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Summary

Background: Hospital volume is known to have a direct impacbaitcomes of major
surgeries. However, it is unclear if the evidengplias specifically to surgical site infections.
Aims: To determine if there are procedure-specific hasputliers (with higher surgical site
infection rates [SSIR]) for four major surgical pealures, and to examine if hospital volume
is associated with SSIR in the context of outlierfprmance in New South Wales (NSW),
Australia.

Methods: Adults who underwent one of four surgical procedyeolorectal, joint
replacement, spinal and cardiac procedures) atd N&althcare facility from 2002 through
2013 were includedrhe hospital volume for each of the four surgicalgedures was
categorised into tertiles (low, medium and highyultwariable logistic regression models
were built to estimate the expected SSIR for emohgulure. The expected SSIR were used to
compute an indirect standardised SSIR which was phatted in funnel plots to identify
hospital outliers.

Findings: One hospital was identified to be an overall ent{higher SSIR for 3 out of the 4
procedures performed in its facilities); whereas twspitals were outliers for one specific
procedure throughout the entire study period. Laltmne facilities performed the best for
colorectal surgery and worst for joint replacenmamd cardiac surgery. One high-volume
facility was an outlier for spinal surgery.

Conclusions: Surgical site infections seem to be mostly a pracedpecific as opposed to a
hospital-specific phenomenon in NSW. The associdietween hospital volume and SSIRs

differs for different surgical procedures.
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I ntroduction

On a given day, as many as 1 in 25 admitted patieed a healthcare associated
infection” and over 5.8% of infected patients will die agsuit?> Hence, healthcare-
associated infections have a huge impact on thaesfty of healthcare systems and are a
major source of anxiety among patieh&stimates of incidence in the USA vary from
721,000 to 1.7 million infections occurring annyafland recently an estimate of over
300,000 infections was reported in the K.

Surgical-site infections along with pneumonia @ most common types of
healthcare-associated infections, each of themuatitwy for over 20% of all infections
occurring in the hospitalsThese infections impose a significant burden diepts and
healthcare systems by increasing the hospital heoigstay, admissions to intensive care
units (ICU), readmissions to operating theatrex oif other peri-operative complications and
risk of mortality® The resulting costs to the health system of satgite infection are often
underestimated. A recent study in Australia amaatgepts that underwent total hip
arthroplasty has shown the cost of managementrgical site infections to be up to an order
of magnitude greater than the cost of the primaogedure’. Despite improved surgical
practices and in-hospital surveillance systemgyisalr site infections remain a common
problem worldwide.

While little research has been conducted to detegmihether surgical site infections
are a hospital-specific or a procedure-specificypigenon, the mechanism behind volume-
outcome relationships might have some face valittitg more you do the better you do’.
During the past decades, a large number of stindies documented that higher hospital
volumes are associated with better outcomes f@iclrprocedures (e.g. cardiac surgeries,
total knee and hip arthroplasty, and cancer swegpgii There are also some studies that

have investigated the association between hosmtame and patient outcomes after a



surgical procedure in Australfd™However, even with documented volume-outcome
relationships for surgical outcomes, it is unknafuhe evidence applies specifically to
surgical site infections.

We sought to determine whether surgical site tidas are a hospital-specific or
procedure-specific phenomenon and the extent ditohbspital performance. In addition,
we investigate whether higher hospital volume samted with lower surgical site infection
rates (SSIR) in the context of outlier hospitalfpenance. We evaluate the SSIR for four
major surgical procedures conducted in New SoutleBdNSW), Australia over a 12-year

period.



