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Summary

I ntroduction:

Surveillance of surgical site infections (SSI) isome component of effective infection control
practices, though its impact has not been quadtdrea large scale. This study aims to determiae th

time-trend of SSI rates in surveillance networks.

Methods:

SSI surveillance networks provided procedure-speddta on numbers of SSis and operations,
stratified by hospitals’ year of participation ietsurveillance, to capture length of participatsran
exposure. Pooled and procedure-specific randonetsff@oisson regression was performed to obtain
yearly rate ratios (RR) with 95% confidence intdés\&l), and including surveillance network as

random intercept.

Results:

Of 36 invited networks, 17 networks from 15 higlséeme countries across Europe, Asia and
Australasia participated in the study. Aggregatathan 17 surgical procedures (cardio-vascular,
digestive, gynaecologic-obstetrical, neurosurgiaat] orthopaedic) were collected, resulting in data
concerning 5,831,737 operations and 113,166 S8krelwas a significant decrease in overall SSI
rates over surveillance time resulting in a 35%uotidn at the ninth (final) included year of
surveillance (RR 0.65; 95% CI1 0.63-0.67). Thereenlarge variations across procedure-specific
trends, but strong consistent decreases were @uastwcolorectal surgery, herniorrhaphy, Caesarean

section, hip prosthesis, and knee prosthesis.

Conclusion:



In this large, international cohort study, pooleétl &ates-showed a were associated with a stable and
sustainable decrease after joining a SSI survedlaretwork; a causal relationship is possible,
although unproven. There was heterogeneity in phagespecific trends. These findings support the
pivotal role of surveillance in reducing infecticates and call for widespread implementation of

hospital-based SSI surveillance in high-income toes

Summary word count: 256



I ntroduction

Surgical site infections (SSlIs) are a leading catisealthcare-associated infections (HAI) [1, 2].
They negatively impact both on patients and heafthsystems, as they are associated with poorer
clinical outcomes, and increased length of hospi}, readmissions and/or reoperations, antibiotic

consumption and costs [1, 3].

The possible, positive impact of HAI surveillanaeldAl incidence was first described in the
landmark study on the efficacy of nosocomial infaticontrol (SENIC) [4]. Surveillance may be
effective through two mechanisms: guidance of itdecprevention and control (IPC) programmes
through feedback of empirical data, or a “surveitia effect”, i.e. the simple fact of being conssiou

of being observed may independently lead to impiquactices [5].

The role of SSI surveillance was recently highlgghin the World Health Organization’s
Global guideline to prevent SS [6], and the core components [7], but its impact hat been
guantified in these guidelines. Furthermore, tlagesfew reports that consider surveillance data not
by calendar year, but rather from a “length of ipgration” perspective (as an exposure); in these,
data were stratified by years since start of p@aiton of hospitals in the network. In surveillenc
networks, larger teaching hospitals are usuallyfitseto enter, and smaller clinics (with less qudex
case-mix) join later; consequently, SSI rates ctal@rtificially decreased in later years. In aeréc
systematic review, the impact of surveillance wadwated from a length of participation
perspective, and there was evidence of a decré&®l oates during the first five years of
participation in a surveillance network [8]. Howeyvas few networks (n=4) have published studies

presenting surveillance data in this manner, weewerble to perform procedure-specific analyses.

The objective of this study was to undertake adescale international study to determine the
time-trend of SSI incidence (hereafter referredgaates) in SSI surveillance networks, using tiakpi
data aggregated at the network level, by activeliecting detailed data directly from the

management teams of a wide selection of networksnakthe world.



M ethods

We conducted an international retrospective castody, based on data from as many SSI
surveillance networks as possible. The networkiineie as entities that collect surveillance daterfr
hospitals, were identified through the PubMedarch of the systematic literature review [8jwad

as a Googlésearch. For low-income countries in the WHO Africagion, the leadership of

Infection Control Africa Network (ICAN) was contaet. There were no exclusion criteria for the
networks in terms of how surveillance was conduéiteduding whether prospective, retrospective,
or a mix of both), although a minimum of three \geaf surveillance per procedure was required. We
followed the Strengthening the Reporting of Obseowal Studies in Epidemiology (STROBE)

guidelines in drafting the manuscript [9].

The networks were provided with a standardized daflaction template, and were requested
to provide procedure-specific data on the numbepefations and SSls aggregated at the network
level, stratified by year since individual hospstadtart of participation in the surveillance netwo
according to previously-defined methods [5, 10-Ng]n-consecutive years of surveillance by a
hospital were ignored, up to a maximum ‘gap’ ofrfgears. Where possible, networks provided data
additionally stratified by the National Healthc&afety Network (NHSN) National Nosocomial

Infection Surveillance (NNIS) risk index [14].

