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Introduction

INTRODUCTION

Healthcare-associated infections continue to represent a significant public health problem. Even
though some infections are unavoidable due to the inherent risks of underlying disease and medical
interventions, infection rates can and should be decreased.

In the Netherlands, about 3% of surgical patients develop a surgical site infection (SSI), which
leads to a longer duration of hospitalization, an increase in morbidity and mortality rates, and an
increase in costs.' SSI rates, especially in clean surgery in which no bacteria-colonized tract of
the body is opened, are considered an indicator of the quality of surgical and postoperative care
in hospitals.

Surveillance is the ongoing systematic collection, analysis, interpretation, and feedback of data,
followed if necessary by implementation of interventions. It is characterized by the Plan-Do-
Study-Act cycle, developed by the American Institute for Healthcare Improvement.* Surveillance
has been widely accepted throughout the world as a primary step toward prevention of healthcare-
associated infections. In order to be successful and to generate accurate and reliable data, the
surveillance system should comply with several criteria.

In the Netherlands, a national network for the surveillance of nosocomial infections was set up in
1996. The first module concerned SSIs, and so far 90% of all acute care hospitals in the Netherlands
have participated for a period between 3 months and 11 years.

The underlying question of this thesis is to assess the quality of the Dutch SSI surveillance and
whether it could be optimized. Therefore, the methods and applications of the surveillance were

critically evaluated and the trend in SSI incidence studied.

Background of surgical site infections

Healthcare-associated infections are infections that develop as a result of the patient’s stay in a
healthcare facility like a hospital, nursing home or rehabilitation centre. ‘Nosocomial infections’ is
a subgroup, which encompasses infections related to procedures, treatments, or other events that
occur during hospitalization. Such infections reveal not necessarily during hospitalization; often
they manifest later. The incidence of nosocomial infections can reflect the quality of care in the

hospital.

Modern surgery can be said to have its roots in the 19" century with the development of asepsis and
narcosis.” As a result, reconstructive, tissue-preserving operations began to replace amputations.®
After a surgical procedure, the patient may develop a SSI. The development of a SSI can be
multicausal, but the necessary cause is damage to host barrier mechanisms induced by the trauma
of a surgical incision. For most SSIs, the source of pathogens is the endogenous flora of the patient’s
skin, mucous membranes, or hollow viscera.”® However, contamination may also occur from an
exogenous source such as surgical personnel, the operating environment, and all tools, instruments,
and materials brought to the sterile field during an operation. Excellent surgical technique is widely

believed to reduce the risk of SSI. Such technique includes maintaining effective hemostasis while
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Chapter 1

preserving adequate blood supply, preventing hypothermia, gently handling tissues, avoiding
unintentional entries into a hollow internal organ, removing devitalized (e.g., necrotic) tissues,
using drains and suture material appropriately, eradicating dead space, and appropriately taking
care of the postoperative incision.’ The surgical technique has improved over the last decades, and
more often minimally invasive (laparoscopic or endoscopic) surgical procedures are performed,

which causes fewer SSI.°1°

SSIs are divided into (Figure 1):

« superficial incisional SSIs: involving only skin or subcutaneous tissue of the incision,

 deep incisional SSIs: involving deep soft tissues (fascial and muscle layers) of the incision;

« organ/space SSIs: involving any part of the anatomy other than the incision (e.g. organs or

spaces), opened or manipulated during the operative procedure).

The surgical site is the second or third most-common site of all nosocomial infections, with
infections of the urinary tract being the most-common. Among surgical patients, SSIs account
for 38% of all nosocomial infections. Currently, about 3% of surgical patients in Dutch hospitals
develop a SSI.' SSIs have adverse consequences like a longer duration of hospitalization of on
average a week, an increase in morbidity and mortality rates, and an increase in antibiotic use.
Consequently, SSIs lead to an increase in healthcare costs, varying from €1,000 per superficial
SSI to €20,000 per severe deep SSI. These costs refer to direct hospital costs, e.g., extra bed days,

diagnostics, medication and revision surgery.'?'?

Determinants for the development of SSI
Knowledge of patient and operation characteristics that may influence the risk of SSI development

(directly or indirectly) is useful in two ways. First, they allow stratification of operations, making

Superficial
Incisional
Subcl._liﬂneous 4 SST
Tissue
Deen Soft Ti Deep Incisional
(fascia & mu.scle)_ SSI
a Organ/Space
Organ/Space SST

Figure 1. The anatomy of surgical site infections and their appropriate classification.®*
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surveillance data more comprehensible. Second, knowledge of risk factors beforehand, may allow

for targeted prevention measures.

Four key factors, which interact in a complex way, affect the risk of surgical site infection:

o the degree of bacterial contamination;

o the virulence of the microorganism;

o the resistance of the host, i.e., the patient’s ability to control the microbial contamination;

* the physiologic condition of the surgical site at the end of the operation. A surgical site that
is poorly vascularized or that contains damaged or necrotic tissue or foreign material is at
higher risk of infection given the same degree of microbial contamination. The condition of
the surgical site is also determined by the underlying disease process that necessitated surgery

(e.g., the severity of trauma) and by operative technique (i.e., the skill of the surgeon).