Methods

Data source and study population

The NSW Admitted Patient Data Collection (APDCadministered by the NSW
Health Department and contains data on all admg#igént services provided by Public
Hospitals, Public Psychiatric Hospitals, Multi Posp Services, Private Hospitals and Private
Day Procedure Centres in NSW. Data contained witignAPDC include patient
demographics, admission and in-hospital diagnasedjcal and surgical procedures, length
of stay, in-hospital mortality and discharge staiftse APDC data provides reasonably
accurate information on procedures and comorbitié® A detailed description of the
APDC scope, collection methodology, maintenancedatd accuracy is described
elsewheré? The study was approved by the Australian Natitmbersity-Science &
Medical Delegated Ethics Review Committee (#2016)@%d conforms to the data-use
agreement for the APDC from the NSW Health Depantme

The study population consisted of a subset oAIRBC dataset. De-identified data
from adult (18 years or older) patients that undamcolorectal (i.e. incision, resection or
anastomosis of the large intestine), joint replameingi.e. arthroplasty of knee and hip),
spinal (i.e. laminectomy and spinal fusion) or cacdi.e. open chest procedure on the valves
or septum or coronary artery bypass graft) proaslim a public hospital betweefi January
2002 and 31 December 2013 were included in the analyses. &leetion of these four
groups of surgical procedures was to investigagartfection rates and associated factors in
1) contaminated surgeries (colorectal), 2) cleagesies with device/prosthetic implantation
(joint replacement, spinal fusion and cardiac), @hdlean surgeries without
device/prosthetic implantation (laminectomy). Theetnational Classification of Diseases,
Tenth Revision, Australian Modification (ICD-10-AMpdes used for patient identification

for each surgical procedure are listed in the sipphtary material (S1).



Variable definition

For each admission, the relevant variables wemaebed (or computed based on the
extracted data) and included 1) patient charatiesisex, age at the time of admission,
comorbidities (extracted from the diagnostic codsiag Quan’s algorithrff’ type of
admission (planned/scheduled admission or emergetate of admission, date of discharge,
date of the procedure, ICU admission and in-hokgéath; and 2) hospital where the patient
was admitted.

The annual volume in the public hospitals weregatsed into tertiles (low, medium
and high) for each of the four surgical procedukg$y-nine hospitals performed colorectal
procedures; low-volume hospitals (n=20) performé8 g&nnual procedures, mid-volume
hospitals (n=20) performed 45-115 procedures whdé-volume hospitals (n=19)
performed >115 procedures. Forty-nine hospitalfop@ed joint replacement surgeries; low-
volume hospitals (n=17) performed <140 procedured;volume hospitals (n=16)
performed 140-250 procedures, and high-volume talsgin=16) performed >250
procedures. Twenty-eight hospitals performed s@uogjeries, low-volume hospitals (n=10)
performed <370 procedures, mid-volume hospital®)performed 370-510 procedures and
high-volume hospitals (n=9) performed >510 procedu€Cardiac surgery was performed in
8 hospitals and low-volume hospitals (n=3) perfalm870 procedures, mid-volume
hospitals (n=3) performed 370-510 procedures, agit-Volume hospitals (n=2) performed
>510 procedures. Thus, hospital volume was spdaifieach procedure (e.g. a hospital that
performs 3 different types of surgical procedurasid be categorised as high-volume for
colorectal procedure, but as low- or medium-voldorecardiac and spinal procedures). The
outcome of interest was post-surgical, in-hositiction, which was extracted from the

diagnostic codes as infection following a procedi@®-10-AM T81.4) and infection due to



prosthetic device, implants and grafts (ICD-10-ABZT6-T82.7, T83.5-T83.6, T84.5-T84.7,

T85.7).

Satistical analyses

Hospital outliers (with higher SSIR) were identifiasing funnel plots for comparing
institutional performance. SSIR were risk adjustedccount for the varying patients’
characteristics (sex, age, comorbidity, type of @diman, year of admission, an interaction
term between ICU admission and in-hospital deatl)specific hospital volume for each
surgical procedure. The selection of covariates pegrmed using a stepwise forward
selection method with the Akaike information criber (AIC) as the selection criterion. These
factors were used to predict expected SSIR utdizire predicted probability from a
multivariable logistic regression model. A mixedeets logistic regression with a random
effect for each facility (random intercepts modeds initially run. This model provided
similar results to the logistic regression modehwio control for within-cluster error
correlation but with cluster-robust standard erastded post-estimation (facility as the
cluster); we therefore use this model in our anslyEhe expected infections predicted
through the model were used to compute the starsgarthfection ratio from which an
indirectly adjusted infection rate was computeddach facility. The risk-adjusted SSIR in
relation to facility volume were depicted in funmdbts with the 99% confidence intervals
around the overall expected infection rate, holputéth expected infection rates outside the
confidence intervals were considered outliers. fEBneporal trend of SSIR for each of the
four surgical procedures between 2002 and 2013awalysed using the chi-square statistic
for the trend. All data management and statisaoalyses were conducted using SAS EG,
version 6.1 (SAS Institute, Inc.; Cary, NC) andt&&aSE, version 14 (Stata Corporation;

College Station, TX).



