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Many surgical procedures are performed each day in the
USA; in 2006 approximately 46 million procedures were
performed in inpatient hospital settings [1] and an additional
32 million were performed in ambulatory settings [2].
Surgical site infections (SSIs) are currently one of the most
common types of infections associated with care that patients
receive in healthcare facilities [3]. Approximately 300,000
SSIs occur each year in the USA [4] although this is likely to
be an underestimate because of the challenges around com-
plete ascertainment of these infections, especially for SSIs
that are diagnosed after hospital discharge or are sequelae of
procedures performed in the ambulatory setting. Estimates
of average attributable costs of SSI range from $10,433 to
$25,546 per infection (2005 and 2002 dollars, respectively),
with substantially higher costs associated with some types of
surgery [5—7]. The considerable impact of SSI on national
healthcare costs is incontrovertible.

In August of 2002, the Centers for Medicare and Medicaid
Services (CMS) and the Centers for Disease Control and
Prevention (CDC) established the Surgical Infection Project
(SIP) with the goal of improving SSI outcomes by increasing
adherence to evidence-based use of perioperative antimicro-
bial prophylaxis (AMP) [8]. A SIP multidisciplinary expert
panel selected these three performance measures for national
surveillance and quality improvement:

1. The proportion of patients who have parenteral antimi-
crobial prophylaxis initiated within 1 h before the surgi-
cal incision
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2. The proportion of patients who are provided a prophylac-
tic antimicrobial agent that is consistent with currently
published guidelines

3. The proportion of patients whose prophylactic antimicro-
bial therapy is discontinued within 24 h after the end of
surgery

The SIP expert panel chose to focus on subgroups of sur-
gical procedures with clear evidence-based benefits of AMP
including coronary artery bypass graft and other cardiac sur-
geries excluding transplantation, vascular surgery, colorectal
surgery, hip and knee arthroplasty, and abdominal and vagi-
nal hysterectomy. In 2003, this national initiative evolved
into the Surgical Care Improvement Project (SCIP) [9, 10],
an extension of SIP supported by multiple agencies and orga-
nizations that continued to focus on the three AMP measures
described above as well as three additional SSI prevention
processes:

4. No hair removal or hair removal with clippers or a depila-
tory agent (i.e., avoidance of shaving) at the surgical site

5. Control of blood glucose during the immediate postopera-
tive period for patients undergoing cardiac surgery (i.e., glu-
cose of <200 mg/dL at 6AM on postoperative days 1 and 2)

6. Maintenance of perioperative normothermia among
patients with anesthesia duration of at least 60 min

Because the overall goal of the SCIP was to reduce pre-
ventable surgical morbidity and mortality, some additional
process measures focused on improving non-SSI outcomes
were also included:

7. Surgery patients on beta-blocker therapy prior to arrival
who received a beta-blocker during the perioperative period

8. Surgery patients who received appropriate venous throm-
boembolism prophylaxis within 24 h prior to surgery to
24 h after surgery

9. Surgery patients with urinary catheters removed on post-
operative day 1 or postoperative day 2
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Table 11.1 Surgical Care Improvement Project (SCIP) measures

SCIP

performance

measure Performance measure description

SCIP Inf-1 Prophylactic antibiotic started within 1 h prior to
surgical incision

SCIP Inf-2 Received prophylactic antibiotic consistent with
recommendations

SCIP Inf-3 Prophylactic antibiotics discontinued within 24 h
after surgery end time

SCIP Inf-4 Cardiac surgery patients with controlled
postoperative blood glucose

SCIP Inf-6 Surgery patients with appropriate hair removal

SCIP Inf-9 Urinary catheter removed on postoperative day 1
or postoperative day 2 with day of surgery being
day zero

SCIP Inf-10 Surgery patients with perioperative temperature
management

SCIP Card-2 Surgery patients on beta-blocker therapy prior to
arrival who received a beta-blocker during the
perioperative period

SCIP VTE-2 Surgery patients who received appropriate venous
thromboembolism prophylaxis within 24 h prior
to surgery to 24 h after surgery

These SCIP measures (Table 11.1) were supported by a
number of quality improvement organizations and endorsed
by the National Quality Forum.