Studies have identified other risk factors, but they may be viewed as secondary in that they are
likely to act through interaction with the key factors; e.g., by affecting the resistance of the host or
the condition of the surgical site. Age as a risk factor is linked to co-morbidities like thinning of
the dermis which is more susceptible to ischemia, diminished host immune responses, increased
exposure to long-term care facilities, and malnutrition."* Smoking delays the primary wound
healing secondary to decreased oxygen tension in the tissue. Obesity is associated with a poor tissue
oxygenation in adipose tissue and a higher incidence of diabetes.'” Diabetes itself is associated with
hyperglycemia, in case of unsatisfactory glucose control. Hyperglycemia during the immediate
postoperative period is an independent risk factor for development of SSI, because of a direct effect
of elevated glucose on immune mechanisms.

As mentioned above, the risk of developing an SSI is influenced by the degree of microbial

Table 1. Surgical wound classification.’?

Class Surgical wound contamination

1 Clean An uninfected operative wound in which no inflammation is encountered and
the respiratory, alimentary, genital, or uninfected urinary tract is not entered. In
addition, clean wounds are primarily closed and, if necessary, drained with closed
drainage. Operative incisional wounds that follow nonpenetrating (blunt) trauma
should be included in this category if they meet the criteria.

2 Clean-contaminated An operative wound in which the respiratory, alimentary, genital, or urinary tracts
are entered under controlled conditions and without unusual contamination.
Specifically, operations involving the biliary tract, appendix, vagina, and oropharynx
are included in this category, provided no evidence of infection or major break in
technique is encountered.

3 Contaminated Open, fresh, accidental wounds. In addition, operations with major breaks in sterile
technique (e.g., open cardiac massage) or gross spillage from the gastrointestinal
tract, and incisions in which acute, nonpurulent inflammation is encountered are
included in this category.

4 Dirty/infected Old traumatic wounds with retained devitalized tissue and those that involve existing
clinical infection or perforated viscera. This definition suggests that the organisms
causing postoperative infection were present in the operative field before the
operation.
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contamination of the operative site. A widely accepted system of classifying operative site
contamination was developed by the National Research Council in 1964 and modified in 1982
by the American Centers for Disease Control (CDC) for use in SSI surveillance (Table 1).> The

incidence of infection increases as the wound classification changes from clean to dirty.

Table 2. Physical status classification, American Society of Anesthesiologists."”

ASA Class Patient’s preoperative physical status

1 Normally healthy patient

2 Patient with mild systemic disease

3 Patient with severe systemic disease that is not incapacitating

4 Patient with an incapacitating systemic disease that is a constant threat to life

5 Moribund patient who is not expected to survive for 24 hours with or without operation

The American Society of Anesthesiologists (ASA) physical status classification is widely used as a
measure for intrinsic host susceptibility, with a higher score indicating an increased infection risk
(Table 2)."” An advantage of the ASA classification is that it is already available before the start
of surgery. A drawback is that it represents a subjective parameter, which might result in inter-

physician variations.'s

The length of operation has long been established as an important risk factor for SSIs.* In the
1980s, surgery lasting more than 2 hours was found to be an important risk factor for SSIs.*' Later,
the 75" percentile of the distributions of duration of surgery for each procedure seemed to be a
better predictor of infection.?? Exactly how prolonged surgery increases the risk for SSI remains

speculative, but it might be influenced by the experience of a surgeon, the complexity of the surgery,

or by complications during surgery.”

In 1991, the NNIS risk index was developed in America, which combines three risk factors.?? One
point is scored for each of the following when present:

1) American Society of Anesthesiologists (ASA) physical status classification of >2;

2) Either contaminated or dirty/infected wound classification;

3) Length of operation > 75" percentile of the specific operation.

For calculation of the NNIS risk index, PREZIES uses the 75" percentile of duration of surgery in

minutes per surgical procedure, which is computed from the PREZIES data.

Infection control

In the Netherlands in 1980, the Working Party on Infection Prevention (WIP) was founded to
stimulate infection prevention in the Netherlands. Professionals from three Dutch societies are
participating in the WIP: the Infectious Disease Society of the Netherlands, the Dutch Society
of Medical Microbiology, and the Society for Hygiene and Infection Prevention in Healthcare.
The WIP develops and publishes up-to-date, scientifically based guidelines for prevention of

healthcare-associated infections. The guidelines are meant to be a helping hand in the preparation
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of local guidelines. Regarding SSIs, a relevant guideline is ‘Prevention of postoperative wound

infections, which includes recommendations regarding:

* preoperative factors: preparation of the patient, hand/forearm antisepsis for surgical team
members, management of infected or colonized surgical personnel, administration of
antimicrobial prophylaxis;

* intraoperative factors: ventilation of the operating room, cleaning and disinfection of
environmental surfaces, microbiologic sampling, sterilization of surgical instruments, using
surgical attire and drapes, surgical technique;

« postoperative factor: incision care.