Results

The characteristics of patients included in the\gtoy surgical procedure and surgical
site infection are reported in Table |. There wa8e096 colorectal, 113,123 joint
replacement, 26,694 spinal and 39,274 cardiacsalrgrocedures conducted in NSW from
2002 to 2013. The number of colorectal surgerigsareed consistent during the study period
but the number of joint replacement and spinal etieg increased by 41% and 49%. On the
other hand, the number of cardiac surgeries desddag 15% from 2002 to 2013. The
overall occurrence of surgical site infection wa496 (95%CI 9.40-9.88%), 3.33% (95%ClI
3.23-3.44%), 2.33% (95%CI 2.15-2.52%) and 5.66%0(0b5.43-5.89%) for colorectal,
joint replacement, spinal and cardiac surgery,agetyely. The SSIR remained stable
throughout the study period for colorectal surggfjl] = 0.99, p-value = 0.321), while it
decreased slightly after joint replacemegifl] = 14.96, p-value < 0.001), spinaffl] =
9.44, p-value = 0.002) and cardigg{{] = 10.64, p-value = 0.001) surgical procedures

(Figure 1).

Hospital versus procedure and outlier hospitals

Colorectal surgeries were performed in 59 hospijaist replacement surgeries in 49
hospitals, spinal surgeries in 28 hospitals andiaarsurgeries in 8 hospitals across NSW
(S2). When risk-adjusted SSRI were examined, lowwe hospital performed better for
colorectal and spinal surgeries, while they pertirthe worst for joint replacement and
cardiac surgeries (Table 2). One hospital (F17)clwperforms all four types of surgeries
was found to be an outlier for three of the procedicolorectal, joint replacement and
cardiac), no other facility was found to be an ieutlor two or more procedures (Figure 2).

When the risk-adjusted funnel plots were examinegdyiods (2002—2005, 2006—

2009, 2010-2013), two facilities (F25 and F13) wierend to be outliers for joint



replacement and spinal surgeries, respectivelytirout the entire study period (S3-S5). In
addition, between 2002—-2005, one facility (F17) aa®utlier for joint replacement and
cardiac surgeries; while between 2006-2013 it wasudlier for joint replacement and

colorectal surgery (but no longer for cardiac stype

Volume-outcome relationship in a context of outlier performance

The risk-adjusted funnel plots depict that the itasputliers (with higher SSIR rates)
were one high-volume and one mid-volume facility dolorectal surgery; while those that
performed the best were low-volume facilities. feant replacement, the outliers were all
low-volume facilities except for one mid-volume ifldg. For cardiac surgery, the outlier was
a low-volume facility and for spinal surgery thetlar was a high-volume facility (Figure 2).
The results related to joint replacements wereigoefl in the risk-adjusted funnel plot
analyses conducted by time periods. All outlierstighout the study period for joint
replacement were low-volume facilities. For all@tiprocedures, the association of volume

with surgical site infection was not consistent lmited by statistical power (S3-S5).



Discussion

In this all-inclusive analysis of 12-years of d&atam the most populous state in
Australia (population 7.5 million), we found littesidence for a hospital effect on infections.
A solitary outlier (high SSIR) was found for threergical procedures, but even that was not
consistent. Hence, it is unlikely that some hos$pipecific deficiencies in the disinfection
and sterilisation techniques of the surgical instuats, operation theatres, or surgical wards
are responsible for surgical site infectiGhstherwise all procedures performed in a
particular hospital would have been flagged asenstl We identified three hospitals (F25
and F17 for joint replacement and F13 for spinagisty) that were procedure-specific
outliers throughout the entire period, which shdudtp plan quality improvement
interventions at a procedure level.

