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Preface
This paper is a Master Thesis in Public Health Science, delivered within department of Chemistry,
Biotechnology and Food Science, at the Norwegian University of Life Sciences (NMBU).



Sammendrag av artikkel
Denne masteroppgaven ble skrevet som en artikkel med en kappe som danner grunnlaget for

artikkelen, kappen inkluderer en utvidet teoribakgrunn og diskusjon.

Introduksjon: Infeksjon i operasjonsomradet (POSI) er blant de hyppigste helsetjenesteassosierte
infeksjoner (HAI), en vanlig komplikasjon og ugnsket hendelse etter hofteprotese, og en velkjent
kvalitetsindikator i sykehus. Flere pasient-, prosedyre- og sykehusrelaterte faktorer, som kirurgisk
volum, kan pavirke risikoen for a utvikle en infeksjon i operasjonsomradet (SSI) etter primeer total
hofteproteseinngrep (THA).

Mal: Undersgke sammenhengen mellom kirurgisk volum og risiko for SSI etter THA.

Design: Deskriptiv kohort-studie, basert pa prospektive nasjonale overvakingsdata

Metode: Vi brukte overvakingsdata for THA fra Norsk overvakingssystem for antibiotikabruk og
helsetjeneste-assosierte infeksjoner (NOIS), for perioden 1. september 2012 til 30. april 2016.
Multivariat og multilevel analyse estimerte mulige sammenhenger mellom bade sykehusvolum og
andre variabler, og risiko for infeksjoner i operasjonsomradet etter THA. Den justerte Odd ratio
(OR) ble beregnet for sykehusvolum for THA prosedyrer, stratifisert i tre sykehusvolumgrupper:
<150, 150-299, >300.

Resultat: Totalt ble det inkludert 29746 THA fra 53 private og offentlige sykehus. Vi fant en
nesten statistisk signifikant sammenheng mellom et arlig sykehusvolum pa 150 til 299 THA og en
lavere risiko for dype infeksjoner i operasjonsomradet.

Konklusjon: Kirurgisk volum i seg selv kan antagelig ikke beskrive kvalitet og pasientsikkerhet
eller forutsi kirurgiske utfall som SSI etter THA. Kirurgisk volum kan, som en indikator for
ugnskede hendelser og en «proxy» malingsenhet for andre risikofaktorer, muligens bidra til &
identifisere forbedringsomrader.

Ngkkelord: Sykehusvolum, hofteprotese, infeksjoner i operasjonsomradet, infeksjonskontroll



Summary of Article
This master thesis is written as a journal article with a “kappe” (Norwegian concept) as a basis.
The “kappe” includes more detailed explanations, an expanded background theory and discussion

of the article’s findings.

Introduction: Surgical site infection (SSI) is among the most frequent healthcare- associated
infections (HAIs) worldwide, and a well-known indicator of quality and safety in hospitals.
Several patient-, procedure- and hospital related factors may be of importance to the association
between surgical volume and SSI after primary total hip arthroplasty (THA).

Objective: Examine any association between hospital volume and the risk of SSI after THA.
Design: Descriptive cohort-study based on prospective national surveillance data.

Methods: We used surveillance data for THA procedures from the Norwegian Surveillance
System for Antibiotic Consumption and Healthcare-associated Infections (NOIS), for the period of
September 1% 2012 to April 30™ 2016. Multivariate and multilevel analysis estimated any
associations between both hospital volume and other co-variables, and the risk of SSls after THA.
The adjusted Odd ratio (OR) was estimated for the hospital volume of THA procedures, stratified
in three hospital volume groups: <150, 150 to 299, >300.

Results: A total of 29746 THA procedures were included from 53 hospitals. We found a
borderline significant association between an annual hospital volume of 150 to 299 THA
procedures and a lower risk of deep SSI.

Conclusions: Hospital volume in itself can presumably not describe quality and patient safety or
predict surgical outcomes such as SSI after THA procedure. As an indicator for adverse events
and a proxy measure for other risk factors, hospital volume may help to identify areas of
improvement.

Key words: Hospital volume, hip arthroplasty, hip replacement, surgical site infection, infection

control.
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1. Introduction

Total hip arthroplasty (THA) is a common procedure worldwide, known to improve the patient’s
quality of life, relieve pain and improve function and mobility (1-4). It is also a surgical procedure
with a risk of adverse events like surgical site infections (SSIs), that can lead to serious
consequences for the patient and the health care personnel, and increased socioeconomic cost (1,
5-7). About 8000 THAs were performed in Norwegian hospitals in 2015. Norway’s population is
getting older and more likely to experience a hip fracture or the need to replace a worn hip by
THA (5, 8, 9).

SSlI is among the top three most frequent healthcare-associated infections (HAIs) and an indicator
of quality and safety in hospitals (6, 10, 11). SSI remains one of the most common and serious
adverse events after hip arthroplasty (12, 13), and effective infection control is one of several

initiatives for preventing SSls and promote public health (8, 14-16).

Factors which may influence the risk of SSI is the experience of the surgeon and the quality and
organization of hospital services, and both surgeon and hospital volume are seen as proxy
measures for other factors that may influence the outcome in surgical care (17-19).

Research about the hospital volume-outcome association has been of interest since the 1980’s and
is of growing interest for health providers, patients and politicians (17). The hospital volume-
outcome association has been studied with varied results, and some studies show an association
while others do no (11, 17-24). Both hospital and surgeon volume are of interest in this study, as
they are both suggested to be good indicators for adverse events and associated with risk of SSI
after THA (18, 19, 23) . We made an effort to include surgeon volume, but for several reasons we
only have data for hospital volume. Many factors may explain the association between hospital
volume and risk of SSI after THA.

As there is a lack of data for quality in health care processes, it is suggested that adjusted outcome
data in clinical care is the best way to measure the quality of care (17). This requires access to
comparable and quality assured data (6, 17). In this study we use national surveillance data for
SSls after THA from the Norwegian Surveillance System for Antibiotic Consumption and

Healthcare —associated Infections (NOIS, Norwegian acronym) (10).



The objective of this study is to investigate if hospital volume of primary THA is associated with

the risk of SSI, in order to identify potential areas of improvement.

In the background chapter we describe briefly a Volume-Outcome Relationship model and a
framework for Quality and Patient Safety, hip arthroplasty, SSI definitions, and pathogenesis,
diagnostics, microbiology and risk factors for SSls, and infection control and management of
SSls.

2. Background

2.1 Quality, Patient Safety and the Volume- Outcome Association

Charles Vincent defines quality of care in light of the World Health Organization’s (WHO)
definition of effective health coverage, expressing a diversity of clinical, economic, political and
other factors. He then defines quality of care as “the proportion of potential health gain actually
delivered by healthcare organizations for its sets of patient, where the quality reflects the gap

between what can be achieved and what actually happens” (25) .

Adverse event is the most ordinary term of harm in patient safety. Patient safety is defined by
Vincent as “the avoidance, prevention and amelioration of adverse outcomes or injuries stemming

from the process of healthcare” (25). Vincent defines adverse events as:

An unintended injury caused by medical management rather than by the disease
process and which is sufficiently serious to lead to prolongation of hospitalisation or
to temporary or permanent impairment or disability to the patient at time of discharge
or both, (25).

A large proportion of adverse events are related to surgery, where SSIs are the second largest
group (6), and one of the most common adverse events and serious complications after hip
arthroplasty (12). The report “Crossing the Quality Chasm” specifies safety as one of six aims of
quality improvements in healthcare, where safety is presented as a system property (26). In order
to interpret and compare findings and studies, it is important to be able to compare results and
adverse event (6, 17).
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In this study hospital volume is defined as the number of primary THA procedures performed at
each hospital. Hospital volume can reflect the hospitals collective experience with a procedure to
maintain a good quality of treatment (27). Surgeon volume may describe the amount of procedures
performed by each surgeon in the hospitals, and may say something about the experience needed
to offer an adequate quality of treatment (27). Hospital and surgeon volume are suggested as the
best indicators for adverse events after THA, and as such, for quality and patient safety, and may
also be seen as proxy measures for other risk factors that may influence the outcome in surgical
care (17-19). Several studies have examined the hospital volume—outcome association with
various results (5, 17, 19, 20, 23, 24, 28).

The Norwegian Health- and Hospital Plan (2016-2019) recommends that both hospital and
surgeon volume must show an adequate number of procedures (8). Different literature suggests
that surgeons should operate at least 20-50 joint replacements per year (21, 24, 29), or perform 25-
30 of the same surgical procedures (9, 30, 31). A Danish report recommends a minimum annual
surgeon volume of 70 — 100 procedures within each surgical specialty, with units of at least three

specialists within each specific surgical procedure, to ensure quality (31).

Hewitt’s model, called “Interpreting the Volume-Outcome Relationship in the Context of Health
care Quality”, visualizes several factors that may influence any association between volume and

outcome in the specific processes of care (17)

Physician
skill
/
Patient Severity/ Specific | | Skills of]
selection|"|comorbidityr~ processes| | other | _|Outcomes
of care | Klinicians
\
Hospital or
organizational
“skill”

Figure 1: Conceptual Framework: How Could VVolume Affect Quality (17)?

Vincent, Taylor-Adams and Stanhope’s “Framework for Analysing Risk and Safety in Clinical

Medicine” lists various factor types that may be essential for risk and safety assessment in clinical

11



care; “the patient, task and technology, individual (staff), team, work environment, organizational

and management, and institutional context factors” (6, 32, 33).

2.2 Hip Arthroplasty

Primary hip arthroplasty, also called hip replacement, refers to the first time of replacing damaged
parts or the whole hip joint by a prosthesis. This surgery is performed for achieving mobility and
ease of pain, often caused by osteoarthritis, inflammatory joint disease, fractures, sequelae after
hip fracture, septic femoral head necrosis or sequelae after childhood hip disease (Figure 1) (1).

Hip replacement is performed both as THA and hemiarthroplasty (HA).

Hip Replacement

¥ A ﬁ Hemiarthroplasty . . ﬁ Touttp
L D | Hip \

Femoral Head (Ball)

Figure 2: Hemiarthroplasty (HA) versus Total Hip Arthroplasty (34).

THA surgery removes and replaces both the femoral part of the hip joint and the acetabular
cartilage, whereas hemiarthroplasty only remove and replace the femoral part by a prosthesis (1).

2.3 Surgical Site Infection

SSIis a common adverse events and a serious complication after hip arthroplasty, along with
instability, aseptic loosening, peri-prosthetic fracture and sometimes death (12, 13, 35). Most SSls
are detected after discharge, within 90 days after surgery (36-38).