Surveillance of SSI

The first large nosocomial infection surveillance network was set up in America by the CDC in
1970, known as the National Nosocomial Infections Surveillance (NNIS) system.?* Currently, many
countries worldwide have a nosocomial infection surveillance system with methods and infection
definitions adopted from the American NNIS system. Nowadays, surveillance has been generally
accepted as a primary step toward prevention of nosocomial infections and thereby improvement

of patient safety.”

The American Institute for Healthcare Improvement developed a tool for testing changes in
healthcare.* The Plan — Do - Study - Act cycle is shorthand for testing a change by developing a plan
to test the change (Plan), carrying out the test (Do), observing and learning from the consequences
(Study), and determining what modifications should be made to the test (Act) (Figure 2). This tool

can also be used for surveillance of nosocomial infections.

rN
S

Figure 2. The Plan - Do - Study - Act cycle.
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For SSI surveillance within a national network, the steps might include the following aspects:

*  Plan: determine the included surgical procedures, the registration period, the goal regarding the SSI
incidence (e.g., below the national 25" percentile), and the data needed to be collected by whom.

* Do: carry out the surveillance according to the protocol and send the data to the national
nosocomial infection surveillance network.

* Study: use the received feedback report to compare the data with your predictions, and
summarize and reflect what you learned. Feed back the results to involved personnel.

* Act: determine what modifications should be made and prepare a new plan.

Critical components for a high-quality and successful nosocomial infection surveillance system,

both on national and on hospital level, are**’:

« Voluntary and confidential participation.

o A written plan with goals and objectives.

« Efficient use of limited resources.

o Standardized surveillance protocols and methods: using the same exact, concise, and
nonambiguous definitions and apply them consistently is essential for accurate infection rates
and reliable inter-hospital comparison.

* Risk-adjustment of infection rates: control for variation in case mix, underlying disease and
severity of illness at participating hospitals.

* Feed back of surveillance results: feed back of risk-adjusted and reliable infection rates to the
involved healthcare professionals may substantially affect their behavior and enable them to
take appropriate action, and may be the catalyst for organizational improvements.

Promoting factors are:

+ Close collaboration among all healthcare workers within the hospitals.

* Close collaboration and dedication of infection control professionals and of the network
team.

* Infection control professionals should be trained professionals that understand epidemiology
and surveillance.

o Computer support, information and technology services, and administrative support.

o Regular evaluation of the surveillance.

In summary, surveillance is the ongoing systematic collection, analysis, interpretation, and

feedback of data. After determination of baseline rates of nosocomial infections, changes in the

rates can be detected, e.g., to determine whether interventions were effective.

The structure of this thesis follows the steps of the Plan — Do - Study - Act cycle, with the methods
of the Dutch PREZIES network described in the ‘Plan-step. In the ‘Do-step; aspects regarding
the execution of surveillance are evaluated, namely validation and postdischarge surveillance.
Risk-adjustment, comparison of the Dutch and the German surveillance data, and the change in
SSI rate over time are discussed in the ‘Study-step. The ‘Act-step’ is used to describe the effect of

implementing the national guideline for antibiotic prophylaxis on the SSI rate.
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PLAN

Methods of the Dutch PREZIES network
In1996,thenationalnosocomialsurveillancenetwork PREZIES (‘PREventievan ZIEkenhuisinfecties
door Surveillance’) was set up in the Netherlands. It is a cooperation between the National Institute
for Public Health and the Environment (RIVM), the Dutch Institute for Healthcare Improvement
(CBO) and the participating Dutch hospitals. General goals of the PREZIES network are:

* Implement and maintain standardized surveillance of nosocomial infections to gain insight
into the national (change in) incidence of nosocomial infections, risk factors and pathogens
causing the infections. Furthermore, the surveillance data can support national policies.

* Generate comparable and accurate infection data so that hospitals can compare their infection
rates with the national data, which may support optimization of the infection prevention
policies in the hospitals.

* Create a basic infrastructure for intervention studies, which may support improvement in the
quality of care and patient safety.

In 1996, the PREZIES network started with an incidence module on SSIs.? Other modules were
developed later: incidence modules on SSIs after cardiac surgery, ventilator-associated pneumonia,
and central venous catheter-related sepsis, and a prevalence module on all nosocomial infections.
Participation in PREZIES is voluntary and confidential, and currently 90% of the 98 hospitals
in the Netherlands participate. The person in the hospital responsible for the execution of the
surveillance usually is the infection control professional. The participating hospitals should follow
the protocols, and use the definitions of the PREZIES network for all variables and infections. The
hospitals that participate in the SSI module, may choose the specific surgical procedures they want
to include in the surveillance. Each healthcare organization must tailor its surveillance system
to use limited resources optimally by taking into account population characteristics, outcome
priorities, and organizational objectives.
The SSI definition of PREZIES is based on the one developed by the American Centers for Disease
Controland Prevention, which was translated by the Dutch WIP. PREZIES made some specifications
to this definition, i.e., that clinical symptoms must always be present and that the diagnosis of the
surgeon or physician alone is not decisive. Acceptance of such a subjective diagnosis of a surgeon/
physician, without any clarification or diagnostics, jeopardizes the comparability of the data. The
diagnosis ‘SSI” by the surgeon/physician will not be ignored, but a foundation of arguments needs
to be inquired and should be reported. Furthermore, in PREZIES deep incisional SSIs and organ-
space SSIs are evaluated under the umbrella term ‘deep SSI, because in practice it is often difficult
to distinguish deep SSIs from organ-space SSIs. Figure 3 shows a decision tree for assigning a SSI
as published in a PREZIES brochure.

