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SUMMARY

Background: Surveillance of surgical site infections (SSIs) is a core component of effective
infection control practices, though its impact has not been quantified on a large scale.
Aim: To determine the time-trend of SSI rates in surveillance networks.

Methods: SSI surveillance networks provided procedure-specific data on numbers of SSls
and operations, stratified by hospitals’ year of participation in the surveillance, to capture
length of participation as an exposure. Pooled and procedure-specific random-effects
Poisson regression was performed to obtain yearly rate ratios (RRs) with 95% confidence
intervals (Cls), and including surveillance network as random intercept.

Findings: Of 36 invited networks, 17 networks from 15 high-income countries across Asia,
Australia and Europe participated in the study. Aggregated data on 17 surgical procedures
(cardiovascular, digestive, gynaecological-obstetrical, neurosurgical, and orthopaedic)
were collected, resulting in data concerning 5,831,737 operations and 113,166 SSls. There
was a significant decrease in overall SSI rates over surveillance time, resulting in a 35%
reduction at the ninth (final) included year of surveillance (RR: 0.65; 95% Cl: 0.63—0.67).
There were large variations across procedure-specific trends, but strong consistent de-
creases were observed for colorectal surgery, herniorrhaphy, caesarean section, hip
prosthesis, and knee prosthesis.

Conclusion: In this large, international cohort study, pooled SSI rates were associated with a
stable and sustainable decrease after joining an SSl surveillance network; a causal relationship
is possible, although unproven. There was heterogeneity in procedure-specific trends. These
findings support the pivotal role of surveillance in reducing infection rates and call for

widespread implementation of hospital-based SSI surveillance in high-income countries.
© 2018 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Surgical site infections (SSIs) are a leading cause of
healthcare-associated infections (HCAIls) [1,2]. They negatively
impact both on patients and healthcare systems, as they are
associated with poorer clinical outcomes, and increased length
of hospital stay, readmissions and/or reoperations, antibiotic
consumption and costs [1,3].

The potentially positive impact of HCAI surveillance on HCAI
incidence was first described in the landmark study on the ef-
ficacy of nosocomial infection control (SENIC) [4]. Surveillance
may be effective through two mechanisms: guidance of infec-
tion prevention and control (IPC) programmes through feed-
back of empirical data, or a ‘surveillance effect’, i.e. the
simple fact of being conscious of being observed may inde-
pendently lead to improved practices [5].

The role of SSI surveillance was recently highlighted in the
World Health Organization’s Global guidelines for the pre-
vention of surgical site infection, and the core components,
but its impact has not been quantified in these guidelines [6,7].
Furthermore, only few reports consider surveillance data not
by calendar year, but rather from a ‘length of participation’
perspective (as an exposure); in these, data were stratified by

years since start of participation of hospitals in the network. In
surveillance networks, larger teaching hospitals are usually the
first to enter, and smaller clinics (with less complex case-mix)
join later; consequently, SSI rates could be artificially
decreased in later years. In a recent systematic review, the
impact of surveillance was evaluated from a length of partici-
pation perspective, and there was evidence of a decrease of SSI
rates during the first five years of participation in a surveillance
network [8]. However, as few networks (N = 4) have published
studies presenting surveillance data in this manner, procedure-
specific analyses were not performed.

The objective of this study was to undertake a large-scale
international study to determine the time-trend of SSI inci-
dence (hereafter referred to as rates) in SSI surveillance net-
works, using hospital data aggregated at the network level, by
actively collecting detailed data directly from the manage-
ment teams of a wide selection of networks around the world.

Methods

An international retrospective cohort study was conducted,
based on data from as many SSI surveillance networks as
possible. The networks, defined as entities that collect
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surveillance data from hospitals, were identified through the
PubMed search of the systematic literature review, as well as a
Google search [8]. For low-income countries in the WHO Afri-
can region, the leadership of Infection Control Africa Network
(ICAN) was contacted. There were no exclusion criteria for the
networks in terms of how surveillance was conducted
(including whether prospective, retrospective, or a mix of
both), although a minimum of three years of surveillance per
procedure was required. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
were followed in drafting the manuscript [9].

The networks were provided with a standardized data
collection template, and were requested to provide procedure-
specific data on the number of operations and SSlIs aggregated
at the network level, stratified by year since individual hospi-
tals’ start of participation in the surveillance network accord-
ing to previously defined methods [5,10—13]. Non-consecutive
years of surveillance by a hospital were ignored, up to a
maximum ‘gap’ of four years. Where possible, networks pro-
vided data additionally stratified by the National Healthcare
Safety Network (NHSN) National Nosocomial Infection Surveil-
lance (NNIS) risk index [14].

To capture certain operational characteristics of the net-
works, a survey was undertaken, with the questionnaire
developed jointly with a member of one network (T.L.), and
was pilot-tested before being sent to all participating net-
works. Items on the questionnaire (see Supplementary Ap-
pendix) included questions on network functioning,
surveillance and quality control practices, and existence of
network-level or national quality improvement practices.