Deep SSI (i.e. deep incisional and organ/space) and superficial SSI may give different

consequences and require different treatment, with a range from superficial wound care to revision

surgery and also removal of the implant (1).
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The costs of treating patients with SSlIs after hip arthroplasty are divided between readmission to
hospital, reoperation, and prolonged hospital stay (7, 13), where deep SSI are most costly (7, 13).
A cost analysis of Norwegian data finds that superficial SSls give 2.8 longer hospital stay and
costs NOK 20.352, whereas the overall cost for deep SSI is NOK 407.487 (7). SSI also causes

more use of antibiotics and the need for rehabilitation (13).
The Norwegian patient safety program “In Safe Hands 24-7, strategy 2014 — 2018 (39) aims to
reduce the proportion of deep SSIs among all THA by 25 %. Quality improvement, efficiency and

competence for achieving patient safety are of high priority in health care politics (8).

2.3.1 Definition Criteria of SSI

Skin .
Superficial

4 Incisional
SSI

Subcutaneous
Tissue T

Deep Soft Tissue _|
(fascia & muscle)

SSli

’_f\:{
D T Organ/Space
™ ssi

Figure 3: Schematic of SSI Anatomy and Appropriate Classification (40).

Organ/Space -

ECDC’s SSI definitions are based on previously established definitions by the Centers for Disease
Control and Prevention (CDC, USA) (41).

Definitions of SSls (40-42)

Superficial incisional

Infection occurs within 30 days after the operation and infection involves only

skin and subcutaneous tissue of the incision and at least one of the following:

- Purulent drainage with or without laboratory confirmation, from the
superficial incision.

- Organisms isolated from an aseptically obtained culture of fluid or tissue

from the superficial incision.

13



- Atleast one of the following signs or symptoms of infection: pain or
tenderness, localized swelling, redness, or heat, and superficial incision is
deliberately opened by surgeon, unless incision is culture-negative.

- Diagnosis of superficial incisional SSI made by a surgeon or attending
physician.

Deep incisional

Infection occurs within 30 days after the operation if no implant is left in place or

within one year if implant is in place and the infection appears to be related to

the operation and infection involves deep soft tissue (e.g. fascia, muscle) of the
incision and at least one of the following:

- Purulent drainage from the deep incision but not from the organ/space
component of the surgical site.

- Adeep incision spontaneously dehisces or is deliberately opened by a
surgeon when the patient has at least one of the following signs or symptoms:
fever (>38°C), localized pain or tenderness, unless incision is culture-
negative.

- An abscess or other evidence of infection involving the deep incision is found
on direct examination, during reoperation, or by histopathologic or
radiologic examination.

- Diagnosis of deep incisional SSI made by a surgeon or attending physician.

Organ/Space

Infection occurs within 30 days after the operation if no implant is left in place or

within one year if implant is in place and the infection appears to be related to

the operation and infection involves any part of the anatomy (e.g. organs and

spaces) other than the incision which was opened or manipulated during an

operation AND at least one of the following:

- Purulent drainage from a drain that is placed through a stab wound into the
organ/space.

- Organisms isolated from an aseptically obtained culture of fluid or tissue in
the organ/space.

- An abscess or other evidence of infection involving the organ/space that is
found on direct examination, during reoperation, or by histopathologic or
radiologic examination.

- Diagnosis of organ/space SSI made by a surgeon or attending physician.

14



2.3.2 Pathogenesis, Diagnostic and Microbiology of SSI

In spite of all risk factors, the most common cause of all kinds of infections is microbial
contamination in non-normal flora areas (43, 44). Microbial contamination and bacteria binding to
the surface of the foreign body is essential for a deep infection to occur in implant surgery (45).
Surgery with insertion of a foreign body generally contributes to a reduced infection defense and
low infective dose, and even low virulent microbes may cause an infection (45). Biofilm often
occurs and protects the microbes from the patient’s immune system and antimicrobials, which
makes the infection difficult to treat (45, 46).

Infections associated with hip arthroplasty are probably mainly acquired during surgery, especially
for early infections (show symptoms of SSI within 3 months after surgery) and delayed infections
(show symptoms of SSI between 3-24 months after surgery), whereas late infections (show
symptoms of SSI more than 24 months after surgery) seem to be haematogenous with respiratory
tract, skin, dental and urinary tract infections as the most common sources (5, 46-49). Superficial
SSls may cause or develop into a deep or organ/space SSI (47, 50, 51), showing the importance of
surveillance for both superficial and deep SSls (52). Superficial SSI is also seen as an expression
of postoperative treatment and wound care, rehabilitation stay and the patient’s own hygienic care
(36).

Clinical diagnostics are often based on symptoms and local findings in the surgical site area. Tests
and microbial diagnostics are essential for clinical diagnostics and treatment, where multiple

samples are necessary (49).

A study using data from the Norwegian Arthroplasty Register investigated bacterial findings after
revision of infected THASs in Norway (53). They found a distribution of microbes where 60 % of
the infected THAS were caused by staphylococci (i.e. Coagulase negative staphylococci (CoNS)
and Staphylococcus aureus (S. aureus)), 11 % by streptococci, 9 % by enterococci, 6 % by Gram-
negative bacteria, 4 % by other microbes, and 10 % were polymicrobial. CoNS were associated
with early, delayed and late infections, while S. aureus appeared mostly in early SSls (53). Most
commonly type of microbe causing SSI may be different for HA and THA, and it may also be
different for superficial and deep SSls after hip arthroplasty (54).

15



2.3.3 Patient-, Procedure- and Hospital- Related Risk Factors for SSI

Various conditions affecting the patient’s immune system, or associated with longer hospital stay
and complications, are likely to contribute to a higher risk of SSI after surgery (5). Comorbidities
are reflected by ASA (classification of physical status score developed by the American Society of
Anesthesiology (42, 55) and gives a picture of the patients overall health condition (5, 55). Socio-
economic factors such as in inadequate health literacy and hard life conditions are mentioned as
related to higher SSI risk (5). Colonization, especially with methicillin-resistant Staphylococcus
aureus (MRSA), or previous infections are shown to increase risk of SSI after orthopedic surgery

(5).

High age increases the risk of SSls, probably due to reduced immune system and comorbidities (5,
56) Acute surgery is also shown to increase the risk of SSls (1). Other patient related risk factors
like sex may be due to differences in microbial colonization of the skin, and different studies vary
in men or women having the highest risk (47, 56). Obesity is correlated to prolonged wound
drainage and is another indicator for high risk of SSI after THA (5, 54).

Several procedure related risk factors such as preoperative hair shaving, prolonged or short
duration of surgery and wounds classified at unclean probably influence the incidence of SSI after
orthopedic surgery (44, 54, 57). National Nosocomial Infections Surveillance (NNIS) is a
procedure specific SSI risk index system, and calculates the patient’s risk for acquiring SSI after
surgery, based on wound contamination class, duration of operation and ASA physical status score
(55). NNIS > 1 or 2 is found to be an independent factor for SSI (50, 58).

Prophylactic antimicrobial therapy is well known to decrease risk of SSls, and prosthesis
techniques involving hybrid fixation and cement without antibiotics are shown to increase the risk
of revision due to SSls (21, 47, 56, 59). Best practice in surgical technique is suggested to
influence the incidence of SSI, which includes preventing tissue trauma, poor hemostasis,
hypothermia and poor drainage (44). Saleh et al confirm an association between deep and
superficial SSls, where superficial SSI may be caused by postoperative hematoma and drainage
(47, 51). Postoperative management of the surgical wound (incision care) are also associated with
risk of SSI (44).
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Hospital related risk factors such as extended pre- and postoperative stay in hospital may be
related to a higher risk of SSI (58). Air quality in the operating room is mentioned as of
significance for SSI risk and is probably affected by ventilation system, traffic and colonized or
infected personnel (44). Surgeon and hospital volume are associated with risk of SSI after THA
(19, 23), as indicators for adverse events after hip arthroplasty (18) and proxy measures for other
risk factors that can affect outcomes such as SSls (11, 17, 19). In a study be Geubbels et al they
found no important association between hospital type and hospital size and the risk of SSI after
THA (20).

2.3.4 Infection Control and Management of SSI

Infection control is the basis of preventing HAIs like SSls, with the purpose of ensuring safe
surgery and quality in every aspect of surgical patient care (44). Healthcare institutions in Norway
are required to implement an infection control program (IKP - Norwegian acronym) (16). An IKP
includes guidelines for infection control to ensure quality and safe performance for both patients
and staff, and a surveillance system for HAIs. Infection surveillance is a key in infection control
for targeted improvement in quality and safety (16, 42, 60). The SENIC-study by Haley et al
described effective infection control, which include implemented infection surveillance with
active feedback to the surgeons, with preventive activities and policies in clinical care supervised

by infection control practitioners (61).

In a review, Zingg et al identified these factors for implementing effective infection control and

infection surveillance (62);

1) Organisation of infection control at hospital level, 2) ward occupancy and
workload, 3) materials, equipment and ergonomics, 4) use of guidelines, education
and training, 5) team-oriented and task-oriented education and training, 6)
standardization and audits, 7) prospective surveillance, feedback and networks, 8)
development og multimodal strategies and tools, 9) identification and engagement og

strategy champions, 10) creating a positive organizational culture.
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3. Objective

The aim of this study was to examine any association between hospital volume and the risk of
surgical site infections after primary total hip arthroplasty, in order to identify potential areas of

improvement.

4. Material and Methods

4.1 Data source

We used data from NOIS in this study (10, 42). Surveillance in NOIS has been continuous and
mandatory since September 1% 2012. NOIS data from five different surgical procedures are
submitted from 54 hospitals, both private and public, where THA procedure is one procedure (10,
63). Every four month, data are submitted to a national database at the Norwegian Institute of
Public Health (NIPH). National data are quality assured both with validation rules upon import
and manual checks. The following risk, background and outcome variables are collected through
NOIS; sex and age, dates of admission, surgery and discharge, type of arthroplasty, wound
contamination, preoperative antibiotic prophylaxis, elective or acute procedure, first SSI and last
follow up, type of SSI, reoperations or readmissions due to SSIs or other, and hospital affiliation
(10).

NOIS data is collected and quality checked in each hospital by surgeons and the infection control
practitioners (64). Data on SSI status is collected at hospital level at discharge, and by a patient
questionnaire within 30 days after surgery (10, 64). After discharge, SSls are confirmed by the
patient’s general practitioner or by hospital outpatient physicians. Since 2012, NOIS does not
follow up SSlIs beyond 30 days after surgery (37).

4.2 Study population

This study includes national surveillance data of patients undergoing primary THA surgery
between September 1% 2012 and April 30™ 2016 with NCSP* codes NFB20, NFB30 and NFB40.

1 NOMESCO Classification of surgical procedures
18



4.3 Outcome variable

The outcome of interest was physician confirmed SSI. All SSls are identified in accordance with
standardized European definitions of SSI following established definitions by the Centers for
Disease Control and Prevention (CDC) (10, 41, 42). We investigated two outcomes; deep SSls

(deep incisional and organ/space) and superficial SSls.