Participating hospitals collect data on putative determinants, based on international studies: age
(date of birth), sex, type of surgical procedure, wound contamination class, ASA classification,

duration of surgery, elective or acute procedure, administration of antimicrobial prophylaxis
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At least one of the following symptoms:
Pain or tenderness, localized swelling, redness, or heat

No Surgical Site Infection

NO

YES

YES YES

A

YES Stitch abscess or infected burn wound

Infection related to:
Skin or subcutaneous
tissue of the incision

Infection related to:
Deep soft tissues of the incision
(fascial and muscle layers)

Infection related to:
A part of the anatomy other than the incision (e.g., organs or
spaces) that has been opened or manipulated during surgery

v

v

v

Infection developed:

Infection developed:

Within 30 days
after surgery

- Within 30 days after surgery, if no non-human implant is left in place
- Within 1 year after surgery, if a non-human implant is left in place

v v v

- Purulent drainage from - Purulent drainage from deep incision or - Purulent drainage from drain or
incision or - Spontaneous wound dehiscence or wound - Positive culture of fluid or tissue in the

- Positive culture or opened by surgeon (unless wound culture is organ/space or

- Surgeon opens wound negative) or - Abscess or other sign of infection on
(unless wound culture is - Abscess or other sign of infection on direct direct observation, during re-operation,

negative) observation, during re-operation, or by or by histopathological or radiological
histopathological or radiological examination examination
Superficial SR Deep Surgical Site Infection
Surgical Site Infection (including organ/space infections)

Figure 3. Decision tree for assigning the diagnosis of a surgical site infection (Source: PREZIES brochure).

(yes/no), multiple procedures performed through same incision, whether a non-human implant
was left in place, and duration of hospitalization (date of admission, date of surgery, date of
discharge). In case of an SSI, the date and type of infection are registered. The recording of cultured
microorganisms is optional. Other optional variables that can be registered are obesity, method of
pre-operative hair removal, and whether a re-operation occurred at the same body side.

For each surveillance module, workshops are organized yearly by PREZIES to give information,
discuss positive and negative experiences, talk about possible infection prevention strategies, and

practice cases studies.
DO

Postdischarge surveillance and validation

Important aspects of SSI surveillance within the PREZIES network are the performance of
postdischarge surveillance and the ongoing validation of the surveillance.

According to the CDC definition, a SSI can develop until 30 days or 1 year (in case of a non-human
implant) after surgery. Because the duration of hospitalization of surgical patients is generally
shorter than 30 days, SSIs may develop after hospital discharge. The follow-up of patients after
discharge (‘postdischarge surveillance’) will result in more-accurate SSI rates.

In 1998, PREZIES developed a method for postdischarge surveillance (PDS)?'. PDS is voluntary,

and for each hospital is recorded if and how PDS is carried out. However, the number of SSIs found

18



Introduction

after discharge if hospitals performed PDS according to this method has not been investigated yet.
In Chapter 2 of this thesis, the method for PDS that is recommended by PREZIES is described.
Furthermore, the value of postdischarge surveillance is evaluated by showing the number of SSIs
that developed after discharge. This might give an indication of the surgical procedures with the
most SSIs recorded after hospital discharge, and thus with a high need for PDS.

To ensure the accurateness and reliability of the infection rates, the data and process of surveillance
should undergo periodic evaluation and validation. In PREZIES, voluntary on-site validation was
implemented in 1999, and validation has been mandatory for each participating hospital every three
years since 2002. As validation is very time-consuming, it is important to evaluate its usefulness.

Therefore, the method and value of the validation visits are studied in Chapter 3 of this thesis.

Procedure: femoropopliteal or femorotibial bypass (CTG code 33675 + 33676)
Number of hospitals: 37
Registration period: January 1, 2004 - December 31, 2005
Procedures Superficial Deep SSI Total SSIrate Expected* Procedures
No. SSI % (No.) % (95% CI) total SSI rate with
% (No.) % (95% CI) antimicrobial
prophylaxis %
Your hospital 106 5.7 (6) 38(4)  94(52-165) 52(23-112) 93
this period
Your hospital since 1996, 388 5.4 (21) 4.6 (18) 10.1(7.4-13.4) 5.1(3.3-7.8) 90
standard method PDS
National since 1996, 2280 2.9 (65) 22(50)  5.0(42-60) 5.0 (4.2-6.0) 80
standard method PDS

Your hospital since 1996, - - - - - -
no (standard method)

PDS

National since 1996, 1346 1.8 (24) 1.6(21) 3.3(25-44)  3.3(2.5-4.4) 83
no (standard method)

PDS

PDS: postdischarge surveillance

* Expected SSI rate is adjusted for NNIS risk index

Standard method PDS

. X o

+ 25th percentile

o 4 x 75h percentile
% 0 your hospital
$ 3

o

£

B

5 2

a

5

z 1

Figure 4. Example of a feedback report from PREZIES to the participating hospitals.
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STUDY

Risk adjustment of SSI surveillance results in feedback reports
Every time a hospital sends data to the PREZIES network, it receives a procedure-specific feedback
report, with its infection rates compared with the national rates. An example of a feedback report

for the SSI module is shown in Figure 4.