All the procedures for which the networks provided data
were included. Procedures for which only one network pro-
vided data were included in the pooled analysis, but excluded
from the procedure-specific analysis for purposes of confiden-
tiality; this included gastric surgery, repair of neck of femur,
small bowel surgery, and ventricular shunt surgery. Certain
procedures with different procedure codes were regrouped
into broader categories; colon surgery, colorectal surgery, and
rectal surgery were regrouped into ‘colorectal surgery’, and
discectomy, spinal fusion, laminectomy and lumbar surgery
were regrouped into ‘spinal surgery’.

Statistical analysis

The primary analysis consisted of evaluating changes in SSI
rates, comparing each additional surveillance year to the first
surveillance year (year 1, reference). A random-effects Poisson
regression was applied, including sum of SSIs as a dependent
variable, year as a categorical independent variable, and the
total number of operations as an offset. In addition, network
was included as random intercept to take into account clus-
tering effects (or intra-network correlation), as in the study by
Minalu et al. [15]. The likelihood ratio test was used to confirm
presence of intra-cluster correlation or whether variation be-
tween network intercepts was significant. Cumulative annual
SSI rates and 95% confidence intervals (Cls) were calculated,
followed by yearly rate ratios (RRs) with 95% Cl. Crude pooled
and procedure-specific analyses, as well as pooled analyses
stratified by the NNIS risk index, were performed. To evaluate
year-to-year changes, a secondary analysis was performed
where estimates for each year (y) are provided using the pre-
vious year (y — 1) as a reference. To evaluate whether there

was an overall change in SSI rates over the surveillance period,
the random-effects Poisson regression was repeated using year
as a continuous variable.

The Poisson analysis was restricted to the years included in
the 90" percentile of the overall, cumulative sum of operations
for two reasons. First, there was considerable heterogeneity in
the duration of surveillance by network and by procedure, so
that the number of networks gradually declined as well as the
number of operations. Second, by performing a stratification
by years of participation it was deemed likely that, because
larger and/or teaching hospitals participate longer (i.e. join
the network earlier in calendar years), they would be over-
represented in the later years, compared to smaller hospitals
with a different case-mix, which could artificially increase SSI
rates; the inverse effect of presenting the results by calendar
year.

Subgroup and sensitivity analyses

Two subgroup analyses were performed. The first was on the
subset of procedure-specific data where SSI rates were strati-
fied by the NNIS risk index (minimum number of opera-
tions:100,000); unknown categories were ignored. The second
was based on responses provided by the networks in the
questionnaire relating to mandatory post-discharge surveil-
lance, routine quality control, benchmarking, and mandatory/
voluntary reporting. These analyses were performed using a
multivariate random-effects Poisson model, and, if indicated
by the likelihood ratio test, interaction terms between the
network characteristic and the year of surveillance were
included. The SSI rates predicted by the model were then
visualized by graph. A sensitivity analysis was performed by
including published data obtained from the study by the
American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) [13].

All statistical analyses were performed using Stata version
14 (StataCorp. 2015. College Station, TX, USA). Two-tailed
P < 0.05 was considered statistically significant.

Results

Seventeen networks from 15 countries from three conti-
nents (Asia, Australia, and Europe) participated in the study:
Australia (Queensland, Victoria, and Western Australia),
Austria, England, Finland, France, Germany, Hungary, The
Netherlands, Norway, Scotland, Spain (Catalonia), Singapore,
South Korea, Switzerland, and Wales. The remaining 19 invited
networks either declined (N = 2), were unable to provide data
stratified by year of participation in the network (N = 3), did
not respond to requests (N = 13), or had been conducting
surveillance for less than three years (N = 1).

Survey results

Completed questionnaires were received from all 17
participating networks. The median year of establishment of
the networks was 2003 (interquartile range (IQR): 1999—2005),
and the median number of participating hospitals increased
from 28 (IQR: 9—42) in the first year to 43 (IQR: 20—24) at the
time of questionnaire completion (February 2017) or end of
network activity. More than three-quarters (N = 13) of the
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networks had no restrictions as to which hospitals could
participate in the network, and more than half (N = 10) of the
networks reported a catchment of >80% of hospitals in the
region/country. Nine networks used US Centers for Disease
Control definitions (either 2016 update (N = 2) or 1999 defini-
tion (N = 7)), and five used European Centre for Disease Pre-
vention and Control definitions. Hospital surveillance and
reporting of SSl is voluntary in six networks, mandatory in five,
and a mixture of voluntary and mandatory in six. Post-
discharge surveillance (PDS) was performed in 15 networks;
mandatory in 10 networks, and recommended (but not
mandatory) in five. Feedback to surgical departments or sur-
geons was encouraged or required by 14 networks; of these, 11
facilitated the provision of feedback. Quality control of the
data submitted by the hospitals was routinely performed by
five of the networks, and occasionally by seven. Five networks
underwent significant changes to surveillance methodology
during the years for which they submitted data. The changes
included duration of follow-up (N = 2) and stepwise changes
from intermittent to continuous surveillance (N = 1). Over two-
thirds (N = 12) of the networks reported the implementation of
structured quality improvement initiatives. More detailed re-
sults of the survey are summarized in Supplementary Table S1.