4.4 Hospital volume

Hospital volume is defined as the annual median number of primary THA procedures performed
in each hospital, and in this study primary THA is referred to as THA. Surgeon volume is defined
as the number of procedures performed by each surgeon in each hospital.

We used NOIS data to calculate a median annual hospital volume where we took into account
possible seasonal variations, missing data submission or cessation of THA procedure. For 2012
and 2016 was only data from four months available. We calculated therefore a median hospital
volume for those two years based on the complete year for each hospital. Regarding the cut offs
for hospital volume groups we did not find any recommendations in the literature. We made an
equal distribution of the number of THA procedures in each hospital volume group, to gain
statistical power. Cut offs were set for hospital volume groups at <150, 150-299 and >300
procedures. Our hospital volume data complies with Norwegian Patient Register (NPR -

Norwegian acronym).

4.5 Co-variables

All available risk variables in NOIS were considered for inclusion in the models. Following
patient and procedure related variables were included; age, sex, NNIS risk index score, antibiotic
prophylaxis, elective/acute surgery, fixation method, and preoperative length of stay (LOS).
Structural variables included were hospital type, health care region and hospital size (beds).

Hemiarthroplasty (HA) volume was included as a continuous variable.

Our data showed that more than 80 % of THA procedures are performed on patients older than 60
year and thus we selected these subgroups; 0-59, 60-69, 70-70 and 80+. Hospital type was
categorized in strata of primary, secondary, tertiary and specialized units by definitions from the

ECDC (42), corresponding with a national classification of hospitals by the Norwegian Directory
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of Health (Comparative data for specialist health services - SAMDATA) (65). Hospital size was
stratified by each hospital’s number of beds, set to the closest 100 beds, following the ECDC’s
definition of hospital size (42). Key data for effective hospital beds from SAMDATA 2008 and
2013 were used, with effective beds defined as the annually adjusted average number of available
beds (66, 67).

Data was quality assured and manually coded at the author’s best effort when it was not readily

available in the NOIS data, with reservation for any errors.

4.6 Data analysis

We performed separate analyses for superficial and deep SSls by hospital THA volume group.
Bivariate analysis was used to describe characteristics of hospitals, patients and procedure
variables by hospital THA volume group. We calculated crude and adjusted odd ratio (OR), with
95 % confidence interval (Cl) and p>0.05 as the statistical threshold, using logistic regression. The

lowest volume group was set as reference in all analyses.

To model the variations between hospitals, we used multilevel logistic regression with two levels
(procedure and hospital) in the final multilevel analysis. All co-variables were included in the final
model. All analyses were performed using STATA/SE statistical software package version 14.0
for Windows (StataCorp LP).

4.7 Ethics

Consent for using de - identified NOIS data in this study was granted by the Data Protection
Official at NIPH (68). NOIS is a national health registry with anonymous data, and is governed by

a separate NOIS registry regulation and does not require patient consent (68).

5. Results

Altogether, 29746 THA procedures from 53 hospitals were included in this study. Median number
of primary THA procedures in Norwegian hospitals for the period of September 1st 2012 and
April 30th 2016 are 128.
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As shown in table 1 the surgical volume by number of hospitals is stable over the years. A range
of 47-50 hospitals delivered data to NOIS during the study period, with an annual total of
approximately 8000 THA procedures.

Table 1 Number of participating hospitals (primary total hip arthroplasty procedures) reported in Norway
between September 1st 2012 and April 30th 2016

Annual hospital volume

Year Total <150 150-299 >300
2012 (September-December) 48 (2681) 31(957) 10 (764) 7 (960)
2013 50(7804)  31(2579) 12(2288)  7(2937)
2014 50(7874)  31(2585)  12(2473)  7(2816)
2015 50(8225) 31(2710) 12(2461)  7(3054)
2016 (January-April) 47 (3162) 28 (1025) 12 (954) 7 (1183)

The highest incidence proportion of deep SSI is in age <80, NNIS risk index score 2&3 and in
non-elective procedures, in tertiary hospitals, hospitals sized over 350 beds and the Middle region
(table 2). Specialist hospitals, hospitals sized fewer than 151 beds, and the Western health care

region has the lowest incidence proportion of deep SSls (table 2).

Risk factors presented in table 2 were examined by multivariate and multilevel analysis (table 3a
and 3b). Multilevel analysis show a higher risk of developing deep SSI after THA procedure in the
following confounders; male gender with an OR of 1.6, age >80 year with an OR of 1.8, NNIS
risk index >1with an OR of 1.7 and NNIS risk index >2 with an OR of 2.3, all statistically
significant. A lower risk of developing deep SSIs after THA is found in health care region West
with a statistically significant OR of 0.4 (table 3b).

For superficial SSIs we found the following to be statistically significant in multilevel analysis
(table 3a): NNIS risk index >1with an OR of 1.8 and NNIS risk index >2 with an OR of 3.5,
showing a higher risk of developing SSI after THA procedure. Specialist hospitals show a
statistical significant lower risk of developing superficial SSls after THA procedure (table 3b)
with an OR of 0.1
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Table 2 Number and incidence proportion of surgical site infections by patient, procedure, demographic
and structural variables after primary total hip arthroplasty procedures, reported in Norway between
September 1st 2012 and April 30th 2016

Deep SSls Superficial SSls

Variable No. % No. %
Overall 314 11 307 1.0
Age

0-59 53 0.9 49 0.8

60-69 85 0.9 104 1.1

70-79 115 1.2 107 11

80+ 61 1.4 47 1.1
Sex

Female 160 0.8 194 1.0

Male 154 15 113 11
NNIS risk index

0 182 0.9 168 0.8

1 110 1.5 102 1.4

2&3 18 2.0 23 2.6
Elective

Yes 289 1.0 16 0.8

No 25 1.3 291 1.0

Fixation method

Cemented 101 11 85 1.0

Non cemented 84 1.0 120 1.4

Hybrid 129 1.0 102 0.8
Ab prophylaxis

Yes 287 1.0 280 1.0

No 11 1.4 10 1.3
LOS

0 136 1.1 145 1.2

1 139 0.9 134 0.9

>2 38 1.2 28 0.9
Region

South-east 194 1.1 154 0.8

West 36 0.7 39 0.7

Middle 64 1.5 72 1.7

North 20 1.0 42 2.2
Hospital type

Primary 146 0.9 146 1.1

Secondary 74 1.1 100 1.4

Tertiary 71 1.4 51 1.0

Specialist 16 0.4 4 0.1

Private 7 1.1 6 0.9
Hospital size

1-150 106 0.9 119 1.0
151-350 111 1.1 102 1.0
350+ 97 1.3 86 1.1
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Table 3a Risk of surgical site infection by patient and procedure variables, reported in Norway between
September 1% 2012 and April 30" 2016

Deep surgical site infections Superficial surgical site infections
Crude OR Adjusted OR* Crude OR Adjusted OR*

Variable (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Age

0-59 Ref Ref Ref Ref

60-69 1.0(0.7-1.3) 0.9 (0.7-1.4) 1.3(0.9-1.8) 1.3(0.9-1.9)

70-79 1.3(0.9-1.8) 1.2(0.9-1.8) 1.3(0.9-1.8) 1.3(0.9-1.9)

80 1.6(1.1-2.3) 1.5(1.0-2.3) 1.3(0.9-2.0) 1.3(0.8-2.0)
Sex

Female Ref Ref Ref Ref

Male 1.8(1.4-2.3) 1.8(1.5-2.3) 1.1(0.9-1.4) 1.1(0.9-1.4)
NNIS risk index

0 Ref Ref Ref Ref

1 1.7(1.3-2.1) 1.5(1.1-1.9) 1.7(1.3-2.1) 1.8(1.4-2.4)

22 2.3(1.4-3.8) 2.0(1.2-3.5) 3.2(2.1-5.0) 3.5(2.1-5.7)
Fixation method

Cemented Ref Ref Ref Ref

Non cemented 0.9(0.6-1.2) 0.9 (0.6-1.4) 1.5(1.1-2.0) 1.4(1.0-2.1)

Hybrid 0.9(0.7-1.2) 1.2 (0.9-1.7) 0.9(0.7-1.2) 0.9(0.6-1.3)
Antibiotic prophylaxis

No Ref Ref Ref Ref

Yes 0.7(0.4-1.3) 0.8(0.3-2.0) 0.8(0.4-1.5) 0.7 (0.3-2.0)
Elective procedure

No Ref Ref Ref Ref

Yes 0.8(0.5-1.2) 1.1(0.7-1.7) 1.3(0.8-2.1) 1.5(0.9-2.6)
Preoperative length of stay

0 days Ref Ref Ref Ref

1day 0.8(0.6-1.0) 0.9 (0.7-1.3) 0.7 (0.6-0.9) 0.9(0.7-1.2)

22days 1.1(0.7-1.5) 1.0 (0.6-1.5) 0.7 (0.5-1.1) 1.6 (0.7-1.8)

*Level 1:age, sex, NNIS risk index, fixation, antibiotic prophylaxis, hemiarthroplasty volume, elective/acute surgery,
preoperative length of stay, hospital size, region, hospital type and surgical volume. Level 2: hospital

Table 3b Association between the risk of surgical site infection and demographic, structural and
continuous variables, reported in Norway between September 1% 2012 and April 30" 2016

Deep surgical site infections Superficial surgical site infections
Crude OR Adjusted OR* (95% Crude OR Adjusted OR* (95%
Variable (95% ClI) Cl) (95% 1) Cl)
Hospital size (beds)
<150 Ref Ref Ref Ref
151-350 12(0.9-1.5) 11(0.7-1.9) 0.9(0.7-1.2) 0.6(0.3-11)
350 1.4(1.1-1.9) 1.1(0.4-3.1) 1.1(0.8-1.5) 0.7 (0.2-2.4)
Region
South-East Ref Ref Ref Ref
West 0.6(0.4-0.9) 0.4(0.2-0.7) 0.9(0.6-1.2) 0.7(0.4-1.3)
Middle 14(1.1-1.9) 1.0(0.6-1.6) 2.0(1.5-2.7) 1.7(1.0-3.1)
North 1.0(0.6-1.6) 0.7 (0.4-1.4) 2.6(1.9-3.7) 1.5(0.8-2.9)
Hospital type
Primary Ref Ref Ref Ref
Secondary 1.0(0.7-1.3) 0.9(0.5-1.5) 13(1-0-1.7) 1.9(1.0-2.8)
Tertiary 13(1.0-1.8) 1.7(0.7-4.3) 1.0(0.7-1.3) 1.2(0.4-3.9)
Specialist 0.4(0.2-0.7) 0.5(0.2-1-2) 0.1(0.0-0.3) 0.1(0.0-0.6)
Private 1.0(0.5-2.1) 0.8(0.2-2.6) 0.8(0.4-1.9) 0.6(0.1-2.8)
Hemiarthroplasty volume 1 1(1-1) 1(1-1) 0,9999

*level 1:age, sex, NNIS risk index, fixation, antibiotic prophylaxis, hemiarthroplastyvolume, electivefacute surgery, preoperative
length of stay, hospital size, region, hospital type and surgical volume. Level 2: hospital
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The crude OR for deep SSls is 0.7 in both hospitals with an annual hospital volume of 150 to 299
THA procedures and of 300 THA procedures or more (table 4). When adjusted for confounders in
multilevel analysis, these effects diminish, of which male gender, age >80 year, NNIS >land

health care region West showed to be statistically significant.