In terms of hospital volume, we found that infentrates post colorectal surgery were
lower in low-volume facilities. This contrasts witbports suggesting that patients having
colorectal surgery at high-volume hospitals araificantly more likely to recover and return
home after surgery than individuals having opersatiat low-volume hospitafé.One
possible explanation for this phenomenon is thaepts with colon cancer undergo less
complicated surgical resections and less urgegesyiin low- compared to high-volume
hospitals” There is certainly opportunity for learning andtutedge sharing in this area
where the highest number of infections occur igsty. Prophylaxis for infections has been
rapidly changing for colorectal surgery in favotiioocal versus parenteral antibiotic
prophylaxi$* and it is possible that hospitals that adopt tipedieies faster might perform
much better.

Our findings for joint replacement surgery aremuped by recent studies that
suggest that patients who underwent these procedurespitals with mid and high surgical

volume had lower risk of infection than those teekih the hospitals with the lowest surgical
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volume®?°In fact, in NSW the hospital that performed thsthgositive outlier) for joint
replacement was the highest volume hospital irsthte; while all the outliers with higher
SSIR were all low-volume facilities.

Only one facility outlier was identified for spinsurgery and it was a high-volume
facility; this is in contrast to reports of loweontality and complication rates by high-
volume surgeons and hospitaf$ne reason for this discrepancy might be relaietie
evidence that in spinal surgery, surgeon volunmase important than hospital volume for
infections; thus even the highest volume hospitafs sometimes be outliers for infectidfis.

One low-volume hospital for cardiac surgery wasbto be an outlier, and, this
hospital was also an outlier for colorectal (higiime) and joint replacement (low-volume)
surgery. However, for spinal surgery this partichlaspital was a mid-volume facility and
performed well. Hence, even in this instance thepktal versus procedure effect is not
completely clear.

We acknowledge that the study had some limitatibirst, in Australia it is well
documented that there is a disparity in health sscead health outcomes in remote areas;
given that the hospital name and their geographacaition were masked, SSIR adjustment
for the geographic remoteness of the hospitalsr(iagor cities, inner regional, outer regional,
remote or very remote) was not done. In additioljystments for some patients’
comorbidities known to impact SSIRs (i.e. cognitingairment, frailty syndrome) and
differences in clinical practices (i.e. surgeonbigger hospitals performing technically more
difficult procedures) were not possible. Additidgathe administrative dataset used in this
analysis does not contain many details of diseagergy (e.g. cancer stage or heart failure
class). Therefore, ICU admission and in-hospitaftality were used as surrogate measures
of illness severity. We acknowledge that ICU adimissnd in-hospital mortality are

impacted by both illness severity and quality akcahus there is a potential for some degree
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of masking of the relationship between infectiotesaand hospital volume given that the
latter is a potential marker of quality of carendlly, surgeon volume was not possible to
study in our database and we cannot elucidate whatispital or surgeon volume is more
relevant for surgical site infections in NSW*® However, it has not yet been specifically
validated for surgical infections, so it may havelerestimated the actual SSIRs in NSW.
In conclusion, surgical site infections seem to be mostly a @doice specific
phenomenon in NSW. The relationship between hdsmptame and SSIRs differs for
different surgical procedures. Our methods areiegiple to other countries and states
developing quality improvement efforts in surgenglave do hope that this study stimulates

further research in this area.
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Table 1. Patient and hospital characteristics by surgicatgdure

Colorectal Joint replacement Spinal Cardiac
Surgical site No infection Surgical site No infection Surgical site No infection Surgical site No infection
infection (n=52,496) infection (n=109,353) infection (n=26,072) infection (n=37,051)
(n=5,600) (n=3,770) (n=622) (n=2,223)
Female sex (%) 2,391 (42.7) 25,748 (49.1) 1,920)50 66,891 (61.2) 258 (41.5) 12,731 (48.8) 6125p7. 10,425 (28.1)
Age in years, mean (SD) 65.4 (14.9) 65.2 (15.7) .8711.8) 71.8 (11.5) 57.9 (17.7) 56.4 (16.6) q1538) 65.5 (12.2)
Comorbidities