Characteristics of included operations

Networks provided data on 23 types of surgical procedure
before being regrouped into 17 (appendectomy, coronary ar-
tery bypass graft, cholecystectomy, colon surgery, colorectal
surgery, craniectomy, caesarean section, discectomy, femoral
neck repair, spinal fusion, gastric surgery, herniorrhaphy, hip
and knee prosthesis, hysterectomy (abdominal and vaginal),
laminectomy, lumbar surgery, mastectomy, rectal surgery,
small bowel surgery, peripheral vascular bypass surgery, ven-
tricular shunt): 5,831,737 operations and 113,166 SSls, yielding
an overall cumulative SSl rate of 1.94% (95% Cl: 1.93—1.95). The

Table |
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number of networks and the median number of operations per
network, and median duration of surveillance for each pro-
cedure are shown in Table I. Overall, the median yearly number
of operations under surveillance was 12,492 (interquartile
range (IQR): 7787—24,628), and the median number of years of
surveillance was 9 (7—14) (Table I). The median number of
procedures to which each network contributed data was 6
(3—10). Three networks (France, England, and Germany) pro-
vided 69.6% of all the operations.

For each procedure, the number of operations, the number
of networks contributing data, and the median number of years
of surveillance are shown in Table Il. Orthopaedic, digestive,
and gynaecologic surgery contributed 90.5% of all operations,
with 46.1%, 22.8%, and 21.6%, respectively. The highest cu-
mulative SSI rate was observed in colorectal surgery (9.33%;
95% Cl 9.23—9.44), and the lowest was observed in spinal sur-
gery (0.62%; 95% Cl: 0.58—0.66) (Table Il). The procedure-
specific distribution of operations and SSls, and SSI rates
stratified by NNIS risk index, are shown in Supplementary
Table S2.

Primary (pooled) analysis

There was significant variation between networks and the
likelihood ratio test indicated that random-effects Poisson
regression gave a better fit of the data for both the overall SSI
RR and RR stratified by the NNIS risk index; therefore, only
results from this model are presented. Overall, there was a
statistically significant gradual decrease in the overall SSI RR
from participation years 2—9 when compared to year 1
(Figure 1A), with RR 0.65 at year 9 (95% Cl: 0.63—0.67)
(Table lll.A). For SSl rates stratified by NNIS risk index there was
also a significant gradual decrease in SSI RR (Figure 1B—D). The
SSIRRs in the final year compared to year 1 for NNIS-0 to NNIS-3
procedures, respectively, were 0.59 (95% Cl: 0.56—0.63), 0.73
(0.69—0.78), 0.67 (0.60—0.73), and 0.51 (0.38—0.68). When

Numbers of procedures and duration of surveillance data provided by each SSI surveillance network

Country (region) Network name  No. of included

Total no. of Yearly median no. of Median years of

or acronym procedures operations (%) operations (IQR) participation (IQR)

Australia (Queensland) - 6 174,255 (3.0) 11,136 (10,277—-13,229) 15 (15—15)
Australia (Victoria) VICNISS 4 166,919 (2.9) 13,446 (9095—16,851) 13 (13—13)
Australia (Western Australia) HISWA 3 120,432 (2.1) 9627 (8153—14,389) 11 (6—11)
Austria ANISS 7 83,521 (1.4) 10,010 (9517—10,490) 9 (8—9)
England SSISS 11 1,087,916 (18.7) 114,663 (95,366—124,789) 10 (6—10)
Finland SIRO 6 124,813 (2.1) 12,888 (10,578—14,263) 9 (8—10)
France RAISIN 12 1,178,688 (20.2) 59,347 (9922—132,618) 15 (14—16)
Germany KISS 13 1,792,195 (30.7) 52,695 (11,237—129,889) 19 (17-20)
Hungary NNSR 5 73,586 (1.3) 4802 (2201—-12,534) 9 (8—10)
Norway NOIS 121,985 (2.1) 11,623 (10,387—12,119) 11 (7—11)
Scotland SSHAIP 1 17,977 (0.3) 3151 (2603—3660) 6 (6—6)
Singapore - 1 4348 (0.1) 533 (352-589) 9 (9-9)
Spain (Catalonia) VINCAT 3 72,086 (1.2) 14,387 (13,592—15,865) 5 (5-5)
South Korea KONIS 13 175,112 (3.0) 13,605 (4474—33,835) 5 (5-7)
Switzerland Swissnoso 9 235,162 (4.0) 34,131 (10,909—-56,850) 7 (6—7)
The Netherlands PREZIES 10 288,432 (4.9) 14,092 (7349—30,300) 10.5 (8—12)
Wales WHAIP 3 114,310 (2.0) 13,458 (12,193—13,996) 8 (8—9)
Total 17 5,831,737 12,492 (7787—24,628) 9 (7—14)