For deep SSls in multilevel analysis, we only find a borderline significant protective effect in
hospitals with an annual hospital volume of 150 to 299 THA procedures (table 4). For superficial
SSils, the crude OR is 0.4 in hospitals with an annual hospital volume of > 300 THA procedures
(table 4). This effect also diminishes when adjusted for confounders, of which NNIS >1 and

specialist hospitals showed to be statistically significant.

Table 4 Risk of surgical site infection by hospital volume of primary total hip arthroplasty procedures,
reported in Norway between September 1% 2012 and April 30" 2016

Annual hospital volume

Infection type <150 150-299 =300
Deep surgical site Crude OR Ref 0,7 0,7
infection 95% Cl 0.5-0.9 0.5-0.9
p-value 0.006 0.007
Adjusted OR* Ref 0,7 0,9
95% Cl 0.4-1.0 0.5-1.4
p-value 0.056 0.493
Superficial surgical Crude OR Ref 0,9 0,4
site infection 95% Cl 0.7-1.2 0.3-0.5
p-value 0,440 <0.001
Adjusted OR* Ref 1,3 0,8
95% Cl 0.8-2.1 0.4-1.5
p-value 0.366 0.408

*Level 1:age, sex, NNIS risk index, fixation, antibiotic prophylaxis, hemiarthroplastyvolume,
elective/acute surgery, preoperative length of stay, hospital size, region, hospital type . Level
2:hospital

6. Discussion

We analyzed national data with a total of 29 746 THA procedures, from 53 private and public
hospitals. We found that an annual hospital volume of 150 THA procedures or more may give a
lower risk of SSI in multivariate analysis (table 4), but this was not statistically significant. A
borderline association was shown between an annual hospital volume of 150 to 299 THA

procedures and a lower risk of deep SSls (table 4).
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Muilwijk et al found the same tendency that we found in our study; lower volume giving a higher
risk of SSI after THA in the middle hospital volume group, and no significant association between
hospital volume and risk of SSI (24). Anderson et al showed the lowest risk of SSI in the middle
hospital volume group, and concluded “that hospital surgical volume has an important, complex
relationship with rates of SSI in community hospitals” (23). Both studies of Singh et al (22) and
Meyer et al (11) found an opposite result to our study, with the highest risk of SSI shown in the
middle hospital volume group, but this was not statistically significant. These conflicting results
show that we cannot presume that a higher hospital volume is associated with a lower risk of SSI
after THA.

Hewitt et al describe a model of how volume may affect quality of surgical care (figure 1), and
visualizes how volume as a “proxy” for several risk factors can influence the volume-outcome
association in surgical patient care (17). Hewitt’s model presents risk factors as the “patient’s
comorbidity, the specific surgical processes of care with physicians, other clinicians and hospital
and organizational skills ”. Hospital volume can thus be a proxy measure for probable collective
experience in a hospital, in a surgery unit and in overall surgical patient care. Higher hospital
volume may give experience and develop higher quality skills, and express a multidisciplinary

need of experience in specific processes of care (20).

The association between hospital volume and outcome may not necessarily be related to hospital
volume of one specific procedure (69). Experience in performing other surgical procedures similar
to THA, such as hemiarthroplasty (HA), could be linked to higher quality in performing THA, as
there are similarities in overall patient care and surgical techniques,. We found no association with
HA in this study, and did not find this in other studies (table 3b).

Charles Vincent defines quality as “the gap between what can be achieved an what actually
happens” (25). Hewitt mentions that there is a lack of quality data on health care processes, and
suggests that comparable and risk-adjusted outcome-data is the best way of measuring quality of
care (17). Accordingly, we should focus on improvements by monitoring SSI as an adverse event
after THA procedures, to be able to even out the gap between what should have been and what is,
for implementing patient safety. Vincent also describes an adverse event as “an unintended injury
caused by medical management ” (25). Adverse events may be possible systematic errors, and it is
important to recognize that quality and patient safety is not merely a personal responsibility, but
also a system property (26). Quality is assessed to be more important than hospital size for
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distributing health services between hospitals, where national health authorities want to create
robust professional teams and increase organizational competence to preserve functions in local
hospitals (70). This requires comprehensive background knowledge of surgical procedures, such
as THAs and an aim for best practice, and may be illustrated by skills in all processes of surgical

care in Hewitt’s model (figure 1).

Hewitt’s model suggests that we find the risk factors connected to the patient’s condition, the
procedure in itself and in the organizational context. Vincent et al have similar suggestions in their
model for assessing different risk factor types in health care (32, 33). Vincent’s model describes
more specific factor types and conditions that may cause failure by affecting clinical practice; “the
patient, task and technology, individual (staff), team, work environment, organizational and
management, and institutional context factors” (33). These two models intertwine and complement
each other. Hewitt’s model describes several risk factors which may be related to the processes in
the pre-, per- and postoperative clinical care (17). Vincent et al elaborates these factors even more
for targeted improvement, which may be factors beyond failing skills (33). Vincent’s model looks
at factors that may influence why these skills were not good enough, such as social factors,
communication and workload, and Vincent’s model can be used for analyzing risk and patient

safety for improvement (33).

Hewitt’s and Vincent’s models together have similar factors as Zingg et al’s model for
implementing infection control and surveillance, which range from materials, compliance to
guidelines and occupancy, to organizational culture (62). All three models show that there is a

multidisciplinary context of risk factors in every part of surgical care.

Patient safety is suggested to be the “avoidance, prevention and amelioration of adverse

outcomes ” (25). Several patient, procedure and hospital related risk factors may influence the risk
of SSI after THA, and are as such also targeted improvement areas. SSI as a surgical outcome
seems to be affected by different structures and processes of care, where volume is a proxy
measure for other risk factors we may be able detect in our data, or not. We found that male
gender, age >80 year and NNIS risk index >1and >2 showed a higher risk of developing deep SSI
after THA procedure, and with a NNIS risk index >1 and >2 SSIs for superficial SSIs (table 3a
and 3b). This is supported by Meyer and Muilwijk who also find NNIS and male gender as
significant risk factors for hip arthroplasty (11, 24).
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By multilevel analysis, we found a significantly lower risk of deep SSI in the Western health care
region (table 3b). This region has hospitals represented in all three volume groups, including
specialist hospitals. We also found specialist hospitals to have a lower risk of both SSI types, but
this was only statistically significant for superficial SSls (table 3b). Hospitals specializing in
orthopedics are shown to have a lower risk of SSI, and hospitals with higher hospital volume and
lower SSI rate are described to have an organized and effective infection control (5, 52, 71). An
infection control program consists of SSI surveillance, which in itself is associated to decreased
SSl rate, and guidelines for infection control (61). Regular feedback to surgeons is shown both to
be of significance and not (18, 44). Infection surveillance and other measures of patient safety may
be addressed as basics for processes to achieve better quality and safety for THA surgery. If high
hospital volume hospitals with lower risk of SSI are better at implementing infection control, it is
important to focus on implementing infection control in smaller hospitals as well. A positive
organizational culture is suggested to be important for the implementation of an effective infection

control in hospitals, which subsequently could affect outcomes like SSls (61, 62).

Studies by Muilwijk et al (24) and Meyer et al (11) using Dutch and German national infection
surveillance data could be comparable with our study in several ways, as they seem to collect
much of the same surveillance data. Both studies have volume groups with large differences in the
number of procedures, where the highest number of procedure is in the highest volume group. Our
study has an even distribution of procedures per volume group for gaining statistical strength.
Participation is also voluntary for hospitals in both the Dutch and the German national nosocomial
infections surveillance systems, where the Dutch hospitals also can choose which procedures they
monitor. Our data is from the period after the Norwegian surveillance system became mandatory,
both for continuous registration and for selection of procedures, since September 1% 2012.
Meyer’s (German) study includes hip replacements due to arthritis and not only primary THA, and
this study may therefore not be comparable to ours (11). Anderson et al suggests that their
significant association between hospital volume and rates of SSI is due to the high number of
procedures, but they include like Meyer et al all hip replacements in their study, and may also not
be comparable (11, 23).

Our study has several strengths as it uses national surveillance data (NOIS) with every
participating hospital in Norway represented, a high number of THA procedures, and standardized
case definitions. NOIS also has a high percentage of registration at follow-up after 30 days (10).
Meyer et al did not have a systematically follow up after discharge, which both our study and the
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study by Muilwijk et al did (11, 24). Most SSIs manifest within 90 days after surgery (38), and
since 2012, NOIS do not follow up SSls after 30 days registration (37).

We used a two-level (procedure and hospital) multilevel analysis model which is efficient in
analyzing hospital data, and as strength in our study, because hospitals may have different
environments and cultures that can influence the hospital volume-outcome association (72).
Muilwijk’s (Dutch) study also used a two-level multilevel analysis model with procedures as level
one and hospital as level two (24). In our study we included all confounders (co-variables) in both
the multivariate and the multilevel analysis, regardless of p-value, which Muilwijk et al did not
(24).

Another strength is viewing superficial and deep SSIs separately. Some studies only examine deep
SSls (23, 52). In our study we expected to find differences between superficial and deep SSIs in
our results as there may be different risk factors for superficial and deep SSlIs, which we did (table
3a and 3b) (56). Male gender, age >80 year and NNIS risk index >1 showed a higher risk of
developing deep SSI (table 3a), whereas a lower risk of developing deep SSls after THA is found
in health care region West (table 3b). For superficial SSI NNIS risk index >1 gave a higher risk of
SSlI after THA, whereas there was a lower risk of developing superificial SSls in specialist
hospitals (table 3b). In the middle hospital volume group we also found differences as in a lower
risk of deep SSI and a higher risk of superficial SSls (table 4), though this was not statistically
significant (table 4).

Deep SSls after THA are probably mainly acquired during surgery or haematogenous (5, 46).
Superficial SSIs may be associated with postoperative hematoma or drainage, and can also cause
or develop into a deep SSI (5, 47, 51). Superficial SSI is also suggested to be a symptom of
postoperative treatment and wound care, rehabilitation stay and the patient’s own hygienic care
(36). Neither Muilwijk et al or Meyer et al looked at superficial and deep SSlIs separately, but they
followed the same definitions for SSI as in our study. We found the same trend as Muilwijk et al
did in their study with a higher proportion of both deep and superficial SSls together, in the lowest
volume group, but also separately. Their study had a higher rate of SSI in the lowest hospital

volume group, which may possibly be due to the lower number of procedures (24).