CMS and The Joint Commission provided the infrastruc-
ture for voluntary reporting of SCIP measures by hospitals.
As part of the Deficit Reduction Act of 2005, CMS was
required to collect hospital-reported performance measures
and to make this information available to the public [11].
Although reporting of SCIP measure adherence by hospitals
to CMS continued to be voluntary, hospitals that did not
report these process measures did not receive their annual
2% CMS market basket reimbursement updates. Hospital-
specific SCIP adherence rates were also made accessible to
the public on the CMS Hospital Compare website [12]. The
Patient Protection and Affordable Care Act of 2010 further
accelerated implementation of the CMS Value-Based
Purchasing (VBP) and Hospital-Acquired Conditions (HAC)
Reduction programs, pay-for-performance programs with
substantial potential to impact hospitals’ Medicare reim-
bursement levels [13, 14]. Adherence to the SCIP measures
along with other quality metrics was used to determine hos-
pitals’ VBP scores starting in 2013.

Evidence to Support the SCIP Measures
Perioperative Antimicrobial Prophylaxis
The evidence to support the impact of appropriate choice of

antimicrobial agent(s) used for antimicrobial prophylaxis
(AMP) and the importance of the timing of the start of AMP

administration have been summarized in other publications
including the “Clinical practice guidelines for antimicrobial
prophylaxis in surgery” that was jointly developed by the
American Society of Health-System Pharmacists (ASHP),
the Infectious Diseases Society of America (IDSA), the
Surgical Infection Society (SIS), and the Society for
Healthcare Epidemiology of America (SHEA) [15].

1. Choice of AMP Agent(s)

The antimicrobial agent(s) selected for SSI prophylaxis
should have activity against the most common SSI organisms
associated with the specific surgical procedure. In addition,
fundamental AMP principles include using an antimicrobial
agent with the narrowest spectrum of activity required for SSI
prevention in order to minimize the risk of adverse conse-
quences resulting from impact on the patient’s native micro-
bial flora, including the emergence of multidrug-resistant
organisms and infection due to Clostridium difficile. Overall,
the most common organisms associated with SSI following
clean procedures continue to be Staphylococcus aureus and
coagulase-negative staphylococci [16], and therefore recom-
mended AMP regimens for most surgical procedures include
an antistaphylococcal agent such as cefazolin. Because organ-
isms that lead to SSI are those that are likely to contaminate
the operative bed during the course of the procedure, proce-
dure-specific AMP regimens recommended by SCIP also
include agents with activity against other organisms that most
commonly contaminate the operative field (e.g., antistaphylo-
coccal, Gram-negative, and anaerobic coverage for colon sur-
gery to cover bowel flora) [15].

2. Timing of the Start of AMP Administration

In order to optimize the impact of AMP, serum and tissue
concentrations exceeding the minimal inhibitory concentra-
tions of the agent(s) being used should be achieved prior to
the initial surgical incision (i.e., before contamination
occurs). Support for the importance of the SCIP recommen-
dation to begin administering the first dose of the AMP
agent(s) within 60 min prior to the initial surgical incision (or
within 120 min before incision for antimicrobial agents with
longer infusion times such as vancomycin and fluoroquino-
lones) is mainly based on observational study data, including
the study by Classen et al. that assessed SSI outcomes for
patients who underwent a variety of surgical procedures and
found SSI rates to be significantly lower for patients who
received AMP starting within 2 h before surgical incision
compared to any time after incision (0.59% vs. 3.3%) [17].
When the results were stratified according to the timing of
the start of prophylaxis administration in relation to incision
time, a statistically significant trend was observed
demonstrating increasing risk of SSI with each successive
hour that the start of AMP was delayed. Although some
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studies have demonstrated lower SSI rates associated with
shorter time intervals between the start of AMP and start of
surgery (e.g., within 30 min prior to incision) [18, 19], the
generalizability of those results is unresolved.