SSI, surgical site infection; IQR, interquartile range.
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Table Il
Number of networks, median number of operations, and median years of surveillance for each procedure
Procedure type No. of Median no. of operations Median years of ~ Total no. of Total no. Cumulative
networks per network (IQR) surveillance (IQR)  operations of SSls SSI rate (%)
Cardiovascular surgery
Coronary artery bypass graft 9 10,688 (8492—21,555) 10 (8—13) 290,052 11,998 4.14
Cardiac surgery 2 8764 (3797—13,731) 5.5 (5—6) 17,528 193 1.10
Peripheral vascular bypass surgery 2 24,528 (3170—45,886) 12.5 (10—15) 49,056 1990 4.06
Digestive surgery
Appendectomy 6 12,419 (3378—62,358) 9 (7—16) 162,090 3900 2.41
Cholecystectomy 9 21,960 (17,017—30,177) 9 (7—11) 431,406 5998 1.39
Colorectal surgery 10 21,199 (11,518—39,319) 8.5 (7—11) 320,123 29,882 9.33
Herniorrhaphy 5 24,053 (8060—106,169) 10 (7—16) 378,881 2657 0.70
Gynaecologic/obstetric surgery
Caesarean section 13 43,435 (29,576—64,692) 9 (8—13) 845,952 19,252 2.28
Hysterectomy (abdominal) 6 13,149 (7141-23,372) 12.5 (10—15) 92,230 1931 2.09
Hysterectomy (vaginal) 3 20,392 (4921—21,006) 13 (5—14) 46,319 345 0.74
Mastectomy/breast surgery 7 12,335 (3947—-112,342) 12 (6—15) 275,983 4392 1.59
Neurosurgery
Craniectomy 2 9933 (6139—13,726) 6 (5-7) 19,865 425 2.14
Spinal surgery 6 28,045 (10,968—46,434) 7.5 (5—11) 172,270 1064 0.62
Orthopaedic surgery
Hip prosthesis 16 37,297 (18,230—80,646) 10 (8—14) 1,532,181 17,888 1.17
Knee prosthesis 13 35,231 (27,816—74,611) 10 (9—15) 1,138,419 9564 0.84
Total® 17 23,372 (8593—48,241) 9 (7—14) 5,831,737 113,166 1.94

SSI, surgical site infection; IQR, interquartile range.

2 Details from four procedure types (gastrectomy, small bowel surgery, ventricular shunt, and repair of neck of femur) are included in the total,
but not shown because only one network provided data for each, respectively.

yearly SSI RRs were compared using the preceding year as
reference, statistically significant year-to-year decreases were
observed for most years of surveillance for overall and NNIS-
0 SSI RR (Table 111.B); the greatest decreases were observed
on the second and seventh year of surveillance. For NNIS-1 and
NNIS-2, there were decreases observed for most years of sur-
veillance but they were mostly non-significant, except for
years 2, 3, and 7, where the decreases were significant
(Table 111.B). For NNIS-3, the only observed significant change
was a decrease at year 9 (RR: 0.59; 95% CI: 0.42—0.83).

Procedure-specific analysis

For all procedure categories, there was significant variation
between networks and the likelihood ratio test indicated that
random-effects Poisson regression gave a better fit to the
overall (i.e. not NNIS-stratified) data; therefore, only results
from this model are presented. The graphs of the yearly SSI RR
for each procedure category are shown in Figure 2 and the
corresponding numbers in Supplementary Table S3. The impact
is not uniform across all procedure categories.

The yearly RRs, calculated using year 1 as reference, were
all significantly decreased for colorectal surgery, hernior-
rhaphy, caesarean section, hip prosthesis, and knee prosthesis.
For these procedures, when yearly SSI RRs were calculated
using each preceding year as reference, there was a significant
decrease in year 2. For the remaining years, there were few
statistically significant year-to-year decreases, apart from
caesarean section, where there were consistent decreases up
to year 7.

For cardiac surgery, coronary artery bypass surgery, pe-
ripheral vascular bypass surgery, appendectomy, cholecystec-
tomy, abdominal hysterectomy, mastectomy, and spinal
surgery, there were significant decreases in SSI RR for some,
but not all, years. For vaginal hysterectomy there were no
significant changes in SSI RR in any year, either when using year
1 or each preceding year as reference. For craniectomy, there
were statistically significant increases in SSI RR for years 3
and 4.

Subgroup analyses

For SSI RRs stratified by the NNIS risk index, the random-
effects Poisson regression also performed better for most
procedures for NNIS-0 to NNIS-2 (Supplementary Table S4). For
NNIS-3, due to the small sample size and number of SSIs, the
model only performed well for appendectomy, cholecystec-
tomy, and colorectal surgery. In general, there were non-
significant changes for most procedures in each NNIS risk in-
dex category. For NNIS-0, there were significant decreases
observed in most years for cholecystectomy, herniorrhaphy,
hip prosthesis, knee prosthesis, and spinal surgery. For NNIS-1,
there were significant decreases observed in most years for
appendectomy, herniorrhaphy, hip prosthesis, and knee pros-
thesis. For NNIS-2, significant decreases were observed in most
years for colorectal surgery, herniorrhaphy, and hip prosthesis.