For comparison of SSI rates between hospitals or within a hospital over time, it is important to
correct for risk factors related to the patient, surgery or hospital. Nowadays, the NNIS risk index is
used for risk-adjustment of SSI surveillance data by many countries. However, recent studies have
shown that the NNIS index might not be the optimal risk score for all surgical procedures.' 2

In PREZIES, hospitals can compare their observed SSI rate with a predicted SSI rate, which is
calculated by using the NNIS index. In Chapter 4 of this thesis, we evaluate the accurateness of
the predicted SSI rates and assess whether the risk adjustment can be improved. For many surgical
procedures, we compare the predictive power of the NNIS index to new models including other

determinants.

Comparison of SSI surveillance between the Netherlands and Germany

There is an increasing interest in comparing SSI data, not only between hospitals within a country,
but also between countries. We as well wondered how patient safety in the Netherlands is related
to other countries. However, comparing countries is more difficult than hospitals within a country,
because the healthcare system and practices, type of hospitals, patient-mix, and reason for
participation in a national surveillance system are likely to vary between countries. A previous study
showed that the practice of the surveillance in the Netherlands (PREZIES) and Germany (KISS)
are comparable: their protocols are based on the American NNIS protocol using the definitions
developed by the CDC, participation is voluntary and confidential, the project is funded by the
Ministry of Health, and the networks are coordinated centrally by a multidisciplinary team.**
Therefore, in Chapter 5 of this thesis the SSI surveillance data of KISS and PREZIES are compared

regarding the patient and hospital characteristics and SSI rates for several surgical procedures

The time-trend in SSI rate

Already in 1985, Haley showed that SSI control programs could reduce hospitals” infection rates
by 32% if the programs included organized surveillance and control activities, a trained infection
control physician, one infection control nurse per 250 beds, and a system for reporting infection
rates to practicing surgeons.? Since then, the effect of surveillance in reducing SSI rates has been
demonstrated by others.*

Also for the Dutch PREZIES surveillance data, a reduction in SSI rate with longer participation
was shown by Geubbels.* She used SSI surveillance data from the period 1996-2000, and analyzed
the trend in SSI rates over seven pooled procedures as to increase power. The number of records
in the PREZIES database has more than doubled since. Therefore, in Chapter 6 of this thesis, we
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evaluate the time-trend in SSI rate in relation to the duration of surveillance, separately for five

frequently-performed surgical procedures, using data from 1996 to 2006.
ACT

Interventions that change infection control in the hospital can lead to improvements in the quality
of care and with that may reduce the number of nosocomial infections. A national network for
surveillance of nosocomial infections can serve as an infrastructure for intervention studies on
the quality of care. The PREZIES surveillance network contributed to a multi-center intervention
project to improve the quality of surgical prophylaxis. PREZIES provided the ‘patient outcome’
parameter, namely the occurrence of SSIs.

The goal of prophylactic antibiotics is to eradicate or inhibit the growth of contaminating
microorganisms such that SSIs can be avoided. An adequate concentration of antibiotic within
the serum and tissues during the period between incision and closure of the wound is necessary.
The efficacy of antimicrobial prophylaxis for preventing SSIs was established in the 1960s and has
since been demonstrated repeatedly.*** Proper administration of antimicrobial prophylaxis might
prevent 40% to 60% of SSIs.* The timing of the first administration is critically important and the
most common problem in antibiotic prophylaxis for SSIs.*! ¥ * Consensus guidelines state that
prophylactic antibiotics should be given within 60 minutes before incision to achieve therapeutic

levels,** ¢ and both early and late administration increase SSI rates.*

In 2000, the Dutch Working Party on Antibiotic Policy (SWAB) developed a guideline for
perioperative prophylaxis in Dutch hospitals.”” This guideline focuses on procedures that are
performed relatively often, those with a relatively high SSI risk, those for which the consequences
of a SSI would be severe and those for which the benefit of prophylaxis has been studied extensively.
The guideline recommends intravenous prophylaxis of an inexpensive non-toxic antibiotic with a
limited spectrum, which is not used extensively in therapy, administered within 30 minutes before
the first incision. For reasons of cost-effectiveness and prevention of induction of resistance,
single-dose prophylaxis is recommended, which has been proven as effective as multiple-dose

prophylaxis for most procedures*,

In 2000-2002, the Surgical Prophylaxis and Surveillance project (CHIPS) took place, in which
the adherence to local hospital guidelines for surgical prophylaxis was assessed, and the national
guideline issued by the SWAB was implemented. The aim of the CHIPS project was to improve
the quality of prophylaxis in Dutch hospitals and to promote prudent use while maintaining or
improving the efficacy of prophylaxis in reducing SSIs. This prospective multi-center intervention
study had a before-and-after design without a control group. Thirteen hospitals throughout the
Netherlands participated, which is 13% of all hospitals in the Netherlands. All hospitals participated
in the component “Surgical site infections” of the Dutch PREZIES network. The CHIPS study

was limited to frequently performed procedures for which antimicrobial prophylaxis is generally
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recommended* **: grafting of the aorta, femoropopliteal or femorotibial bypass, various colorectal
procedures, abdominal and vaginal hysterectomy with or without vaginal repair, total hip
arthroplasty and replacement of the head of the femur.

