative in case of non-tolerance, clindamycin
600 mg and ciprofloxacin 400 mg were used.

Surveillance systems: Swissnoso and EIAS

The Swissnoso surveillance system has provided pro-
spective monitoring of SSI by the independent national in-
fection surveillance committee since 1998. This assessment

of SSI is based on recommendations of the National
Healthcare Safety Network infection tracking system [4].
Surgical site infections were coded according to Swissnoso
guidelines by one of two clinical study nurses trained by
Swissnoso. They were not associated with the Department of
Visceral Surgery and were blind to the hypothesis of this
study. Surgical site infections were assessed in-hospital, based
on chart reviews, and post-discharge based on phone call at
post-operative day 30. Methodological details of this assess-
ment have been published before [5,10,11]. Surgical site in-
fections were classified according to the U.S. Centers for
Disease Control and Prevention (CDC) National Nosocomial
Infection Surveillance (NNIS) criteria into superficial inci-
sional (type 2), deep incisional (type 3), and organ space in-
fections (type 4) [12]. For the purpose of the present study,
these categories were grouped into a single category (SSI yes/
no). Diagnostic CDC criteria for superficial incisional infec-
tions were further coded as: B1, purulent discharge; B2,
positive culture; B3, presence of at least one of the following
signs: pain, swelling, redness, warmth, and deliberate wound
opening by surgeon; and C, diagnosis by general practitioner
[13]. Because the Swissnoso assessment follows the CDC
recognized methodology, it was considered the gold standard
in this study.

The Interactive Audit System (EIAS), is based on institu-
tional data derived from the ERAS online data repository.
Demographic, surgical, and outcome data were monitored
prospectively and entered by two clinical study nurses in the
EIAS database. For every patient included, a study nurse
trained in the EIAS system coded patient data. Systematic
assessment was performed during hospitalization and as part
of post-operative outpatient visits. Data entry accuracy was
cross-checked through regular audit meetings within the
department. Infectious complications were classified within
EIAS according to the following stratification: wound in-
fection, intra- or retroperitoneal abscess, and anastomotic
leak. The study nurse was blind to the results of the Swiss-
noso assessment and blind to the hypotheses of this study.
Table 1 provides a comparative descriptive overview of both
surveillance systems.

Outcomes/study end points

The primary end point was SSI rate (in-hospital and until
post-operative day 30) according to surveillance system

Table 1. Comparison of Surveillance Systems

Swissnoso EIAS

Assessment scale National Institutional
Aim SSI surveillance Database on peri-operative care
Team Two clinical study nurses Two clinical study nurses
Mode of assessment Prospective Prospective

Chart review In-hospital chart review
Phone call at POD 30 Outpatient consultation report review

Definition of SSI According to U.S. Centers for Disease
Control and Infection (CDC)
and National Nosocomial Infection
Surveillance (NNIS) criteria [11,12]

According to EIAS coding system

Surveillance committee Independent Involved (no independent staff)

Comparison of different criteria of assessment systems Swissnoso vs. EIAS.
EIAS = ERAS Interactive Audit System; ERAS = enhanced recovery after surgery; POD = post-operative day; SSI = surgical site

infection.
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(Swissnoso vs. EIAS) and inter-observer reliability between
both systems. Discrepancies were evaluated by detailed pa-
tient chart review to identify sources of erroneous docu-
mentation.

Statistical analysis

Descriptive statistics for categorical variables were re-
ported as frequency (%), for continuous variables as means
and standard deviations. Discrepancies between the sample
and eligible but excluded patients were calculated based on
Fisher exact test for categorial variables and Student t-test for
continuous variables. Inter-observer reliability between the
two surveillance systems was assessed using Cohen k value
[14]. The calculation of sensitivity, specificity, and accuracy
of EIAS in assessing SSI, compared with Swissnoso, was
performed following the standards [15,16]. Data analysis was
performed with the Statistical Software for the Social Sci-
ences SPSS Advanced Statistics 24 (IBM Corp., Armonk,
NY).