When comparing networks with and without certain char-
acteristics, such as routine quality control, mandatory PDS,
mandatory reporting, provision of feedback, and bench-
marking, there were no statistically significant differences in
baseline SSI rates between networks with and those without
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Figure 1. Yearly pooled surgical site infection (SSI) rate ratios
(RRs) for all (A) and risk-stratified procedures NNIS-0 (B), NNIS-1
(C), NNIS-2 (D), and NNIS-3 (E), with hospitals’ first year of
participation in surveillance as reference, 95% Cl based on
random-effects Poisson regression models. NNIS, National Noso-
comial Infection Surveillance system.

the characteristic. Overall, there were no significant differ-
ences between the yearly rates, except for benchmarking in
years 7 and 8 (Supplementary Figure 1).

Sensitivity analysis

When including the data from ACS-NSQIP for the overall
trend analysis, the effect persisted, albeit with slightly lower
RR (Supplementary Table S5). The nadir RR was observed at
year 8 (RR: 0.83; 95% Cl: 0.81—0.84) when including ACS-NSQIP
data, and at year 9 (0.65; 0.63—0.67) when excluding these
data.

Discussion

In this large, international cohort study, data were included
on more than five million operations derived from 17 SSI sur-
veillance networks from three continents over an average of
nine years. Our results show a strong and sustainable decrease
in SSI rates subsequent to hospitals joining surveillance net-
works, especially after two years of participation. This pro-
vides support for the impact of surveillance as a means to
reduce infection rates.

When the analysis stratified for NNIS risk category was
repeated, overall, and for the subset of procedures with a large
volume of operations, such as hip prosthesis and knee pros-
thesis, the surveillance effect was confirmed. Unfortunately,
for many procedures, the sample size was too small to conduct
analyses stratified by NNIS risk index; also, the NNIS risk index
analysis was only based on the subset of data available.

The mechanisms by which this decrease occurred may
either be through feedback and/or the surveillance effect.
Indeed, most of the networks reported the implementation of
structured quality improvement initiatives in the field of SSI
prevention on a national/regional level during the surveillance
period. This is consistent with one of the aims of surveillance,
which is to guide and evaluate IPC interventions, and both
should act in concert [7]. Surveillance and feedback give the
participating institutions an opportunity to compare their re-
sults with, and learn from, their peers; they could also be used
by participants to ‘persuade’ their hospital administration to
provide more support for SSI reduction measures. Therefore,
specific SSI measures may occur as a result of surveillance data.
In effect, active surveillance entails the cycle of data collec-
tion, feedback to relevant stakeholders, implementation of an
intervention, and evaluation of the intervention. These mea-
sures could, for example, include improved preoperative
antibiotic prophylaxis, or decolonization of Staphylococcus
aureus carriers. One may argue that a reduction in SSI rates
could also be related to reduced case-finding over time (so-
called ‘fatigue effect’), but it has already been demonstrated
that with increasing experience, the accuracy of surveillance
by infection control practitioners is rather improved, both in
terms of sensitivity and specificity [16].

The results of this study are aligned with what previous
single-network studies have shown when analysing surveillance
data from a ‘length of surveillance’ perspective (up to 46%
reduction in SSI in knee prosthesis), as well as reported in a
recent systematic literature review (up to 20% decrease)
[5,8,12,13,17,18]. These findings support the pivotal role
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Table llI

273

Yearly pooled surgical site infection (SSI) rate ratios (RRs), and RRs stratified by NNIS category, using (A) hospitals’ first year of participation
as reference for all years, and (B) using previous year as reference for each yearly RR, respectively®

Year of Overall (N = 5,152,688)  NNIS-0 (N = 2,619,572)  NNIS-1 (N = 1,482,277)  NNIS-2 (N = 335,725)  NNIS-3 (N = 21,936)
surveillance RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl
A. Year 1 as reference for all years
1 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
2 0.91 0.89—-0.93 0.88 0.85—0.92 0.92 0.89—-0.96 0.89 0.85—0.94 0.93 0.83—-1.05
3 0.85 0.84-0.87 0.82 0.79—0.85 0.88 0.85—0.92 0.90 0.85—0.95 0.84 0.74-0.96
4 0.84 0.82—-0.86 0.80 0.77-0.84 0.88 0.84—-0.91 0.87 0.82—0.92 0.82 0.72—-0.94
5 0.80 0.78—0.82 0.73 0.69-0.76 0.87 0.83—0.90 0.81 0.76—0.86 0.78 0.68—0.91
6 0.78 0.76—0.80 0.69 0.66—0.72 0.86 0.83-0.90 0.88 0.83-0.94 0.82 0.70—0.96
7 0.71 0.69—-0.73 0.60 0.57—0.63 0.80 0.76—0.84 0.83 0.77—0.89 0.78 0.65—0.94
8 0.67 0.65—0.69 0.59 0.56—0.62 0.78 0.74—-0.82 0.76 0.70—0.82 0.85 0.69—1.05
9 0.65 0.63—-0.67 0.59 0.56—0.63 0.73 0.69—0.78 0.72 0.66—0.78 0.51 0.38—0.68
10 — — — - — — 0.67 0.60—0.73 — —
B. Previous year is the reference for each yearly RR
1 1 1 1 1 1
2 0.91 0.89—-0.93 0.88 0.85—0.92 0.92 0.89—-0.96 0.89 0.85—-0.94 0.93 0.83—1.05
3 0.94 0.92—-0.96 0.93 0.89-0.97 0.96 0.92—-0.99 1.01 0.95—-1.07 0.90 0.79-1.03
4 0.98 0.96—1.01 0.98 0.94—-1.02 0.99 0.95—-1.04 0.96 0.91-1.02 0.98 0.84-1.14
5 0.95 0.93-0.98 0.91 0.86—0.95 0.99 0.95—-1.03 0.93 0.87—-1.00 0.95 0.81-1.12
6 0.98 0.95—1.00 0.95 0.90—1.00 1.00 0.95—-1.05 1.09 1.02—1.18 1.05 0.87—1.26
7 0.91 0.88—-0.94 0.87 0.82—0.92 0.93 0.88—0.98 0.94 0.87—1.02 0.95 0.77-1.18
8 0.95 0.91-0.98 0.98 0.92—1.05 0.98 0.92—-1.04 0.92 0.84—1.01 1.09 0.85—1.41
9 0.96 0.92—1.00 1.01 0.94—-1.08 0.94 0.88—1.00 0.94 0.85—-1.04 0.59 0.42—-0.83
10 - — - - — - 0.93 0.83—-1.04 — -