In this study we wanted to analyze both surgeon and surgical volume as variables associated to the
risk of SSls after THA. As there is no national registration of surgeon volume, we wanted to find
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this for our study. In our effort to estimate an average surgeon volume we found that this data
would not be sufficient in estimating an association between hospital and surgeon volume and risk
of SSl after THA. This is a limitation in our study and a correct calculation of distribution of the
number or procedures per surgeon in each hospital is needed. Muilwijk et al used surgeon volume
data, and observed a longer duration of surgery and a trend of higher risk of SSI with lower
surgeon volume in THA procedures (24). Anderson et al calculated an average annual surgeon
volume by the number of procedures each surgeon performed in each hospital, and (23). As we
cannot rule out surgeon factor as an important factor in the association between hospital volume
and SSls after THA procedure, we recommend further research for finding reliable surgeon

volume data for this.

Several other risk factors that may confound the association between hospital volume and the risk
of SSI may not be uncovered, as they are not available in our data or are not available by any
surveillance method. We used a prospective cohort design. To identify causality, a randomized
design would be the first choice. Other complementary methods of measurement may be; user
experience research; adverse events reporting systems, measuring patient safety culture,

improvement actions like audits for compliance and surveillance of other outcomes than SSis.

Possible bias in this study may be clinical diagnostics of superficial SSIs after discharge and

registration errors in the hospitals electronic health record systems.

7. Conclusion

Our results seem to be consistent with our models which support our data. They cover a wide
range of potential areas of risk factors leading to failures which may give traumatic consequences
for the patient and also the staff, and of which we can learn by our mistakes for improvement (6).
Hospital volume in itself can presumably not describe quality and patient safety, or predict
surgical outcomes such as SSls. But if hospital volume is an indicator of adverse events and a
proxy measure for relevant risk factors, it may, especially together with other available measures
of quality and patient safety, help to identify potential areas of improvement (17, 18). Hospitals
with lower THA hospital volume should thus be able to perform low risk surgical procedures, if
they maintain a good quality of surgical experience, expertise and facilities (8, 69). If practice

makes perfect, a higher hospital volume should, as a proxy measure for several factors in surgical
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patient care, be a protective factor. Further research is needed to be able to improve quality and
patient safety, and to identify the differences in processes and structures of surgical care in
hospitals with good outcome versus hospitals with poor outcome of SSis (19, 73). It seems

however to be essential with an implemented effective infection control program (61).

30



References

1. Dale H. Infections after primary hip arthroplasty. Epidemiology, time trends and risk
factors in data from national health registers. The Norwegian Arthroplasty Register.: Bergen;
2013.

2. Judge A, Chard ], Learmonth I, Dieppe P. The effects of surgical volumes and training
centre status on outcomes following total joint replacement: analysis of the Hospital Episode
Statistics for England. Journal of Public Health. 2006;28(2):116-24.

3. March LM, Cross M], Lapsley H, Brnabic AJM, Tribe KL, Bachmeier CJM, et al.
Outcomes after hip or knee replacement surgery for ostheoartrithis

A prospective cohort study comparing patients' quality of life before and after surgery with
age-related population norms the Medical Journal of Australia. 1999;171(5):235-8.

4, Ackerman IN, Graves SE, Bennell KL, Osborne RH. Evaluating quality of life in hip and
knee replacement: Psychometric properties of the World Health Organization Quality of Life
short version instrument. Arthritis Care & Research. 2006;55(4):583-90.

5. Triantafyllopoulos G, Stundner O, Memtsoudis S, Poultsides LA. Patient, Surgery, and
Hospital related Risk Factors for Surgical Site Infections following Total Hip Arthroplasty.
The Scientific World Journal. 2015;Article ID 979560:9.

6. Vincent C. Patient safety. Ch 4: The nature and scale of error and harm.: Wiley -
Blackwell.; 2010.
7. Cheng M. Risk factors and costs of developing surgical site infections after primary

hip arthroplasty in Norway: University of Oslo; 2015.

8. Meld. St. 11 (2015-2016). Nasjonal helse- og sykehusplan (2016-2019).

9. Organisering av ortopedi, revmakirurgi og revmatologi i Helse Sgr-@st. Sluttrapport
fra midlertidig regionalt utvalg for funksjonsfordeling av ortopedi, revmakirurgi og
revmatologi. Helse Sgr - @st, Hgsten 2010.

10.  NIPH. NOIS - 5, infeksjon i operasjonsomradet, mal med vedlegg. Norwegian Institute
of Public Health; 2014.

11. Meyer E, Weitzel-Kage D, Sohr D, Gastmeier P. Impact of department volume on
surgical site infections following arthroscopy, knee replacement or hip replacement. BM]
Quality & Safety. 2011;20(12):1069-74.

12.  Senthi S, Munro JT, Pitto RP. Infection in total hip replacement: meta-analysis.
International Orthopaedics. 2011;35(2):253-60.

13.  Bozic K], Ries MD. The Impact of Infection After Total Hip Arthroplasty on Hospital
and Surgeon Resource Utilization. The Journal of Bone &amp; Joint Surgery.
2005;87(8):1746-51.

14.  Forskrift om miljgrettet helsevern, (2003).

15.  Lov om vern mot smittsomme sykdommer, (1995).

16.  Forskrift om smittevern i helsetjenesten, (2005).

17.  Hewitt M. Interpreting the Volume-Outcome Relationship in the context of Health
Care Quality:Workshop Summary. Washington, D.C.: National Academy of Sciences, 2000.
18. Solomon D, Losina E, Baron |, Fossel A, Guadagnoli E, Lingard E, et al. Contribution of
Hospital Characteristics to the Volume - Outcome Relationship. Dislocations and Infection
Following Total Hip Replacement Surgery. ARTHRITIS & RHEUMATISM. September
2002;46(9):2436-44.

19. Katz ], Losina E, Barrett |, Phillips C, Mahomed N, Lew R, et al. Association Between
Hospital and Surgeon procedure Volume and Outcomes of Total Hip Replacement in the
United States Medicare Population. ] Bone Joint Surgery Am. 2001;83:1622-9.

31



20. Geubbels E, Wille ], Nagelkerke N, CMJE V-G, Grobbee D, de Boer A. Hospital - related
Determinants for Surgical Site Infection following Hip Arthroplasty. Infect Control Hosp
epidemiol. 2005;26:435-41.

21. Jamsen E, Furnes O, Engesaeter L, Konttinen Y, Odgaard A, Stefansdottir A, et al.
Prevention of deep infection in joint replacement surgery. A review. Acta Orthopaedica.
2010;81(6):660-6.

22. Singh ], Kwoh C, Boudreau R, Lee G, Ibrahim S. Hospital volume and surgical outcomes
after elective hip/knee arthroplasty: A risk adjusted analysis of a large regional database.
Arthritis Rheum. 2011;63(8):2531-9.

23. Anderson DJ, Hartwig MG, Pappas T, Sexton DJ, Kanafani ZA, Kaye KS. Surgical Volume
and the Risk of Surgical Site Infection in Community Hospitals. Size matters. Annals of
Surgery. 2008;247(2):343-9.

24.  Muilwijk ], van der Hof S, Wille ]J. Association between Surgical site Infection risk and
Hospital operation Volume and Surgeon operation Volume Among hospitals in the Dutch
Nosocomial Infection Surveillance Network. Infection Control and Hospital Epidemiology.
2007;28(5):557-63.

25.  Vincent C. Patient safety. Ch 3: Integrating safety and quality.: Wiley - Blackwell,;
2010.

26.  Wolfe A. Institute of Medicine Report: Crossing the Quality Chasm: A New Health Care
System for the 21st Century. Policy, Politics, & Nursing Practice. 2001;2(3):233-5.

27. Teisberg P, Hansen F, Hotvedt R, Ingebrigtsen T, Kvalvik A, Lund E, et al. SMM-rapport
Nr. 2/2001. Pasientvolum og behandlingskvalitet.

Metodevurdering basert pa egen og internasjonal litteraturgransking.

28.  Browne JA, Pietrobon R, Olson SA. Hip Fracture Outcomes: Does Surgeon or Hospital
Volume matter? ] Trauma. 2009;66:809-14.

29.  Shervin N, Rubash H, Katz ]. Orthopaedic Procedure Volume and Patient Outcomes. A
Systematic Literature Review. Clin Orthop Relat Res. 2007(457):35-41.

30.  Styremgte i Helse Sgr - @st RHF. Driftsorienteringer fra administrerende direktgr.
September 12 2014.

31.  Sundhedsstyrelsen. Rapport for specialet: Ortopaedisk kirurgi. Available from:
https://sundhedsstyrelsen.dk/da/sundhed/planlaegning-og-
beredskab/specialeplanlaegning/specialeplan2010/~/media/EFC1AB8B5FC14F3F9E788E
9DCA25641A.ashx.

32.  Vincent C, Taylor - Adams S, Stanhope N. Framework for analysing risk and safety in
clinical medicine.1998.

33.  Vincent C. Patient safety. Ch 8: Understanding how things go wrong.: Wiley -
Blackwell.; 2010.

34.  Sathe P. Hip replacement American Physical Therapy Association (APTA) [cited 2016
July 25th]. Available from:
http://www.moveforwardpt.com/symptomsconditionsdetail.aspx?cid=1f495c5a-08cc-
4e59-9fdd-8640fc2c0410.

35.  Vincent C. The Essentials of Patient Safety. Ch 4: Improving Healthcare Processes and
Systems. 2011.

36. Blom HC, Duesund R, Rotegard K, Sandness Y. Postoperative sarinfeksjoner - sju ars
registrering ved et lokalsykehus. Tidsskrift for den norske legeforening. 2007;127:1640-3.
37. Koek M, Wille ], Isken M, Voss A, Van Benthem B. Post-discharge surveillance (PDS) of
surgical site infections:a good method is more important than a long duration. Euro
Surveillance. 2015;20(8).

32


http://www.moveforwardpt.com/symptomsconditionsdetail.aspx?cid=1f495c5a-08cc-4e59-9fdd-8640fc2c0410
http://www.moveforwardpt.com/symptomsconditionsdetail.aspx?cid=1f495c5a-08cc-4e59-9fdd-8640fc2c0410

38. Lgwer HL, Dale H, Eriksen H-M, Aavitsland P, Skjeldestad FE. Surgical site infections
after hip arthroplasty in Norway, 2005-2011: Influence of duration and intensity of
postdischarge surveillance. American Journal of Infection Control. 2015;43(4):323-8.

39.  Pasientsikkerhetsprogrammet “I trygge hender 24-7, strategi 2014 - 2018),. Helse- og
omsorgsdepartementet; 2014.

40. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC Definitions of
Nosocomial Surgical Site Infections, 1992: A Modification of CDC Definitions of Surgical
Wound Infections. 1992 Contract No.: 10.