During the pre-intervention period, the antibiotic choice, duration, dose, dosing interval and
timing of the first dose were concordant with the hospital guideline in 92%, 82%, 89%, 43% and
50%, respectively. Adherence to all aspects of the guideline simultaneously, however, was achieved
in only 28%. After the pre-intervention period, every hospital received feedback of its own results
on the administration of antibiotic prophylaxis. Depending on the results, the intervention focused
on modification of local guidelines, guideline adherence or both.

Prophylaxis was completely administered according to the recommendations of the national
guideline in only 0.4% of the patients before the intervention, and in 25% after the intervention.
After the intervention, the antimicrobial use decreased from 121 to 79 defined daily doses per
100 procedures, costs were reduced by 25% per procedure, and antibiotic choice and duration
improved.”® However, the reduction in antibiotic use was not supposed to lead to a decreased
efficacy of prophylaxis, as measured by a higher SSI incidence. Therefore, in Chapter 7 of this
thesis the patient outcome of the optimized and restrictive antimicrobial prophylaxis policy is
assessed by comparing the SSI rate before and after the intervention.

SSIs after total hip arthroplasty are rare but severe, often leading to revision surgery and
impairment of short-term functional outcome, and resulting in a slight increase in mortality risk.””
It is the most-often registered type of surgical procedure within PREZIES. Most studies that have
analyzed risk factors for SSIs following total hip arthroplasty have mainly focused on patient,
procedure, or hospital characteristics.®*' However, prospective studies of the contribution of the
qualitative aspects of surgical prophylaxis to the prevention of SSIs following this procedure are
scarce. In Chapter 8, the contribution of prophylaxis process parameters to the incidence of SSI
for the population undergoing total hip arthroplasty is explored, with emphasis on the timing of

administration of prophylaxis.

22



Introduction

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE, Sexton DJ. The impact of surgical-site infections in the
1990s: attributable mortality, excess length of hospitalization, and extra costs. Infect Control Hosp Epide-
miol 1999;20(11):725-30.

Geubbels EL, Mintjes-de Groot AJ, van den Berg JM, de Boer AS. An operating surveillance system of sur-
gical-site infections in The Netherlands: results of the PREZIES national surveillance network. Preventie
van Ziekenhuisinfecties door Surveillance. Infect Control Hosp Epidemiol 2000;21(5):311-8.

Mangram A]J, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for Prevention of Surgical Site
Infection, 1999. Am ] Infect Control 1999;27(2):97-134 .

American Institute for Healthcare Improvement. PDSA-cycle. Available at http://www.ihi.org/THI/Topics/
Improvement/ImprovementMethods/HowToIlmprove/testingchanges.htm. (Accessed 1 April 2008).
Lister J. Antiseptic principle in the practice of surgery. Br Med ] 1967;2(5543):9-12.

Rubin RH. Surgical wound infection: epidemiology, pathogenesis, diagnosis and management. BMC In-
fect Dis 2006;6:171.

Hedrick TL, Anastacio MM, Sawyer RG. Prevention of surgical site infections. Expert Rev Anti Infect Ther
2006;4(2):223-33.

Altemeier WA, Culbertson WR, Hummel RP. Surgical considerations of endogenous infections--sources,
types, and methods of control. Surg Clin North Am 1968;48(1):227-40.

Boni L, Benevento A, Rovera F et al. Infective complications in laparoscopic surgery. Surg Infect (Larchmt)
200657 Suppl 2:5109-11.

Biscione FM, Couto RC, Pedrosa TM, Neto MC. Comparison of the risk of surgical site infection after la-
paroscopic cholecystectomy and open cholecystectomy. Infect Control Hosp Epidemiol 2007;28(9):1103-6.
PREZIES. Referentiecijfers postoperatieve wondinfecties. Available at http://www.prezies.nl/powi/ref_cij-
fers.html. (Accessed 1 April 2008).

Wille JC, de Boer AS. Risico op ziekenhuisinfecties gehalveerd door surveillance [in Dutch]. Kwaliteit in
Beeld 2003;13(1):3-5.

Geubbels ELPE, Genugten MLL, Wille JC, de Boer AS. Costs of surgical site infection. Thesis: Prevention
of Surgical Site Infections Through Surveillance 2002;Utrecht.

Kaye KS, Schmader KE, Sawyer R. Surgical site infection in the elderly population. Clin Infect Dis
2004;39(12):1835-41.

Kabon B, Nagele A, Reddy D et al. Obesity decreases perioperative tissue oxygenation. Anesthesiology
2004;100(2):274-80.