Results

Data from the national surveillance program Swissnoso
were available for 301 patients. One hundred fifteen of these
patients (38%) were not part of the ERAS program and were
thus excluded; two-thirds of these patients (n = 77) underwent
emergency surgery. Therefore, 186 patients (62%) were eli-
gible for the present analysis. Of those, 18 patients (10%)
were excluded because of refusal to participate and 29 (15%)
were lost to follow-up by the EIAS surveillance system be-
cause patients did not attend control visits at the hospital
(foreign/out of state). Of these 29 patients, four developed
SSI before discharge and were included in the sample. The
final sample consisted of 143 patients (Fig. 1).

Demographic and surgical details and LOS are displayed
in Table 2 for the patients included in the analysis and as
comparison for the 25 patients lost to follow-up by EIAS.
Note that none of the characteristics of the excluded patients
differed from the sample.

Overall, SSI rate was 15% according to Swissnoso as-
sessment and 14% according to EIAS. Of note, among the 25
patients excluded because of insufficient information pro-
vided by EIAS, Swissnoso recorded three SSI (12%).

Cross-tabulation of coded infections according to the two
surveillance systems is displayed in Table 3. Inter-observer re-
liability was high (Cohen k value of 0.801, p < 0.001). Com-
pared with Swissnoso, EIAS recording had a sensitivity of 81%
(95% confidence interval [CI] = 58.09%–94.55%) and a speci-
ficity of 97.5% (95% CI = 92.98%–99.49%) for detection of
SSI. Positive and negative predictive values were 85% (95%
CI = 64.52%–94.64) and 96.8% (95% CI = 92.49%–98.63%),
respectively, yielding an accuracy of 95.1% (95% CI = 90.17%–
98.01%).

Discrepant findings between both surveillance systems
were found in seven patients. Four additional SSI were de-
scribed according to Swissnoso but not EIAS, and three ad-
ditional SSI coded in EIAS were not in the Swissnoso
database. Details including SSI criteria and potential expla-
nations for erroneous documentation in EIAS are summarized
in Table 4. EIAS failed to declare four SSI (patients 1–4),
whereas two infections at distant sites were erroneously
declared as SSI (patients 5–6). Swissnoso, however, failed

FIG. 1. Patient flow.

Table 2. Baseline and Surgical Characteristics

Sample n = 143 Patients excludeda n = 25 pb

Age [y] (mean – SD) 65 – 16 62 – 19 0.373c

Gender male (%) 77 (54) 14 (56) 1
BMI [kg/m2] (mean – SD) 26 – 6 26 – 4 0.985c

ASA group (%)
I–I 95 (66) 17 (68) 1
III–IV 48 (34) 8 (32) 1

Minimal invasive surgery (%) 123 (86) 22 (88) 1
Conversion (%) 26 (18) 1 ( 4) 0.083
Emergency surgery (%) 28 (20) 5 (20) 1
Operating time [min] (mean – SD) 170 – 80 166 – 55 0.909c

Length of stay [d] (mean – SD) 8 – 8 8 – 8 0.98c

Age, BMI, operating time, and length of stay are presented as mean – SD. All others are frequency with percentage.
aInsufficient information provided by EIAS.
bFisher exact test, unless indicated otherwise.
cStudent t-test.
SD = standard deviation; BMI = body mass index; ASA = American Society of Anesthesiologists; EIAS = ERAS Interactive Audit System.

SURVEILLANCE OF SSI 227

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ité

 d
e 

L
au

sa
nn

e 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
1/

23
/2

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



to declare the remaining patient as SSI (patient 7), even
though SSI was confirmed through chart review.