41.  CDC. Surgical Site Infection (SSI). Centers for Disease Control and Prevention -
National Healthcare Safety Network2013.

42.  ECDC. Surveillance of surgical site infections in European hospitals - HAISSI protocol.
Stockholm: ECDC: European Centre for Disease Prevention and Control; 2012.

43.  Andersson AE. Patient Safety in the Operating room.

Focus on Infection Control and prevention. Sweden: Institute of Health and Care Sciences.
The University of Gothenburg; 2013.

44, Mangram AJ, Horan TC, Pearson Michele L., Silver LC, Jarvis WR, Comittee THICPA.
Guideline for Prevention of Surgical Site Infection. Infection Control and Hospital
Epidemiology. 1999;20(4):247-78.

45.  Folkehelseinstituttet. Diagnostikk ved fremmedlegeme-relaterte infeksjoner.

46. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-Joint Infections. New England
Journal of Medicine. 2004;351(16):1645-54.

47. Cordero-Ampuero J, de Dios M. What Are the Risk Factors for Infection in
Hemiarthroplasties and Total Hip Arthroplasties? Clinical Orthopaedics and Related
Research. 2010;468(12):3268-77.

48. Imman R, Gallegos K, Brause B, Redech P, Christian,. Clinical and micribial features of
prosthetic joint infection. Am ] Med. 1984;77:47-53.

49.  NIPH. Diagnostikk ved fremmedlegeme-relaterte infeksjoner. Norwegian Institute of
Public Health.

50. Berbari EF, Hanssen AD, Duffy MC, Steckelberg JM, Ilstrup DM, Harmsen WS, et al.
Risk Factors for Prosthetic Joint Infection: Case-Control Study. Clinical Infectious Diseases.
1998;27(5):1247-54.

51. Saleh K, Olson M, Resig S, Bershadsky B, Kuskowski M, Gioe T, et al. Predictors of
wound infection in hip and knee joint replacement: results from a 20 year surveillance
program. Journal of Orthopaedic Research. 2002;20(3):506-15.

52. Phillips ], Crane T, Noy M, Elliott T, Grimer R. The incidence of deep prosthetic
infections in a specialist orthopaedic hospital. A 15-year prospective survey. ] Bone Joint
Surg. 2006;88-B:943-8.

53. Langvatn H, Lutro O, Dale H, Schrama JC, Hallan G, Espehaug B, et al. Bacterial and
Hematological Findings in Infected Total Hip Arthroplasties in Norway Assessment of 278
Revisions Due to Infection in the Norwegian Arthroplasty Register. The Open Orthopaedics
Journal. 2015;9:445-9.

54, Ridgeway S, Wilson ], Charlet A, Kafatos G, Pearson A, Coello R. Infection of the
surgical site after arthroplasty of the hip. Bone & Joint Journal. 2005;87-B(6):844-50.

55. Culver D, Horan T, Gaynes R, Martone W, Jarvis W, Emori T, et al. National Nosocomial
Surveillance System. Surgical wound infection rates by wound class, operative procedure,
and patient risk index. Am ] Med. 1991;91:152-7.

56. Dale H, Skramm [, Lgwer HL, Eriksen HM, Espehaug B, Furnes O, et al. Infection after
primary hip arthroplasty; a comparison of 3 Norwegian health registers,2011; 82(6):[646-

54 pp.]

33



57. Urquhart DM, Hanna FS, Brennan SL, Wluka AE, Leder K, Cameron PA, et al. Incidence
and Risk Factors for Deep Surgical Site Infection After Primary Total Hip Arthroplasty: A
Systematic Review. The Journal of Arthroplasty. 2010;25(8):1216-22.e3.

58. Muilwijk J, Walenkamp GHIM, Voss A, Wille JC, van den Hof S. Random effect
modelling of patient-related risk factors in orthopaedic procedures: results from the Dutch
nosocomial infection surveillance network ‘PREZIES’. Journal of Hospital Infection.
2006;62(3):319-26.

59. Dale H, Fenstad AM, Hallan G, Havelin LI, Furnes O, Overgaard S, et al. Increasing risk
of prosthetic joint infection after total hip arthroplasty: 2,778 revisions due to infection after
432,168 primary THAs in the Nordic Arthroplasty Register Association (NARA). Acta
Orthopaedica. 2012;83(5):449-58.

60. Glassou E, Hansen T, Mdkela K, Havelin L, Furnes O, Badawy M, et al. Association
between hospital procedure volume and risk of revision after total hip arthroplasty: A
population-based study within the Nordic Arthroplasty Register Association database.
Osteoarthritis and Cartilage. 2016 March;24(3):419-26.

61. Haley RW, Culver DH, White JW, Meade Morgan W, Grace Emori T, Munn VP, et al. The
efficiacy of infection surveillance and control programs in preventing nososcomial infections
in US hospitals. American Journal of Epidemiology. 1985;121(2).

62. Zingg W, Holmes A, Dettenkofer M, Goetting T, Secci F, Clack L, et al. Hospital
organisation, management, and structure for prevention of health-care-associated infection:
a systematic review and expert consensus. The Lancet Infectious Diseases.15(2):212-24.

63.  NIPH. The Norwegian Surveillance System for Antibiotic consumption and Healthcare
- Associated Infections (NOIS) Norwegian Institute of Public Health. Available from:
http://www.fhi.no/artikler/?id=60844.

64. Lgwer HL, Eriksen H-M, Aavitsland P, Skjeldestad FE. Methodology of the Norwegian
Surveillance System for Healthcare-Associated Infections: The value of a mandatory system,
automated data collection, and active postdischarge surveillance. American Journal of
Infection Control. 2013;41(7):591-6.

65. Helsedirektoratet. SAMDATA. Spesialisthelsetjenesten 2013. Definisjonsvedlegg.

66. Jensberg Hr, Midttun L, Anthun KS, Bjgrngaard JH, Halsteinli V, Kalseth B, et al.
Definisjoner og datagrunnlag til SAMDATA Ngkkeltall for spesialisthelsetjenesten 2008.
TRONDHEIM: SINTEF (Stiftelsen for industriell og teknisk forskning ved NTH).

67.  Helsedirektoratet. SAMDATA. Spesialisthelsetjenesten 2013. IS-2194.

68.  Forskrift om Norsk overvakingssystem for antibiotikabruk og helsetjenesteassosierte
infeksjoner, (2005).

69.  Urbach D, Baxter N. Does it matter what a hospital is "high volume" for? Specificity of
hospital volume-outcome associations for surgical procedures: analysis of administrative
data(*). Quality & safety in health care. 2004;13(5):379-83.

70.  Helsedirektoratets vurdering av lokalsykehus og akuttfunksjon. August 17 2015.

71. Jamsen E. Epidemiology of Infected Knee Replacement. Finland: Medical School of the
University of Tampere; 2009 March 14th.

72. Hearld LR, Alexander JA, Fraser I, Jiang HJ. Review: how do hospital organizational
structure and processes affect quality of care?: a critical review of research methods. Medical
care research and review : MCRR. 2008;65(3):259-99.

73.  Urbach DR. Pledging to Eliminate Low-Volume Surgery. New England Journal of
Medicine. 2015;373(15):1388-90.

34


http://www.fhi.no/artikler/?id=60844

Article proposal

Original article

Does practice make perfect?

The hospital volume-outcome association in the context of quality and patient safety for
total hip arthroplasty

Unni J Trondsen BSN?, Hege Line Lgwer PhD2, Hanne Merete Eriksen PhD?,

Havard Dale MD, PhD3, Geir Bukholm MD, PhD#%

Linnlandet Hospital Trust, Tynset, Norway

2 Norwegian Institute of Public Health, Oslo, Norway
3 Department of Orthopedic Surgery, The Norwegian Arthroplasty Register, Haukeland University Hospital, Bergen, Norway

a Norwegian University of Life Sciences, As, Norway

Abstract

Introduction: Surgical site infection (SSI) is among the most frequent healthcare- associated
infections (HAIs) worldwide, and a well-known indicator of quality and safety in hospitals.
Several patient-, procedure- and hospital related factors may be of importance to the
association between surgical volume and SSI after primary total hip arthroplasty (THA).
Objective: Examine any association between hospital volume and the risk of SSI after THA.
Design: Descriptive cohort-study based on prospective national surveillance data.

Methods: We used surveillance data for THA procedures from the Norwegian Surveillance
System for Antibiotic Consumption and Healthcare-associated Infections (NOIS), for the
period of September 1% 2012 to April 30™ 2016. Multivariate and multilevel analysis
estimated any associations between both hospital volume and other co-variables, and the risk
of SSls after THA. The adjusted Odd ratio (OR) was estimated for the hospital volume of

THA procedures, stratified in three hospital volume groups: <150, 150 to 299, >300.
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Results: A total of 29746 THA procedures were included from 53 hospitals. We found a
borderline statistically significant association between an annual hospital volume of 150 to
299 THA procedures and a lower risk of deep SSI.

Conclusions: Hospital volume in itself can presumably not describe quality and patient safety
or predict surgical outcomes such as SSI after THA procedure. As an indicator for adverse
events and a proxy measure for other risk factors, hospital volume may help to identify areas
of improvement.

Key words: Hospital volume, hip arthroplasty, hip replacement, surgical site infection,

infection control.

Introduction

Total hip arthroplasty (THA) is a common procedure worldwide, known to improve the
patient’s quality of life, relieve pain and improve function and mobility (1-4).There is
expected an increase of THA procedures due to growing elderly population (5, 6). Adverse
events following THA, such as surgical site infections (SSIs), may however give serious

consequences for the patient, healthcare services and socioeconomically (1, 5, 7, 8).

SSl is a well-known indicator of quality and patient safety in hospitals (9, 10). Effective
infection control is shown to reduce SSI rates (11). Several risk factors are known to affect
the risk of SSls after THA (1, 9, 12-17), and are essential to know for targeted infection

control measures.

Hospital and surgeon volume are suggested as indicators for adverse events after THA
procedures, and also to be associated with risk of SSI after THA, but we could not include

surgeon volume data as they were not available (18-20). The association between hospital
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volume and outcomes such as SSI has been of growing interest since the 1980’s, for health
providers for managing the health organization and personnel, and also for the patients and
politicians (21) . The association between hospital volume and risk of SSls has been studied
with varied results (10, 13, 14, 19, 21-23). Hospital volume is suggested to be a proxy
measure for other factors that can affect the risk of SSI, and thus many factors may influence

this volume-outcome association (20, 21).

The objective of this study is to examine if there is any association between hospital volume

and risk of SSls after THA, in order to identify potential areas of improvement.