Latham R, Lancaster AD, Covington JF, Pirolo JS, Thomas CS. The association of diabetes and glucose
control with surgical-site infections among cardiothoracic surgery patients. Infect Control Hosp Epidemiol
2001;22(10):607-12.

Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status classifications: a study of consistency of ratings.
Anesthesiology 1978;49(4):239-43.

de Oliveira AC, Ciosak SI, Ferraz EM, Grinbaum RS. Surgical site infection in patients submitted to diges-
tive surgery: risk prediction and the NNIS risk index. Am J Infect Control 2006;34(4):201-7.

Salemi C, Anderson D, Flores D. American Society of Anesthesiology scoring discrepancies affecting the
National Nosocomial Infection Surveillance System: surgical-site-infection risk index rates. Infect Control
Hosp Epidemiol 1997;18(4):246-7.

Cruse PJ, Foord R. The epidemiology of wound infection. A 10-year prospective study of 62,939
wounds. Surg Clin North Am 1980;60(1):27-40.

Haley RW, Culver DH, White JW et al. The efficacy of infection surveillance and control programs in

23



Chapter 1

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

24

preventing nosocomial infections in US hospitals. Am J Epidemiol 1985;121(2):182-205.

Culver DH, Horan TC, Gaynes RP et al. Surgical wound infection rates by wound class, operative procedure,
and patient risk index. National Nosocomial Infections Surveillance System. Am ] Med 1991;91(3B):152S-
7S.

Wong ES. Surgical site infections. In: Mayhall CG. Hospital Epidemiology and infection control. 3rd edi-
tion. Philadelphia, USA: Lippincott Williams & Wilkins, 2004: 287-310.

Emori TG, Culver DH, Horan TC et al. National nosocomial infections surveillance system (NNIS): de-
scription of surveillance methods. Am J Infect Control 1991;19(1):19-35.

Pittet D, Harbarth S, Ruef C et al. Prevalence and risk factors for nosocomial infections in four university
hospitals in Switzerland. Infect Control Hosp Epidemiol 1999;20(1):37-42.

Lee TB, Montgomery OG, Marx J, Olmsted RN, Scheckler WE. Recommended practices for surveillance:
Association for Professionals in Infection Control and Epidemiology (APIC), Inc. Am ] Infect Control
2007;35(7):427-40.

Gaynes R, Richards C, Edwards J et al. Feeding back surveillance data to prevent hospital-acquired infec-
tions. Emerg Infect Dis 2001;7(2):295-8.

Jarvis WR. Benchmarking for prevention: the Centers for Disease Control and Prevention’s National No-
socomial Infections Surveillance (NNIS) system experience. Infection 2003;31 Suppl 2:44-8.

Ehrenkranz NJ, Shultz JM, Richter EL. Recorded criteria as a “gold standard” for sensitivity and specificity
estimates of surveillance of nosocomial infection: a novel method to measure job performance. Infect
Control Hosp Epidemiol 1995;16(12):697-702.

Taylor G, McKenzie M, Kirkland T, Wiens R. Effect of surgeon’s diagnosis on surgical wound infection
rates. Am J Infect Control 1990;18(5):295-9.

de Haas R, Mintjes-de Groot AJ, Geubbels ELPE, van den Berg JM]J, de Boer AS. Inventarisatie van surveil-
lance na ontslag in het PREZIES-project. Bilthoven, The Netherlands: National Institute for Public Health
and the Environment; Utrecht, The Netherlands: The Dutch Institute for Healthcare Improvement, 1998.
Geubbels EL, Grobbee DE, Vandenbroucke-Grauls CM, Wille JC, de Boer AS. Improved risk adjustment
for comparison of surgical site infection rates. Infect Control Hosp Epidemiol 2006;27(12):1330-9.

Rioux C, Grandbastien B, Astagneau P. The standardized incidence ratio as a reliable tool for surgical site
infection surveillance. Infect Control Hosp Epidemiol 2006;27(8):817-24.

Coello R, Gastmeier P, de Boer AS. Surveillance of hospital-acquired infection in England, Germany,
and The Netherlands: will international comparison of rates be possible? Infect Control Hosp Epidemiol
2001;22(6):393-7.

Gastmeier P, Geffers C, Brandt C et al. Effectiveness of a nationwide nosocomial infection surveillance
system for reducing nosocomial infections. ] Hosp Infect 2006;64(1):16-22.

Barwolff S, Sohr D, Geffers C et al. Reduction of surgical site infections after Caesarean delivery using
surveillance. ] Hosp Infect 2006;64(2):156-61.

Rodriguez JF, Trobo AR, Garcia MV et al. The effect of performance feedback on wound infection rate in
abdominal hysterectomy. Am J Infect Control 2006;34(4):182-7.

Greco D, Moro ML, Tozzi AE, De Giacomi GV. Effectiveness of an intervention program in reducing
postoperative infections. Italian PRINOS Study Group. Am ] Med 1991;91(3B):164S-9S.