To capture certain operational characteristichefrtetworks, a survey was undertaken, with
the questionnaire developed jointly with a memberree network (TL), and was pilot-tested before
being sent to all participating networks. ltemglom questionnaire (Supplementary Appendix)
included guestions on network functioning, suresile and quality control practices, and existence

of network-level or national quality improvemenagptices.

We included all the procedures for which the neks@rovided data. Procedures for which
only one network provided data were included ingbeled analysis, but excluded from the

procedure-specific analysis for purposes of comfidty; this included gastric surgery, repair of



neck of femur, small bowel surgery, and ventricslaunt surgery. We regrouped certain procedures
with different procedure codes into broader catiegocolon surgery, colorectal surgery, and rectal
surgery were regrouped into “colorectal surgeryi] discectomy, spinal fusion, laminectomy and

lumbar surgery were regrouped into “spinal surgery”

Satistical analysis

The primary analysis consisted of evaluating chamy&SI rates, comparing each additional
surveillance year to the first surveillance yeaafyl, reference). A random-effects Poisson
regression was applied, including sum of SSlis dsp@ndent variable, year as a categorical
independent variable, and the total number of djmgraas an offset. In addition, network was
included as random intercept to take into accolustering effects (or intra-network correlationy, a
in the study by Minalu et al [15]. The likelihoodltio test was used to confirm presence of intra-
cluster correlation or whether variation betweetwoek intercepts was significant. We calculated
cumulative annual SSI rates and 95% confidencevailte (Cl), followed by yearly rate ratios (RR)
with 95% CI. Crude pooled and procedure-specifalyaes, as well as pooled analyses stratified by
the NNIS risk index, were performed. To evaluataryte-year changes, a secondary analysis was
performed where estimates for each ygaafe provided using the previous yearX) as a reference.
To evaluate whether there was an overall chan&Sirates over the surveillance period, we

repeated the random-effects Poisson regressiog year as a continuous variable.

We restricted the Poisson analysis to the yeatsded in the 98 percentile of the overall,
cumulative sum of operations for two reasons. Kirittere was considerable heterogeneity in the
duration of surveillance by network and by proceglgo that the number of networks gradually
declined as well as the number of operations. S#gphby performing a stratification by years of
participation we deemed it likely that, becausgédamnd/or teaching hospitals participate longer (i

join the network earlier in calendar years), theyuld be over-represented in the later years,



compared to smaller hospitals with a different ease which could artificially increase SSI rates;

the inverse effect of presenting the results bgruddr year.

Subgroup and sensitivity analyses

We performed two subgroup analyses; the first wathe subset of procedure-specific data where
SSI rates were stratified by the NNIS risk indexnimal number of operations = 100,000); unknown
categories were ignored. The second was basedspanges provided by the networks in the
guestionnaire relating to mandatory post-dischatgeeillance, routine quality control,
benchmarking, and mandatory/voluntary reportingesehanalyses were performed using a
multivariate random-effects Poisson model, anihdfcated by the likelihood ratio test, interaction
terms between the network characteristic and the giesurveillance were included. The SSl rates
predicted by the model were then graphed. A seiigiinalysis was performed by including
published data obtained from the study by AmeriCaltege of Surgeons National Surgical Quality

Improvement Program (ACS NSQIP) [13].

All statistical analyses were performed using Stetaion 14 (StataCorp. 2015. College

Station, TX). A two-taileg-value 0f<0.05 was considered for statistical significance.

Results

Seventeen networks from 15 countries from thrediments (Asia, Australia, and Europe)
participated in the study: Australia (Queenslandidfia, and Western Australia), Austria, England,
Finland, France, Germany, Hungary, The NetherlaNdsyay, Scotland, Spain (Catalonia),

Singapore, South Korea, Switzerland, and Wales.rémaining 19 invited networks either declined



(n=2), were unable to provide data stratified baryaf participation in the network (n=3), did not

respond to requests (n=13), or had been condustingillance for < 3 years (n=1).