Material and Methods

Data source

We used data from the Norwegian Surveillance System for Antibiotic Consumption and
Healthcare-Associated Infections (NOIS - Norwegian acronym), based on the European
Centre for Disease Prevention and Control (ECDC) — protocol, Surveillance of SSls in
European hospitals (9, 16). Surveillance in NOIS has been continuous and mandatory since
September 1% 2012 (24). NOIS data from five different surgical procedures are submitted
from 54 hospitals, both private and public, with THA as one procedure (9, 24). Every four
month, data are submitted to a national database at the Norwegian Institute of Public Health
(NIPH). National data are quality assured both with validation rules upon import and manual
checks. Several risk, background and outcome variables are collected through NOIS (9).
NOIS includes a follow up of patients after procedure to record SSI occurring within 30 days

after surgery (9, 25).

Study population
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This study includes surveillance data of patients who underwent primary THA surgery
between September 1% 2012 and April 30™ 2016. We excluded data from one hospital which

only performed specialized cancer-related THAs (n=14).

Outcome variable
The outcome of interest was physician confirmed SSI. All SSls are identified in accordance
with standardized European definitions of SSI (9, 16, 26). We investigated two outcomes;

deep SSls (deep incisional and organ/space) and superficial SSls.

Hospital volume of primary total hip arthroplasty (THA)

We studied primary THA which refers to the first time of replacing damaged parts of the
whole hip joint by prosthesis (1). Hospital volume was defined as the annual median number
of THA procedures performed in each hospital, and in this study primary THA is referred to

as THA.

We used NOIS data to calculate a median annual hospital volume where we took into account
possible seasonal variations, missing data submission or cessation of THA procedure. For
2012 and 2016, only data from four months was available. We therefore calculated a median
hospital volume for those two years based on the complete year for each hospital. We did not
find any recommendations regarding the cut offs for hospital volume groups in the literature.
We made an equal distribution of the number of THA procedures in each hospital volume
group, to gain statistical power. Cut offs were set for hospital volume groups at <150, 150-
299 and >300 procedures. Our hospital volume data complies with Norwegian Patient

Register (NPR - Norwegian acronym).
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Co-variables

The following patient and procedure related variables were included; age, sex, NNIS risk
index score, antibiotic prophylaxis, elective/acute surgery, fixation method, and preoperative
length of stay (LOS). The NNIS risk index is a system to adjust for patients and procedure
related factors such as wound contamination class, duration of operation and ASA physical
status score (16, 27). ASA is classification of physical status score developed by the
American Society of Anesthesiology (16, 27). Structural variables included were hospital
type, health care region and hospital size (beds). Hemiarthroplasty (HA) volume was included

as a continuous variable.

Data Analysis

We performed separate analyses for superficial and deep SSls by hospital volume group.
Bivariate analysis was used to describe characteristics of hospitals, patients and procedure
variables by hospital volume group. We calculated crude and adjusted odd ratio (OR), with 95
% confidence interval (CI) and p>0.05 as the statistical threshold, using logistic regression.
The lowest hospital volume group was set as reference in all analyses. To model the
variations between hospitals, we used multilevel logistic regression with two levels
(procedure and hospital) in the final multilevel analysis. All co-variables were included in the
final model. All analyses were performed using STATA/SE statistical software package

version 14.0 for Windows (StataCorp LP).

Ethics

Consent for using de - identified NOIS data in this study was granted by the Data Protection

Official at NIPH (28).
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Results

A total of 29746 THA procedures from 53 hospitals are included in this study. A range of 47
to 50 hospitals submitted data to NOIS during the study period, with an annual total of
approximately 8000 THA procedures. A national post-discharge follow-up of 97.6% for

THAs is recorded in NOIS for this period.

2/3 of all patients undergoing THA surgery are women, and 2/3 of all patients are in the 60-69
and 70-79 age groups (table 1). Mean age is 68 years. 93 % of THA procedures are elective
and 94 % of the patients receive antibiotic prophylaxis (table 1). Altogether, 69 % of the
patients are in NNIS risk index group 0, and of the 3 % who are high-risk patients, we find

more than 50% in hospitals with less than 150 annual THA procedures (table 1).

Table 1 approximately here

Table 2 shows that 30 of the included 53 hospitals are primary, 28 hospitals are located in the

South—East health care region, and 29 hospitals have 150 beds or less.

Table 2 approximately here

The highest proportion and number for both deep and superficial SSls are in hospitals with

less than 150 THA procedures annually (table 3).
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Table 3 approximately here

Table 4a and 4b approximately here

The crude OR for deep SSls is 0.7 in both hospitals with an annual hospital volume of 150 to
299 THA procedures and of 300 THA procedures or more (table 5). When adjusted for
confounders in multilevel analysis, these effects diminish, of which male gender, age >80
year, NNIS >1and health care region West showed to be statistically significant. For deep
SSls in multilevel analysis, we only find a borderline significant protective effect in hospitals
with an annual hospital volume of 150 to 299 THA procedures (table 5). For superficial SSls,
the crude OR is 0.4 in hospitals with an annual hospital volume of > 300 THA procedures
(table 5). This effect also diminishes when adjusted for confounders, of which NNIS >1 and

specialist hospitals showed to be statistically significant.

Table 5 approximately here

Discussion

Our results show that an annual hospital volume of more than 150 THA procedures may give
a lower risk of SSI (table 5), but this is not statistically significant in multilevel analysis.
However, a borderline significant association is shown between an annual hospital volume of

150 to 299 THA procedures and a lower risk of deep SSis (table 5).
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Norway is a large but sparsely populated country with many smaller hospitals, which makes it
difficult to compare with other countries. Despite this, our findings seems to be comparable
with findings in another study (14), among several studies examining the relationship between
hospital volume and risk for SSls (5, 13, 14, 19-21, 29). Muilwijk et al shows with Dutch
national infection surveillance data, that a lower hospital volume tends to give a higher risk of
SSI after THA procedure in the middle hospital volume group, but they found no statistical
significant association between hospital volume and risk of SSI (14). This supports the same
tendency that we found in our study. Anderson et al found that the lowest risk of SSI were in
the middle hospital volume group, and conclude “that hospital surgical volume has an
important, complex relationship with rates of SSI in community hospitals” (19). Anderson et
al suggest that their significant association is due to the high number of procedures, but they
include, like Meyer et al, all hip replacements in their study, and their study results may not
be comparable to ours (10, 19). Both studies of Singh et al and Meyer et al found an opposite
result to our study, where the highest risk of SSI is shown in the middle hospital volume
group, but this was also not statistically significant (23). These conflicting results show that
we cannot automatically decide that a higher hospital volume is associated with or equals a

lower risk of SSI after THA.

We performed a two-level (procedure and hospital) multilevel analysis, which gives strength
to our study. Multilevel analysis is efficient to analyze hospital data, as hospital environments
consist of different cultures which may influence a volume-outcome association (30). Our
study has several strengths as it uses national surveillance data (NOIS) with every
participating hospital in Norway represented, a high number of THA procedures, and
standardized case definitions are used. NOIS also has a high percentage of registration at

follow-up after 30 days. Meyer et al did not have a systematical follow up after discharge,
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which both our study and the study by Muilwijk et al did (10, 14). Most SSIs manifest within
90 days after surgery (31), and since 2012, NOIS does not follow up SSls after 30 days

registration (32).

Hewitt mentions that there is a lack of quality data on health care processes, something we
think may be relevant in monitoring for instance staff compliance of surgical procedures and
organizational skills in surgical care (21). Hewitt also suggest that comparable and risk-
adjusted outcome-data is the best way of measuring quality of care. SSI surveillance is
associated with decreased incidence proportion of SSI (11). Together with other methods for
measuring patient safety, surveillance can be a basis for improvements of quality and patient
safety in surgical care (11). Adverse events may be systematic errors, and it is of importance
to recognize that quality and patient safety is not merely a personal responsibility, but also a

system property (33).

We found it of importance and as strength for this study to monitor both types of SSls, and we
viewed superficial and deep SSls separately. Some studies only examine deep SSls (18-20,
34). We expected to find differences between superficial and deep SSls in our results as there
may be different risk factors for superficial and deep SSIs (table 4a and 4b) (12). In the
middle hospital volume group we found a lower risk of deep SSI and a higher risk of
superficial SSls, though this was not statistically significant (table 5). Deep SSls after THA
are probably mainly acquired during surgery or haematogenous (5, 35). Superficial SSIs may
be associated with postoperative hematoma or drainage, and can also cause or develop into a
deep SSI (5, 17, 36). Superficial SSI is also suggested to be a symptom of postoperative

treatment and wound care, rehabilitation stay and the patient’s own hygienic care (37).
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Hospitals specializing in orthopedics, and thus have a higher hospital volume, show a lower
risk of SSls (34). Some countries has set policies for minimum hospital volumes on the basis
of this (10). We also found specialist hospitals to have a lower risk of both SSI types, but this
was only statistically significant for superficial SSls (table 4b), and our results cannot support
such actions. Whether hospitals get a higher hospital volume, because patients are more
frequently referred to hospitals with better outcome, is not known. Another explanation may
be ‘practice makes perfect’, where experience leads to expertise and can cause a volume-
outcome association, our study cannot answer this. Clinical and organizational processes or

systems in health care may explain a volume-outcome association (21, 38, 39).

Outcomes are suggested to “reflect structures and processes of care” (38). SSl as a surgical
adverse outcome is thus likely to be affected by several structures and processes of care.
Hospital volume is also suggested to be a proxy measure for physical and cognitive skills of
personnel involved in patient care, and for organizational skills to create effective strategies in
surgical care (21). It has been shown that an association between hospital volume and
outcome may not necessarily be related to hospital volume of one specific procedure (39).
Experience in performing other surgical procedures similar to THA, like hemiarthroplasty
(HA), could be linked to higher quality in performing THA, as there are similarities in overall

patient care and surgical techniques, but we found no association with HA in this study.

Even though we did not find a statistically significant association between hospital volume
and risk of SSI after THA, it has been shown that effective infection control in hospitals is
associated with a reduction of SSIs (11). Hospitals with higher hospital volume may be better
at developing strategies for improvement and organize their infection control programs due to

high activity (5). High volume hospitals may also be defined by status and availability of
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surgical experience, expertise and facilities (39). For implementing an effective infection
control program, we can imagine that a positive organizational culture is needed, and relate to

how organizational factors may affect surgical care in hospitals (11).

Health authorities suggest that smaller hospitals with a sufficient hospital volume are able to
perform clinical services of the same quality as larger hospitals (40). The same authorities
wish to assign tasks to these smaller hospitals, if they maintain a good quality with competent
and trained personnel (40). Any hospital, regardless of volume and size, is supposed to
provide sufficient health care. To achieve overall quality and patient safety in surgical
procedures, it may be essential to focus on implementing best surgical practice for all
hospitals (38). Worry has been expressed that if we specialize hospitals for surgical
procedures, only hospitals with high hospital volume will upgrade their surgical experience,

expertise and facilities (38).