NNIS, National Nosocomial Infection Surveillance system.

2 Only random-effects Poisson regression RR. Data are restricted to the 90" percentile of operations.

surveillance can play in IPC, and underpin the importance of
implementation of surveillance and, possibly, regional bench-
marking. What remains to be determined is the cost-
effectiveness of active surveillance for SSI prevention.
Indeed, active clinical surveillance at the bedside requires
substantial resources which are not available in all facilities in
many countries, especially in low- or middle-income areas.

The fact that not all procedure categories have shown
decreased SSI rates with time, and some have even shown in-
creases, has already been reported [10]. This may be evidence
of the fact that the incremental benefit of surveillance and
interventions may be greater in some areas than in others. This
may help to guide the development of interventions, as rate
reduction in some procedures may be the ‘low hanging fruit’.

This study has several limitations. First, as mentioned, it is
impossible to disentangle the ‘surveillance effect’ from the
effect of implementing specific prevention interventions, or
quality improvement initiatives recommended in guidelines,
either in response to, or unrelated to, reported SSI rates
[19—21]. However, to assess whether this decrease was solely
caused by specific interventions would entail analysing each
individual hospital’s experience and timing of interventions.
Unfortunately, this could not be formally tested due to lack of
individual hospital-level data, which also precluded us from
evaluating the effect of changes in the surveillance method-
ology of five networks.

Second, by stratifying hospital data by year of surveil-
lance, there is the possibility of an inverse phenomenon to
what occurs when data are presented by calendar year;
because smaller hospitals/clinics or private institutes

participate for fewer years, they may be increasingly un-
derrepresented with each subsequent year, leading to
changes in case-mix and possible artificial increases in SSI
rates. Residual confounding may still occur due to hospitals
joining surveillance for the first time at a later time-point,
but by then exposed to a stronger culture of IPC practices
due, for example, to intensified national efforts [22].
Although these late joiners may contribute lower SSI risk to
the group designated as first or two years of participation, the
random-effects component of the model would take into
account unobserved heterogeneity not related to any sur-
veillance effect. To further mitigate this risk, the Poisson
analysis was restricted to the 90" percentile of the overall,
cumulative sum of operations per year, and in these analyses
no negative change in risk reduction over the years was
observed. This 10% tail is likely to include mostly larger hos-
pitals and tertiary referral centres with higher levels of case-
mix and surgeons doing higher volume of surgery. Higher
volumes and frequent exposure to complex surgery may be
associated with lower adverse outcomes [23].

Third, we acknowledge that networks operate differently,
for example regarding the definition of SSI or procedure, the
collection of post-discharge surveillance data, implementation
of mandatory surveillance with publicly reportable data, in-
tensity of national policies to reduce HCAI, or the background
characteristics of patients under surveillance [24]. Although
this precludes inter-network comparisons, we do not believe
that this hinders our analysis, as each network acts as its own
control, and random-effects Poisson analysis took intra-cluster
correlation into account.
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Figure 2. Yearly procedure-specific surgical site infection (SSI) crude rate ratios (RRs) with year 1 as reference, 95% confidence intervals

based on random-effects Poisson regression models.

Finally, the external validity of the presented results is
limited for two reasons. No data were obtained from low- and
middle-income countries, either because surveillance net-
works collecting incidence-based data do not exist, or because
they were unable to provide these data. Also, no data were
collected from hospitals that perform surveillance outside of
networks; however, there is no reason to assume that the
observed effect would be different.