urvey results

We received completed questionnaires from all ¥tigyating networks. The median year of
establishment of the networks was 2003 (interdearinge (IQR) 1999-2005), and the median
number of participating hospitals increased fron{IZ8R 9-42) in the first year to 43 (IQR 20-124)
participating at the time of questionnaire completjFebruary 2017) or end of network activity. Over
three-quarters (n=13) of the networks had no agiris as to which hospitals could participatehia t
network, and over half (n=10) of the networks répda catchment of >80% of hospitals in the
region/country. Nine networks used CDC definiti¢gisher 2016 update [n=2] or 1999 definition
[n=7]), and 5 used ECDC definitions. Hospital sultaace and reporting of SSI is voluntary in 6
networks, mandatory in 5, and a mixture of voluptand mandatory in 6. Post-discharge surveillance
(PDS) was performed in 15 networks; mandatory iméfvorks, and recommended (but not
mandatory) in 5. Feedback to surgical departmerngsigeons was encouraged or required by 14
networks; of these, 11 facilitated the provisiorfefdback. Quality control of the data submitted by
the hospitals was routinely performed by 5 of teeworks, and occasionally by 7. Five networks
underwent significant changes to surveillance nelegy during the years for which they submitted
data. The changes included duration of follow-up2jrand stepwise changes from intermittent to
continuous surveillance (n=1). Over two-thirds (8xaf the networks reported the implementation of
structured quality improvement initiatives. Mordalked findings of the questionnaires are

summarized in Supplementary Table S1.

Characteristics of included operations
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Networks provided data on 23 types of surgicatpdures before being regrouped into 17
(appendectomy, coronary artery bypass graft, clgetectomy, colon surgery, colorectal surgery,
craniectomy, Caesarean section, discectomy, femeic repair, spinal fusion, gastric surgery,
herniorrhaphy, hip and knee prosthesis, hystergcfabdominal and vaginal], laminectomy, lumbar
surgery, mastectomy, rectal surgery, small bowejesy, peripheral vascular bypass surgery,
ventricular shunt), 5,831,737 operations and 1¥338ls, yielding an overall cumulative SSI rate of
1.94% (95% CI 1.93-1.95). The number of networks e median number of operations per
network, and median duration of surveillance faheprocedure are shown in Table 1. Overall, the
median yearly number of operations under survaiflamas 12,492 (interquartile range (IQR) 7,787-
24,628), and the median number of years of suarait was 9 (IQR 7-14) (Table 1). The median
number of procedures each network contributed tdateas 6 (IQR 3-10). Three networks (France,

England, and Germany) provided 69.6% of all theratiens.

For each procedure, the number of operationsyuh&ber of networks contributing data, and
the median number of years of surveillance are sHowable 2. Orthopaedic, digestive, and
gynaecologic surgery contributed 90.5% of all opens, with 46.1%, 22.8%, and 21.6%,
respectively. The highest cumulative SSI rate waseoved in colorectal surgery (9.33%; 95% CI
9.23-9.44), and the lowest was observed in spurglesy (0.62%; 95% CI 0.58-0.66) (Table 2). The
procedure-specific distribution of operations aiglsSand SSI rates stratified by NNIS risk index ar

shown in Supplementary Table S2.

Primary (pooled) analysis

There was significant variation between networld e likelihood ratio test indicated that random-
effects Poisson regression gave a better fit ofitiie for both the overall SSI RR and RR stratifigd
the NNIS risk index; therefore, only results framstmodel are presented. Overall, there was a
statistically significant gradual decrease in therall SSI RR from participation years 2 to 9 when

compared to year 1 (Figure 1A), with RR 0.65 atr\@05% CI1 0.63-0.67) (Table 3A). For SSI rates
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stratified by NNIS risk index there was also a #igant gradual decrease of SSI RR (Figure 1B-D).
The SSI RR in the final year compared to year INWIS-0 to NNIS-3 procedures, respectively,
were 0.59 (95% CI 0.56-0.63), 0.73 (95% CI 0.698D.0.67 (95% CI 0.60-0.73), 0.51 (95% CI 0.38-
0.68). When yearly SSI RR were compared using teegualing year as reference, statistically
significant year-to-year decreases were observedh@st years of surveillance for overall and NNIS-
0 SSI RR (Table 3B); the greatest decreases weerdxl on the second and seventh year of
surveillance. For NNIS-1 and NNIS-2, there wererdases observed for most years of surveillance
but they were mostly non-significant, except foarge2, 3, and 7, where the decreases were
significant (Table 3B). For NNIS-3, the only obsedhsignificant 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 signifiganftion between networks and the likelihoodarati
test indicated that random-effects Poisson regraggve a better fit to the overall (i.e. not NNIS-
stratified) data; therefore, only results from thiedel are presented. The graphs of the yearh\RESI
for each procedure category are shown in Figumed2iae corresponding numbers in Supplementary

Table S3. The impact is not uniform across all pchee categories.