Because EIAS follow-up assessment of SSI relied on
post-operative consultations rather than the standard as-
sessment 30 days after surgery, we conducted an additional
analysis of the days between operation and post-operative
consultation. Dates for follow-up were available for 126
patients; for the 13 patients followed by other wards or hos-
pitals, no dates were provided. On average, the post-operative
consultations took place 46.06 days after the surgery (standard
deviation [SD] = 13.38).

Discussion

The present study revealed concordance in SSI assessment
between both surveillance systems, Swissnoso and EIAS,
yielding good inter-observer reliability. Both systems may

thus be considered reliable tools for surveillance of large
numbers of surgeries. Whereas EIAS provides more in-depth
information on type of infection, fewer patients were lost to
follow-up by Swissnoso, because EIAS is solely based on
patient information available at the hospital.

Surgical site infection is the most common complication
after colorectal surgery with rates of up to 30% [17] and is a
major concern for colorectal surgery [10]. Infection preven-
tion bundles including fostering of a cohesive environment,
standardization, and reduction in operative variance have
been identified as useful tools to decrease SSI [18,19].
However, to assess SSI rates reliably, the quality of follow-up
and surveillance is fundamental [3]. Low-quality surveil-
lance might result in falsely low SSI rates, creating draw-
backs for patients, caregivers, and policymakers.

Although results yield an overall good inter-rater reli-
ability between the two surveillance systems, four SSIs were
missed and three were erroneously coded as SSI in the EIAS
database. Of note, all discrepant coding concerned superficial
but no deep or organ/space SSI. Detailed chart review of
patients with discrepant coding revealed erroneous docu-
mentation by ERAS in two cases because EIAS does not
include patient follow-up through phone calls. Systematic
phone calls as performed by Swissnoso allowed for more
complete surveillance. Note, however, that patient reports
about SSI have been found to be biased and unreliable [6,20].
The other misdiagnosed cases were mainly because of di-
verging interpretation of clinical symptoms, logistical rea-
sons, or coding mistakes of non-procedure as procedure-

Table 3. Cross-Tabulation of Coded Infections

According to Surveillance Systems

Swissnoso

No infection Infection Total

EIAS No infection 119 4 123
Infection 3 17 20
Total 122 21 143

EIAS = ERAS Interactive Audit System.

Table 4. Analysis of Divergent Coding

Swissnoso EIAS

Patient SSI Type (timing) Treatment Criteria/setting SSI Explanation

1 + Type 2 (POD 13) No treatment B1, B3, C
Phone call post-discharge

- SSI not detectable applying
EIAS criteria because no
SSI mentioned in surgeons’
follow-up documentation

2 + Type 2 (POD 10) Local wound care B1, B2, B3, C
Inpatient

- SSI documented in the charts
was interpreted as being
related to another organ
(not related to the current
surgery)

3 + Type 2 (POD 15) Surgical management B1, B2, B3, C
Phone call post-discharge

- The patient chart correctly
showed SSI. However, the
electronic file was mis-
dated, so that SSI appeared
to have surfaced after 30
POD

4 + Type 2 (POD 12) No treatment B1, B2
Phone call post-discharge

- Seroma at discharge was
mentioned in the chart but
not diagnosed as SSI

5 - + Non-procedure–related infec-
tion at distant site

6 - + Non-procedure–related infec-
tion at distant site

7 - + Serous fluid excretion through
wound, antibiotic treatment

Comparison of discrepant cases Swissnoso vs. EIAS regarding SSI documentation.
SSI classification: type 2: superficial incisional.
CDC Criteria: B1: purulent discharge, B2: positive culture, B3: one of the following signs: pain, swelling, redness, warmth AND

deliberate wound opening, C: diagnosis by general practitioner.
EIAS = ERAS Interactive Audit System; SSI = surgical site infection; POD = post-operative day.
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related infections, leaving room for improvement in data
interpretation and documentation in the EIAS system.