To the best of our knowledge, this is the first study making
use of the strength of numbers, by looking at trends in SSI rates
among multiple surveillance networks. In addition, confound-
ing by hospital-mix over surveillance years was eliminated by

stratifying SSI rates per year since start of participation,
instead of calendar year. Finally, random-effects models were
applied to take into account intra-network baseline SSI rates.
This study’s findings are important as they provide insight as to
optimal timing of evaluation of the impact of quality
improvement, notably that it should not be performed earlier
than two years. Also, it provides contemporary data with which
other networks can benchmark.

In conclusion, this study demonstrates that SSI surveillance
is associated with decreased SSI rates, across major procedure
categories, and across multiple networks. This warrants in-
vestment in SSI surveillance activities for those healthcare
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facilities not yet participating in any SSI surveillance network,
although cost—benefit ratios and the impact in low- and
middle-income countries remain to be determined.

Acknowledgements

The networks would like to extend their thanks towards
hospitals that are participating in the networks, as well as to
the co-ordinating staff. SSI prevention studies by Drs Abbas and
Harbarth leading to this project idea have received support
from the Innovative Medicines Initiative Joint Undertaking
under the Combatting Bacterial Resistance in Europe (COM-
BACTE) grant agreement no. 115523, resources of which are
composed of the financial contribution from the EU’s Seventh
Framework Programme (FP7/20072013) and the European
Federation of Pharmaceutical Industries and Associations
(EFPIA) companies’ in-kind contribution. We would like to
thank Assist. Prof. B.A.S. Peng (Tan Tock Seng Hospital), Prof.
D. Fisher (National University Health System), Dr C.W. George
(Khoo Teck Puat Hospital), Dr S.K.M.S. Pada (Ng Teng Fong
Hospital), and Dr T.T. Yen (Changi General Hospital) for sup-
plying data, and we would like to thank Dr C. Wloch and Ms P.
Harrington for their assistance in designing and piloting the
survey questionnaire.

Conflict of interest statement

Drs M. Abbas, E. Aghayev, S. Harbarth, and N. Troillet have
worked on an investigator-initiated projected mandated by
Swissnoso that was funded by Pfizer USA. Drs S. Harbarth
and |. Prantner report grants from Pfizer USA, outside the
submitted work. Dr E. Presterl reports grants from the
Ministry of Health of Austria, during the conduct of the
study. All other authors have no conflicts of interest to
disclose.

Funding sources
None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhin.2018.12.003.

References

[1] European Centre for Disease Prevention and Control. Point
prevalence survey of healthcare associated infections and anti-
microbial use in European acute care hospitals. Stockholm: ECDC;
2013.

Cassini A, Plachouras D, Eckmanns T, Abu Sin M, Blank HP,
Ducomble T, et al. Burden of six healthcare-associated infections
on European population health: estimating incidence-based
disability-adjusted life years through a population prevalence-
based modelling study. PLoS Med 2016;13:e1002150.

[3] Mittmann N, Koo M, Daneman N, McDonald A, Baker M, Matlow A,
et al. The economic burden of patient safety targets in acute
care: a systematic review. Drug Healthc Patient Saf
2012;4:141—65.

Haley RW, Culver DH, White JW, Morgan WM, Emori TG, Munn VP,
et al. The efficacy of infection surveillance and control programs
in preventing nosocomial infections in US hospitals. Am J Epi-
demiol 1985;121:182—205.

[2

—

[4

[nar]

[5] Gastmeier P, Schwab F, Sohr D, Behnke M, Geffers C. Repro-
ducibility of the surveillance effect to decrease nosocomial
infection rates. Infect Control Hosp Epidemiol 2009;30:993—9.

[6] Global guidelines for the prevention of surgical site infection.
WHO guidelines approved by the guidelines review committee.
Geneva: WHO; 2016.

[7] Storr J, Twyman A, Zingg W, Damani N, Kilpatrick C, Reilly J,
et al. Core components for effective infection prevention and
control programmes: new WHO evidence-based recommenda-
tions. Antimicrob Resist Infect Control 2017;6:6.

[8] Abbas M, Tartari E, Allegranzi B, Pittet D, Harbarth S. The effect
of participating in a surgical site infection (SSI) surveillance
network on the time trend of SSI rates: a systematic review.
Infect Control Hosp Epidemiol 2017;38:1364—6.

[9] von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP, et al. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines  for  reporting observational studies. BMJ
2007;335:806—8.

[10] Staszewicz W, Eisenring MC, Bettschart V, Harbarth S, Troillet N.
Thirteen years of surgical site infection surveillance in Swiss
hospitals. J Hosp Infect 2014;88:40—7.

[11] Brandt C, Sohr D, Behnke M, Daschner F, Ruden H, Gastmeier P.
Reduction of surgical site infection rates associated with active
surveillance. Infect Control Hosp Epidemiol 2006;27:1347—51.

[12] Geubbels EL, Nagelkerke NJ, Mintjes-De Groot AJ, Vanden-
broucke-Grauls CM, Grobbee DE, De Boer AS. Reduced risk of
surgical site infections through surveillance in a network. Int J
Qual Health Care 2006;18:127—33.