The yearly RRs, calculated using year 1 as referemere all significantly decreased for
colorectal surgery, herniorrhaphy, Caesarean sedtip prosthesis, and knee prosthesis. For these
procedures, when yearly SSI RR were calculatedyusaich preceding year as reference, there was a
significant decrease in year 2. For the remaineayy, there were few statistically significant year

year decreases, apart from Caesarean section, thieeeswere consistent decreases up to year 7.

For cardiac surgery, coronary artery bypass surgenypheral vascular bypass surgery,
appendectomy, cholecystectomy, abdominal hysterggtmastectomy, and spinal surgery, there
were significant decreases in SSI RR for somenbuall years. For vaginal hysterectomy, and

craniectomy, there were no significant changesShRR in any year, either when using year 1 or

12



each preceding year as reference. For craniectibrere were statistically significant increases 81 S

RR for years 3 and 4.

Subgroup analyses

For SSI RR stratified by the NNIS risk index, tl@mdom-effects Poisson regression also performed
better for most procedures for NNIS-0 to NNIS-2§Slementary Table S4). For NNIS-3, due to the
small sample size and number of SSI, the model patformed well for appendectomy,
cholecystectomy, and colorectal surgery. In genénate were non-significant changes for most
procedures in each NNIS risk index category. FOi]NB, there were significant decreases observed
in most years for cholecystectomy, herniorrhapliyy pnosthesis, knee prosthesis, and spinal surgery.
For NNIS-1, there were significant decreases olegkiv most years for appendectomy,
herniorrhaphy, hip prosthesis, and knee prosthEsisNNIS-2, there were significant decreases

observed in most years for colorectal surgery, ibertmaphy, and hip prosthesis.

When comparing networks with and without certaiarelgteristics, such as routine quality
control, mandatory PDS, mandatory reporting, piowi®f feedback, and benchmarking, there were
no statistically significant differences in baseli®SI rates between networks with and those without
the characteristic. Overall, there were no sigaificdifferences between the yearly rates, except fo

benchmarking in year 7 and 8 (Supplementary Figjure

Sensitivity analysis

When including the data from ACS-NSQIP for the @lldrend analysis, the effect persisted, albeit
with slightly lower RR (Supplementary Table S5)eTiadir RR was observed at year 8 (RR 0.83;
95% CI 0.81-0.84) when including ACS-NSQIP datal ahyear 9 (RR 0.65; 95% CI 0.63-0.67)

when excluding these data.
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Discussion

In this large, international cohort study, we irgd data on more than 5 million operations derived
from 17 SSI surveillance networks from three caenits over an average of 9 years. Our results show
a strong and sustainable decrease in SSI ratescudr® to hospitals joining surveillance networks,
particularly after two years of participation. Tipiovides support for the impact of surveillanceas

means to reduce infection rates.

When we repeated the analysis stratified for NN88 category, we found that overall, and
for the subset of procedures with a large volumeparations, such as hip prosthesis and knee
prosthesis, the surveillance effect was confirmiéfortunately, for many procedures, the sample size
was too small to conduct analyses stratified by SIN$k index; also, the NNIS risk index analysis

was only based on the subset of data available.

The mechanisms by which this decrease occurredeitiagr be through feedback and/or the
surveillance effect. Indeed, most of the netwosdfrted the implementation of structured quality
improvement initiatives in the field of SSI previent on a national/regional level during the
surveillance period. This is consistent with ohéhe aims of surveillance, which is to guide and
evaluate IPC interventions, and both should acbimcert [7]. Surveillance and feedback give the
participating institutions an opportunity to compaineir results with and learn from their peersyth
could also be used by participants to “persuadeit thospital administration to provide more support
for SSI reduction measures. Therefore, specificrB&isures may occur as a result of surveillance
data. In effect, active surveillance entails theleyf data collection, feedback to relevant stake-
holders, implementation of an intervention, and@aiion of the intervention. These measures could,
for example, include improved pre-operative antibiprophylaxis, or decolonization of
Saphylococcus aureus carriers. One may argue that a reduction in S86reould also be related to

reduced case-finding over time (so-called “fatigtfect”), but it has already been demonstrated that
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with increasing experience, the accuracy of suaemk by infection control practitioners is rather

improved, both in terms of sensitivity and spedii¢16].