A limitation in our study is that we despite our effort to include surgeon volume we only have
data for hospital volume. Possible bias in this study may be clinical diagnostics of superficial

SSils after discharge and registration errors in the hospitals electronic health record systems.

Conclusion

A borderline association was shown between an annual hospital volume of 150 to 299 THA
procedures and a lower risk of deep SSlIs. Our result and conflicting results in other studies
show that we cannot automatically decide that a higher hospital volume is associated with the

risk of SSI after THA.
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Hospital volume in itself can presumably not describe quality and patient safety, or predict
surgical outcomes such as SSls. But if hospital volume is an indicator of adverse events and a
proxy measure for relevant risk factors, it may, especially together with other available
measures of quality and patient safety, help to identify potential areas of improvement (18,
21). Hospitals with lower hospital volume of THA should thus be able to perform low risk
surgical procedures, if they maintain a good quality of surgical experience, expertise and
facilities (39, 40). If practice makes perfect, a higher hospital volume should, as a proxy
measure for several factors in surgical patient care, be a protective factor. Further research is
needed to identify the differences in processes and structures of surgical care in hospitals with
good outcome versus hospitals with poor outcome of SSls, in order to be able to improve
quality and patient safety. It seems, however, to be essential with an implemented effective

infection control program (11).

We recommend further research to find reliable surgeon volume data, because we cannot rule
out the surgeon as an important factor in the association between hospital volume and SSls

after THA procedure.

Conflict of interest: None to report.
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Table 1 Number of total hip arthroplasty procedures (%) by annual hospital volume group by

patient and procedure variables, reported in Norway between September 1* 2012 and April

30™ 2016
Annual hospital volume
Variable Total <150 150-299 =300
Age
0-59 5847 (20) 1936 (20) 1635 (18) 2276 (21)
60-69 9838 (33) 3253 (33) 3021 (34) 3564 (33)
70-79 9817 (33) 3123(32) 3043 (34) 3651 (33)
>80 4244 (14) 1544 (16) 1241 (14) 1459 (13)
Missing 0 0 0 0
Sex
Female 19372 (65) 6300 (64) 5823 (65) 7 249 (66)
Male 10374 (35) 3556 (36) 3117(35) 3701 (34)
Missing 0 0 0 0
NNIS risk index
0 20523 (69) 5970 (61) 6432 (72) 8121 (74)
1 7470 (25) 3135(32) 1869 (21) 2466 (23)
>2 887(3) 474 (5) 204 (2) 209 (2)
Missing 866 (3) 277 (3) 435 (5) 154 (1)
Elective procedure
Yes 27 757 (93) 9078 (92) 8134 (91) 10545 (96)
No 1952 (7) 741 (8) 806 (9) 405 (4)
Missing 37(0) 37(0) 0(0) 0(0)
Preoperative length of stay
0days 11864 (40) 4763 (48) 4504 (50) 2597 (24)
1day 14745 (50) 4281 (43) 3789 (42) 6675 (61)
>2 days 3131(11) 807 (8) 647 (7) 1677 (15)
Missing 6(0) 5(0) 0(0) 1(0)
Fixation method
Cemented 8921 (30) 4290 (44) 1583 (18) 3048 (28)
Non cemented 8532 (29) 2912 (30) 2306 (26) 3314 (30)
Hybrid 12 293 (41) 2654 (27) 5051 (57) 4588 (42)
Missing 0 0 0 0
Antibiotic prophylaxis
Yes 27857 (94) 8891 (90) 8436 (94) 10530 (96)
No 773 (3) 516 (5) 101 (1) 156 (1)
Missing 1116 (4) 449 (5) 403 (5) 264 (2)

NOTE. Some distributions do not sum up to 100 due to rounding
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Table 2 Number of hospitals (THA procedures) by annual hospital volume group by
demographic and structural variables, reported in Norway between September 1% 2012 and

April 30" 2016

Annual hospital volume

Variable Total <150 150-299 2300
Region
South-East 28 (18218) 15(4166) 9(7097) 4 (6955)
West 8(5416) 4 (1250) 2(1318) 2(2848)
Middle 8(4200) 7 (3053) 0 1(1147)
North 9(1912) 8(1387) 1(525) 0

Hospital type

Primary 30(13590) 22(6312) 7(4997) 1(2281)
Secondary 9(6935)  4(1866) 3(2441)  2(2628)
Tertiary 7(4931) 3(995) 2(1502)  2(2434)
Specialist 3(3628) 1(21) 0 2(3607)
Private 4(662) 4(662) 0 0

Hospital size (beds)

<=150 29(11658) 23(5237)  4(2814)  2(3607)
151-350 14(10568)  7(3234)  5(3729)  2(3605)
>350 10(7520)  4(1385)  3(2397)  3(3739)
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Table 3 Number of primary THA procedures (hospitals), surgical site infections and incidence

proportion (95% Cl) by annual hospital volume, reported in Norway between September 1

2012 and April 30" 2016

Annual hospital volume

<150 150-299 >300
Number of procedures (hospitals) 9856 (34) 8940 (12) 10950 (7)
Superficial SSl-rate (Cl 95%) 1.4(1.1-1.6) 1.2 (1.0-1.5) 0.6(0.4-0.7)
Number of infections 135 111 61
Deep SSl-rate (Cl 95%) 1.3(1.1-1.6) 0.9(0.7-1.1) 0.9(0.8-1.1)
Number of infections 131 81 102
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Table 4a Risk of surgical site infection by patient and procedure variables, reported in

Norway between September 1% 2012 and April 30" 2016

Deep surgical site infections Superficial surgical site infections

Crude OR Adjusted OR* Crude OR Adjusted OR*

Variable (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Age

0-59 Ref Ref Ref Ref

60-69 1.0(0.7-1.3) 0.9(0.7-1.4) 1.3(0.9-1.8) 1.3(0.9-1.9)

70-79 1.3(0.9-1.8) 1.2(0.9-1.8) 1.3(0.9-1.8) 1.3(0.9-1.9)

>80 1.6(1.1-2.3) 1.5(1.0-2.3) 1.3(0.9-2.0) 1.3(0.8-2.0)
Sex

Female Ref Ref Ref Ref

Male 1.8(1.4-2.3) 1.8(1.5-2.3) 1.1(0.9-1.4) 1.1(0.9-1.4)
NNIS risk index

0 Ref Ref Ref Ref

1 1.7(1.3-2.1) 1.5(1.1-1.9) 1.7(1.3-2.1) 1.8 (1.4-2.4)

>2 2.3(1.4-3.8) 2.0(1.2-3.5) 3.2(2.1-5.0) 3.5(2.1-5.7)
Fixation method

Cemented Ref Ref Ref Ref

Non cemented 0.9 (0.6-1.2) 0.9 (0.6-1.4) 1.5(1.1-2.0) 1.4(1.0-2.1)

Hybrid 0.9(0.7-1.2) 1.2(0.9-1.7) 0.9(0.7-1.2) 0.9 (0.6-1.3)
Antibiotic prophylaxis

No Ref Ref Ref Ref

Yes 0.7 (0.4-1.3) 0.8(0.3-2.0) 0.8(0.4-1.5) 0.7 (0.3-2.0)
Elective procedure

No Ref Ref Ref Ref

Yes 0.8(0.5-1.2) 1.1(0.7-1.7) 1.3(0.8-2.1) 1.5(0.9-2.6)
Preoperative length of stay

Odays Ref Ref Ref Ref

1day 0.8(0.6-1.0) 0.9(0.7-1.3) 0.7 (0.6-0.9) 0.9(0.7-1.2)

>2 days 1.1(0.7-1.5) 1.0(0.6-1.5) 0.7 (0.5-1.1) 1.6 (0.7-1.8)

*Level 1: age, sex, NNIS risk index, fixation, antibiotic prophylaxis, hemiarthroplasty volume, elective/acute surgery,

preoperative length of stay, hospital size, region, hospital type and surgical volume. Level 2: hospital
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Table 4b Risk of surgical site infection by demographic and structural variables, reported in

Norway between September 1% 2012 and April 30" 2016

Deep surgical site infections Superficial surgical site infections
Crude OR Adjusted OR* (95% Crude OR Adjusted OR* (95%

Variable (95% Cl) cl) (95% Cl) cl)
Hospital size (beds)

<150 Ref Ref Ref Ref

151-350 1.2(0.9-1.5) 1.1(0.7-1.9) 0.9(0.7-1.2) 0.6(0.3-1.1)

>350 1.4(1.1-1.9) 1.1(0.4-3.1) 1.1(0.8-1.5) 0.7 (0.2-2.4)
Region

South-East Ref Ref Ref Ref

West 0.6 (0.4-0.9) 0.4(0.2-0.7) 0.9(0.6-1.2) 0.7 (0.4-1.3)

Middle 1.4(1.1-1.9) 1.0(0.6-1.6) 2.0(1.5-2.7) 1.7(1.0-3.1)

North 1.0(0.6-1.6) 0.7 (0.4-1.4) 2.6(1.9-3.7) 1.5(0.8-2.9)
Hospital type

Primary Ref Ref Ref Ref
Secondary 1.0(0.7-1.3) 0.9(0.5-1.5) 1.3(1-0-1.7) 1.9(1.0-3.8)
Tertiary 1.3(1.0-1.8) 1.7(0.7-4.3) 1.0(0.7-1.3) 1.2(0.4-3.9)
Specialist 0.4(0.2-0.7) 0.5(0.2-1-2) 0.1(0.0-0.3) 0.1(0.0-0.6)

Private 1.0(0.5-2.1) 0.8(0.2-2.6) 0.8(0.4-1.9) 0.6 (0.1-2.8)
Hemiarthroplasty volume 1 1(1-1) 1(1-1) 0,9999

*Level 1: age, sex, NNIS risk index, fixation, antibiotic prophylaxis, hemiarthroplasty volume, elective/acute surgery, preoperative
length of stay, hospital size, region, hospital type and surgical volume. Level 2: hospital
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Table 5 Risk of surgical site infection by annual hospital volume of primary total hip

arthroplasty procedures, reported in Norway between September 1* 2012 and April 30™

2016
Annual hospital volume
Infection type <150 150-299 2300
Deep surgical site Crude OR Ref 0,7 0,7
infection 95% Cl 0.5-0.9 0.5-0.9
p-value 0.006 0.007
Adjusted OR* Ref 0,7 0,9
95% Cl 0.4-1.0 0.5-1.4
p-value 0.056 0.493
Superficial surgical Crude OR Ref 0,9 0,4
site infection 95% Cl 0.7-1.2 0.3-0.5
p-value 0,440 <0.001
Adjusted OR* Ref 1,3 0,8
95% ClI 0.8-2.1 0.4-1.5
p-value 0.366 0.408

*Level 1:age, sex, NNIS risk index, fixation, antibiotic prophylaxis, hemiarthroplasty volume,
elective/acute surgery, preoperative length of stay, hospital size, region, hospital type . Level
2: hospital
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