[13] Cohen ME, Liu Y, Ko CY, Hall BL. Improved surgical outcomes for
ACS NSQIP hospitals over time: evaluation of hospital cohorts with
up to 8 years of participation. Ann Surg 2016;263:267—73.

[14] 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;91:1525—7S.

[15] Minalu G, Aerts M, Coenen S, Versporten A, Muller A,
Adriaenssens N, et al. Application of mixed-effects models to
study the country-specific outpatient antibiotic use in Europe: a
tutorial on longitudinal data analysis. J Antimicrob Chemother
2011;66(Suppl 6):vi79—87.

[16] Ehrenkranz NJ, Shultz JM, Richter EL. Recorded criteria as a ‘gold
standard’ for sensitivity and specificity estimates of surveillance
of nosocomial infection: a novel method to measure job perfor-
mance. Infect Control Hosp Epidemiol 1995;16:697—702.

[17] Mannien J, van den Hof S, Muilwijk J, van den Broek PJ, van
Benthem B, Wille JC. Trends in the incidence of surgical site
infection in the Netherlands. Infect Control Hosp Epidemiol
2008;29:1132-8.

[18] Troillet N, Aghayev E, Eisenring MC, Widmer A, Swissnoso. First
results of the Swiss National Surgical Site Infection Surveillance
Program: who seeks shall find. Infect Control Hosp Epidemiol
2017:697—704.

[19] Allegranzi B, Bischoff P, de Jonge S, Kubilay NZ, Zayed B,
Gomes SM, et al. New WHO recommendations on preoperative
measures for surgical site infection prevention: an evidence-
based global perspective. Lancet Infect Dis 2016;16:e276—87.

[20] Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, de Jonge S, de
Vries F, et al. New WHO recommendations on intraoperative and
postoperative measures for surgical site infection prevention: an
evidence-based global perspective. Lancet Infect Dis
2016;16:288—303.

[21] Berrios-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC,
Kelz RR, et al. Centers for Disease Control and Prevention
guideline for the prevention of surgical site infection, 2017. JAMA
Surg 2017;152:784—91.

[22] Elgohari S, Wilson J, Saei A, Sheridan EA, Lamagni T. Impact of
national policies on the microbial aetiology of surgical site


https://doi.org/10.1016/j.jhin.2018.12.003
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref1
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref1
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref1
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref1
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref2
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref2
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref2
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref2
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref2
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref3
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref3
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref3
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref3
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref3
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref4
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref4
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref4
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref4
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref4
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref5
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref5
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref5
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref5
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref6
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref6
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref6
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref7
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref7
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref7
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref7
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref8
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref8
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref8
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref8
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref8
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref9
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref9
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref9
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref9
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref9
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref9
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref10
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref10
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref10
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref10
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref11
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref11
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref11
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref11
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref12
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref12
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref12
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref12
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref12
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref13
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref13
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref13
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref13
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref14
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref14
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref14
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref14
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref14
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref15
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref15
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref15
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref15
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref15
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref15
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref16
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref16
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref16
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref16
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref16
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref17
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref17
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref17
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref17
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref17
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref18
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref18
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref18
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref18
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref18
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref19
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref19
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref19
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref19
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref19
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref20
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref20
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref20
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref20
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref20
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref20
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref21
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref21
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref21
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref21
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref21
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref22
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref22

276

[23]

M. Abbas et al. / Journal of Hospital Infection 102 (2019) 267—276

infections in acute NHS hospitals in England: analysis of trends
between 2000 and 2013 using multi-centre prospective cohort
data. Epidemiol Infect 2017;145:957—69.

Ravi B, Jenkinson R, Austin PC, Croxford R, Wasserstein D,
Escott B, et al. Relation between surgeon volume and risk of
complications after total hip arthroplasty: propensity score
matched cohort study. BMJ 2014;348:g3284.

[24] Meijerink H, Lamagni T, Eriksen HM, Elgohari S, Harrington P,

Kacelnik O. Is it valid to compare surgical site infections rates
between countries? Insights from a study of English and Nor-
wegian surveillance systems. Infect Control Hosp Epidemiol
2017;38:162—71.


http://refhub.elsevier.com/S0195-6701(18)30680-7/sref22
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref22
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref22
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref22
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref23
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref23
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref23
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref23
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref24
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref24
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref24
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref24
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref24
http://refhub.elsevier.com/S0195-6701(18)30680-7/sref24

	Impact of participation in a surgical site infection surveillance network: results from a large international cohort study
	Introduction
	Methods
	Statistical analysis
	Subgroup and sensitivity analyses

	Results
	Survey results
	Characteristics of included operations
	Primary (pooled) analysis
	Procedure-specific analysis
	Subgroup analyses
	Sensitivity analysis

	Discussion
	Acknowledgements
	Conflict of interest statement
	Funding sources
	Appendix A. Supplementary data
	References