Geubbels EL, Nagelkerke NJ, Mintjes-De Groot AJ, Vandenbroucke-Grauls CM, Grobbee DE, De Boer
AS. Reduced risk of surgical site infections through surveillance in a network. Int ] Qual Health Care
2006;18(2):127-33.

Terzi C. Antimicrobial prophylaxis in clean surgery with special focus on inguinal hernia repair with
mesh. ] Hosp Infect 2006;62(4):427-36.

Burke JE The effective period of preventive antibiotic action in experimental incisions and dermal lesions.
Surgery 1961;50:161-8.



Introduction

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Stone HH, Hooper CA, Kolb LD, Geheber CE, Dawkins EJ. Antibiotic prophylaxis in gastric, biliary and
colonic surgery. Ann Surg 1976;184(4):443-52.

Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL, Burke JP. The timing of prophylactic admini-
stration of antibiotics and the risk of surgical-wound infection. N Engl ] Med 1992;326(5):281-6 .

Tan JA, Naik VN, Lingard L. Exploring obstacles to proper timing of prophylactic antibiotics for surgical
site infections. Qual Saf Health Care 2006;15(1):32-8.

Bratzler DW, Houck PM. Antimicrobial prophylaxis for surgery: an advisory statement from the National
Surgical Infection Prevention Project. Am J Surg 2005;189(4):395-404.

ASHP Therapeutic Guidelines on Antimicrobial Prophylaxis in Surgery. American Society of Health-Sy-
stem Pharmacists. Am ] Health Syst Pharm 1999;56(18):1839-88.

van Kasteren ME, Gyssens IC, Kullberg BJ, Bruining HA, Stobberingh EE, Goris R]. [Optimizing antibio-
tics policy in the Netherlands. V. SWAB guidelines for perioperative antibiotic prophylaxis. Working Party
on Antibiotic Policy]. Ned Tijdschr Geneeskd 2000;144(43):2049-55.

Salam IM, Abu Galala KH, el Ashaal YI, Chandran VP, Asham NN, Sim AJ. A randomized prospective
study of cefoxitin versus piperacillin in appendicectomy. ] Hosp Infect 1994;26(2):133-6.

Jewesson PJ, Stiver G, Wai A et al. Double-blind comparison of cefazolin and ceftizoxime for prophylaxis
against infections following elective biliary tract surgery. Antimicrob Agents Chemother 1996;40(1):70-4.
Scher KS. Studies on the duration of antibiotic administration for surgical prophylaxis. Am Surg
1997;63(1):59-62.

Meijer WS, Schmitz PI, Jeekel J. Meta-analysis of randomized, controlled clinical trials of antibiotic prop-
hylaxis in biliary tract surgery. Br J Surg 1990;77(3):283-90.

McDonald M, Grabsch E, Marshall C, Forbes A. Single- versus multiple-dose antimicrobial prophylaxis
for major surgery: a systematic review. Aust N Z J Surg 1998;68(6):388-96.

Gillespie W] , Walenkamp G. Antibiotic prophylaxis for surgery for proximal femoral and other closed
long bone fractures. Cochrane Database Syst Rev 2001 ;(1):CD000244.

Wong ES. Surgical site infections. In: Mayhall CG. Hospital Epidemiology and infection control. 3rd edi-
tion. Philadelphia, USA: Lippincott Williams & Wilkins, 2004: 287-310.

van Kasteren ME, Kullberg BJ, de Boer AS, Mintjes-de Groot ], Gyssens IC. Adherence to local hospital
guidelines for surgical antimicrobial prophylaxis: a multicentre audit in Dutch hospitals. J Antimicrob
Chemother 2003;51(6):1389-96.

van Kasteren ME, Mannién J, Kullberg BJ et al. Quality improvement of surgical prophylaxis in Dut-
ch hospitals: evaluation of a multi-site intervention by time series analysis. ] Antimicrob Chemother
2005;56(6):1094-102.

Partanen J, Syrjala H, Vahanikkila H, Jalovaara P. Impact of deep infection after hip fracture surgery on
function and mortality. ] Hosp Infect 2006;62:44-9.

Ridgeway S, Wilson ], Charlet A, Kafatos G, Pearson A, Coello R. Infection of the surgical site after arthro-
plasty of the hip. J Bone Joint Surg Br 2005;87(6):844-50.

de Boer AS, Geubbels EL, Wille ], Mintjes-de Groot AJ. Risk assessment for surgical site infections fol-
lowing total hip and total knee prostheses. ] Chemother 2001;13(1):42-7.

Geubbels EL, Wille JC, Nagelkerke NJ, Vandenbroucke-Grauls CM, Grobbee DE, de Boer AS. Hospital-
related determinants for surgical-site infection following hip arthroplasty. Infect Control Hosp Epidemiol
2005;26(5):435-41.

Berbari EE, Hanssen AD, Dufty MC et al. Risk factors for prosthetic joint infection: case-control study. Clin
Infect Dis 1998;27(5):1247-54.

Horan TC, Gaynes RP, Martone W], Jarvis WR, Emori TG. CDC definitions of nosocomial surgical site
infections, 1992: a modification of CDC definitions of surgical wound infections. Infect Control Hosp Epi-
demiol 1992;13(10):606-8.

25