3. Minimize the Duration of AMP

Studies assessing the impact of varying durations of AMP
strongly indicate that continuation of AMP after incision clo-
sure is not associated with added benefit compared with
receipt of AMP limited to the procedure duration. Prolonged
AMP administration, however, has been associated with
adverse consequences including the emergence of resistant
organisms [20] and increased risk for Clostridium difficile
infection [21]. Although minimizing the duration of AMP is
unlikely to impact patients’ SSI risk, adherence to this antimi-
crobial stewardship-focused recommendation is important to
reduce the risk of unintended adverse consequences associ-
ated with unnecessary exposure to antimicrobial agents.

Hair Removal Technique

There is limited high-quality data addressing the impact of
hair removal or hair removal techniques on SSI risk.
Theoretically, shaving using razors may lead to microabra-
sions of the skin that can increase the bioburden of microor-
ganisms and therefore the risk for subsequent development
of SSI. A Cochrane systematic review [22] demonstrated no
significant difference in SSI risk between patients who were
shaved and those who had no hair removal (relative risk of
1.75, 95% confidence interval 0.93-3.28) but did find a sig-
nificantly higher risk of SSI associated with shaving com-
pared with hair removal using clippers (relative risk of 2.03,
95% confidence interval 1.14-3.61). Although the evidence
is limited, these results have been used to support the SCIP
recommendation for no hair removal or, if hair removal is
needed to perform the procedure, to avoid use of razors.

Perioperative Glucose Control

Although SCIP measures focus on blood glucose control in
patients undergoing cardiac surgery during the immediate
postoperative period [23, 24], beneficial impact of glucose
control has also been demonstrated for patients undergoing
other types of operative procedures [25-29]. Both the SHEA/
IDSA “Strategies to prevent surgical site infections in acute
care hospitals: 2014 update” [30] and the recently revised
Healthcare Infection Control Practices Advisory Committee
(HICPAC) “Guideline for prevention of surgical site infec-
tions, 2017 [31] recommend perioperative glycemic control
for diabetic and nondiabetic patients undergoing cardiac and

noncardiac procedures. Guideline recommendations regarding
blood glucose target levels typically range from <180 to <200.
Studies comparing these blood glucose targets to stricter glu-
cose targets (e.g., 80—100 mg/dL or 80-130 mg/dL) suggest
that tighter glucose control does not significantly improve SSI
risk compared to standard glucose control [32, 33].

Normothermia

High-quality, randomized controlled trial results suggest that
maintenance of perioperative normothermia reduces SSI risk
for a variety of surgical procedures [34, 35]. The most effec-
tive strategies and temperature targets needed to optimize
benefit are unclear based on existing literature although
some practice guidelines [30, 36] recommend maintaining a
temperature of >36° or >35.5°.

Did the SCIP Improve SSI Outcomes?

Despite evidence-based support for the beneficial impact of
individual SCIP measures on SSI risk and despite national
data demonstrating improved adherence to SCIP measures
over time, a clear association between adherence to SCIP
measures and improvements in SSI outcomes has been dif-
ficult to demonstrate [37, 38]. A retrospective cohort study
from an inpatient administrative database (Premier, Inc’s
Perspective Database) that included information from dis-
charges between July 1, 2006, and March 31, 2008, for over
400,000 patients used administrative data to identify surgical
patients with probable SSI using an algorithm based on dis-
charge diagnosis codes. The investigators assessed the asso-
ciation between risk of SSI and adherence to individual and
composite SCIP measures [39]. Although adherence mea-
sured through a global all-or-none composite infection-
prevention score was associated with a lower probability of
developing a postoperative infection, adherence to individual
SCIP measures was not significantly associated with SSI
risk. Limitations of this study included dependence on
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes to identify patients
with SSI and restriction of these discharge codes to the hos-
pitalizations when the surgical procedures took place (i.e.,
no readmission data); this may have substantially limited SSI
ascertainment since many SSIs are diagnosed after hospital
discharge [40]. A retrospective cohort study by Hawn et al.
used National Veteran’s Affairs SCIP adherence data and
SSI outcomes collected through the Veteran’s Affairs
Surgical Quality Improvement Program to assess the
relationship between SCIP adherence and SSI risk. They
found that although adherence to all SCIP measures signifi-
cantly improved between 2006 and 2009, risk-adjusted SSI
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rates remained unchanged, and SCIP adherence was not
associated with lower SSI risk at the hospital level [41].