The results of this study are aligned with whavjmes single-network studies have shown
when analysing surveillance data from a “lengtlw¥eillance” perspective (up to 46% reduction in
SSlin knee prosthesis) [5, 8, 12, 13, 17, 18jyel as reported in a recent systematic literature
review (up to 20% decrease) [8]. These findinggpsetpthe pivotal role surveillance can play in IPC,
and underpin the importance of implementation o¥aillance and, possibly, regional benchmarking.
What remains to be determined is the cost-effectige of active surveillance for SSI prevention.
Indeed, active clinical surveillance at the bedsatpiires substantial resources which are not

available in all facilities in many countries, esjadly in low or middle income areas.

The fact that not all procedure categories havevaldecreased SSI rates with time, and some
have even shown increases, has already been répbdie This may be evidence of the fact that the
incremental benefit of surveillance and intervemsionay be greater in some areas than others. This
may help to guide the development of interventiass,ate reduction in some procedures may be the

“low hanging fruit”.

This study has several limitations. First, as nued, it is impossible to disentangle the
“surveillance effect” from the effect of implememgi specific prevention interventions, or quality
improvement initiatives recommended in guidelink3-21], either in response to, or unrelated to
reported SSI rates. However, to assess whethetl¢brease was solely caused by specific
interventions would entail analysing each individuaspital’'s experience and timing of interventions
Unfortunately, this could not be formally testeceda lack of individual hospital-level data, which
also precluded us from evaluating the effect ohgfes in the surveillance methodology of five

networks.

Second, by stratifying hospital data by year of/sillance, there is a possibility of an inverse
phenomenon to what occurs when data are preseptealdndar year; because smaller

hospitals/clinics or private institutes participfte fewer years, they may be increasingly

15



underrepresented with each subsequent year, letaoiganges in case-mix and possible artificial
increases in SSI rates. Residual confounding mépstur due to hospitals joining surveillance for
the first time at a later time point but by thempesed to a stronger culture of IPC practices due fo
example to intensified national efforts [22]. Altigh, these late joiners may contribute lower S&K ri
to the group designated as first or two years digipation, the random effects component of the
model would take into account unobserved heteratyenet related to surveillance effect. To further
mitigate this risk, we restricted the Poisson asialjo the 98 percentile of the overall, cumulative
sum of operations per year, and in these analysedjd not observe a negative change in risk
reduction over the years. This 10% tail is likedyiriclude mostly larger hospitals and tertiary nefe
centres with higher levels of case mix and surgeioirsg higher volume of surgery. Higher volumes

and frequent exposure to complex surgery may heceded with lower adverse outcomes [23].

Third, we acknowledge that networks operate diffdye for example regarding the definition
of SSI or procedure, the collection of post-disgessurveillance data, implementation of mandatory
surveillance with publicly reportable figures, ingity of national policies to reduce HAI or the
background characteristics of patients under sliawee [24]. Although this precludes inter-network
comparisons, we do not believe this hinders oulyaisa as each network acts as its own control, and

random effects Poisson analysis took intra-clusberelation into account.

Finally, the external validity of the presentedutesis limited for two reasons. We obtained
no data from low- and middle-income countries, aittrecause surveillance networks collecting
incidence-based data do not exist, or becausentbey unable to provide these data. Also, we have
not collected data from hospitals that perform sillance outside of networks; however, there is no

reason to assume that the observed effect woulliffleeent.

To the best of our knowledge, this is the firstdgtmaking use of the strength of numbers, by
looking at trends in SSI rates among multiple sillarece networks. In addition, we eliminated
confounding by hospital-mix over surveillance yeaysstratifying SSI rates per year since start of

participation, instead of calendar year. Finallg, applied random-effects models to take into accoun

16



intra-network baseline SSI rates. Our study’s filggi are important as they provide insight as to
optimal timing of evaluation of the impact of quglimprovement, notably that it should not be
performed earlier than 2 years. Also, it providestemporary data with which other networks can

benchmark.

In conclusion, this study demonstrates that SBlesilance is associated with decreased SSI
rates, across major procedure categories, andsacnasiple networks. This warrants investment in
SSI surveillance activities for those healthcantlifees not yet participating in any SSI surverlte
network, although cost-benefit ratios and the impatow, and middle-income countries remains to

be determined.
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Figurelegends

Figure 1. Yearly pooled surgical site infection (SSI) ratéas (RR) for all (A) and risk-stratified
procedures NNIS-0 (B), NNIS-1 (C), NNIS-2 (D), aNiIIS-3 (E), with hospitals’ first year of

participation in surveillance as reference, 95%&ed on random effects Poisson regression models.

Figure 2. Yearly procedure-specific surgical site infecti®B() crude rate ratios (RR) with year 1 as

reference, 95% CI based on random effects Poiggpession models.
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