To date, a large variety of surveillance methods has been
described [21], but studies assessing comparative reliability
of the different tools are still scarce [6,9]. A systematic re-
view across assessment tools revealed problems in compli-
ance with surgeon or patient questionnaires [6], and patients’
and surgeons’ assessment yielding divergent results. A recent
study comparing assessment of complications by EIAS to the
National Surgical Quality Improvement Program (NSQIP)
methodology stresses the importance of accounting for dif-
ferences in coding definitions [9). In addition, the different
methodologies used complicated the identification of a gold
standard [6]. Nevertheless, most reports agree on the need for
standardized definitions as basis for a valid approach to
survey post-discharge SSI. In the United States, the tracking
and reporting of SSI has become an important element for
quality improvement purposes. The majority of U.S. hospi-
tals participate in the National Health Safety Network
(NHSN) to monitor and report SSI through reporting guide-
lines [22]. The American College of Surgeons National
Surgical Quality Improvement Project (ACS-NSQIP) on the
other hand uses trained clinical abstractors and well-defined
abstraction guidelines [23]. More recently, a machine learn-
ing algorithm has been tested for real-time SSI monitoring,
potentially leading to improved surveillance [24].

Both Swissnoso and EIAS are based on standardized def-
initions of SSI and the assessment process. However, recent
analyses revealed a wide variation of SSI surveillance quality
in Switzerland, with quality of chart review and accuracy of
data collection identified as main areas for improvement [3].
It may be more difficult to establish a high-quality data col-
lection in smaller, rural or non-academic centers, with the
risk of less accurate detection of SSI, stressing the importance
of standardized training and continuous quality management
[25].

Nevertheless, Swissnoso is considered an established SSI
surveillance tool due to its National scale and its CDC rec-
ognized methodology. Validation of EIAS as SSI surveil-
lance tool is of particular importance since EIAS provides
data on perioperative care in general, with SSI being only one
among numerous aspects evaluated by the ERAS protocol
[9]. The present results are encouraging, considering that
both studied surveillance systems were completely inde-
pendent from each other regarding coding, definitions, as-
sessment methods, and staff.

The study has limitations. First, although data collection
was prospective in both surveillance systems, the data anal-
ysis for the current study was performed retrospectively,
leading to inherent limitations. In particular, the EIAS sur-
veillance system included only patients whose care followed
the ERAS protocol guidelines. Patients not formally included
in the program, mostly emergencies, were not included in the
comparison. Thus, the results cannot be generalized for the
surveillance of emergency cases. Second, the cohort was
rather small, and data were collected regarding a single type
of procedure in one hospital only. Further research is needed
to replicate and extend the current findings.

Because both Swissnoso and EIAS rely on detailed pro-
tocols to assess SSI and offer standardized training programs
for study nurses in charge of the surveillance, bias in the use
of the protocol is expected to be minimal. However, mission

and methodological approach differ considerably between
the two systems, and different definitions of codes may lead
to bias [9]. Beyond the accuracy, further criteria may be
considered when elaborating recommendations. First, the
goal of the surveillance must be considered. Swissnoso of-
fered a comprehensive and systematic surveillance, stan-
dardized on the national scale, allowing for comparisons
across hospitals. ERAS Interactive Audit System did not
offer this possibility, although national and international
comparisons may become possible as more hospitals partic-
ipate in the ERAS program. Second, the assessment relies on
resources. Swissnoso surveillance needs specific additional
resources in terms of healthcare professionals dedicated to
the collection of data not otherwise available, including the
patient interview. ERAS Interactive Audit System is based
solely on in-hospital and outpatient assessment by treating
physicians but not dedicated surveillance specialists and in-
formation from patient charts, however, at the cost of a less
systematic follow-up and thus a slightly less accurate sur-
veillance.

In conclusion, the present study demonstrated the reli-
ability of EIAS in assessing SSI, providing that patients’
follow-up consultations can actually be assessed. Where a
nationwide comprehensive surveillance program does not
exist, assessment through ERAS data might thus represent a
valid alternative.
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