Congestive heart failure (%) 262 (4.7) 1,184 (2.3) 141 (3.7) 1,898 (1.7) 22 (3.5) 142 (0.5) 750 (33.7 9,589 (25.9)

Peripheral vascular disease 243 (4.3) 1,258 (2.4) 52 (1.4) 858 (0.8) 16 (2.6) 9510.8) 275 (12.4) 2,688 (7.3)

(%)

Hypertension (%) 1,452 (25.9) 9,641 (18.4) 90914 20,801 (19.0) 165 (26.5) 3,709 (14.2) 1,4544%5 22,954 (62.0)

Diabetes (%) 857 (15.3) 5,873 (11.2) 544 (14.4) ,892 (11.8) 97 (15.6) 2,528 (9.7) 849 (38.2) 10,Q177.6)

Obesity (%) 224 (4.0) 767 (1.5) 145 (3.9) 2,08@)1 22 (3.5) 316 (1.2) 202 (9.1) 1,916 (5.2)

Renal disease (%) 428 (7.6) 1,871 (3.6) 262 (7.0) 3,357 (3.1) 28 (4.5) 343 (1.3) 402 (18.1) 3,268)8.

Liver disease (%) 155 (2.8) 818 (1.6) 85 (2.3) 428) 13 (2.1) 151 (0.6) 78 (3.5) 431 (1.2)

Chronic pulmonary disease 440 (7.9) 2,420 (4.6) 235 (6.2) 4,265 (3.9) 24)3.9 828 (3.2) 243 (10.9) 2,550 (6.9)

(%)

Malignancy (%) 2,890 (51.6) 29.051 (55.3) 70 (1.9) 1,483 (1.4) 79 (12.7) 1,117 (4.3) 46 (2.1) 370)1.
Planned/scheduled admission (%) 2,868 (51.2) 34a51) 2,330 (61.8) 84,902 (77.7) 268 (43.1) 19,7.9) 1,008 (45.3) 21,567 (58.2)
ICU admission (%) 2,645 (47.2) 10,643 (20.3) 4181) 3,519 (3.2) 226 (36.3) 2,008 (7.7) 2,034 (p1.5 33,399 (90.1)
Inpatient death (%) 430 (7.7) 1,996 (3.8) 96 (2.6) 1,129 (1.0) 18 (2.9) 112 (0.4) 185 (8.3) 1,02@)2.
Hospital volume

Low volume (%) 329 (5.9) 4,302 (8.2) 541 (14.4) 4B (10.4) 7(1.1) 553 (2.1) 476 (21.4) 6,9457)8.

Mid volume (%) 1,157 (20.7) 12,311 (25.5) 1,098.09 31,856 (29.2) 82 (13.2) 4,335 (16.6) 737 (83.2 13,025 (35.2)

High volume (%) 4,114 (73.4) 35,883 (68.3) 2,188.7) 66,084 (60.4) 533 (85.7) 21,184 (81.3) 1,0104) 17,081 (46.1)

SD standard deviation
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Table 2. Risk-adjusted surgical site infection rates perdl@@missions by surgical procedure

Colorectal Joint Spinal Cardiac
replacement
Low-volume 91.7 49.7 12.5 64.0
Mid-volume 96.8 25.7 18.5 53.6
High-volume 96.7 31.3 24.5 55.8
Overall 96.4 31.6 23.3 56.6
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Figure 1. Number of surgeries and surgical site infectiondsefor A) colorectal, B) joint

replacement, C) spinal and D) cardiac surgeries.

Figure 2. Funnel plots for risk adjusted surgical site ati@n and hospital volume for A)
colorectal, B) joint replacement, C) spinal andcAjdiac surgery. Hospital outliers are

represented by a red (high surgical site infectarg green (low surgical site infection)
circle, a generated hospital ID is display followsdthe number of surgical procedures

performed in that hospital.
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