Why Is It So Challenging to Demonstrate
a Significant Impact on SSI Risk?

There are a number of possible reasons for the apparent lim-
ited impact of improvements in adherence to SCIP measures
on national SSI rates.

1. Some SCIP measures were not designed to impact SSI
risk.

As discussed, the goal of the SCIP program was to
improve postoperative outcomes, and several of the SCIP
measures are focused on non-SSI complications. For exam-
ple, limiting the duration of AMP would not be expected to
reduce an individual patient’s SSI risk. The goal was instead
to prevent the emergence of multidrug-resistant organisms
and other complications of unnecessary exposure to antimi-
crobial agents through improved antimicrobial stewardship.
Other SCIP measures are focused on preventing cardiac and
venous thromboembolism-associated complications and
catheter-associated urinary tract infections.

2. Adherence to many of the SCIP measures quickly became
“topped oft.”

Hospitals attained high adherence to many of the SCIP
measures shortly after SCIP implementation, and by 2009
national adherence rates exceeded 90% for all SCIP mea-
sures [12]. Because of this, further incremental improve-
ments in adherence rates were unlikely to result in substantial
improvements in SSI outcomes [42].

3. Reported adherence may not always reflect true practice.

Because CMS relied on self-reporting of SCIP adherence
rates by hospitals with minimal data validation and because
of pressure on hospitals to demonstrate good performance on
publicly reported measures, the potential exists for “gaming”
the system by inflating self-reported adherence rates.

4. SCIP recommendations may not be nuanced enough to
impact outcomes.

Although AMP has been shown to reduce SSI risk for a
wide variety of surgical procedures, it is possible that the spe-
cific aspects of AMP that are highlighted by SCIP were not
nuanced enough to optimize impact. For example, although a
menu of AMP choices for procedure categories was provided
by the SCIP [43], a hospital’s specific distribution of antimi-

crobial resistance (i.e., the hospital’s “antibiogram”) may
suggest the need for broader or differing coverage than that
recommended by the SCIP technical expert panel.

The effectiveness of AMP also depends on achieving ade-
quate antimicrobial concentrations throughout the period of
risk when the surgical incision is open. In order to achieve
this, weight-based dosing may be required for some antimi-
crobial agents, including commonly used antimicrobials
such as cefazolin and vancomycin. In addition, re-dosing of
AMP agents for long surgical procedures is likely to be
important for sustaining the protective effect of AMP during
the period of risk [15]. Data from some studies suggest that
repeat dosing of AMP agents for procedures lasting more
than approximately two half-lives of the agent(s) is associ-
ated with lower SSI risk compared to procedures without re-
dosing [18].

5. SCIP recommendations may constitute minimal require-
ments, but additional SSI prevention strategies may be
needed for further improvements in outcomes.

The practices highlighted by SCIP may reflect minimum
requirements for SSI prevention, but optimizing SSI preven-
tion may require adherence to one or more additional inter-
ventions. Some of these interventions are discussed below
(Table 11.2).

Preoperative Skin Preparation Using a Long-

Acting Antiseptic Agent Plus Alcohol

A systematic review by Kamel et al. [44] included data from
five randomized controlled trials, two cohort studies, and
two case-control studies, including a randomized controlled
trial [45] that compared the impact of chlorhexidine-alcohol
versus povidone-iodine for preoperative skin preparation
prior to clean-contaminated surgical procedures and
demonstrated significantly lower SSI risk for patients ran-
domized to receive skin preparation with chlorhexidine-alco-
hol. The overall conclusion of this systematic review was
that conclusive evidence demonstrating the benefit of one

Table 11.2 Examples of supplemental surgical site infection preven-
tion strategies

Use an antiseptic that includes a long-acting agent plus alcohol for
preoperative skin preparation

Administer preoperative oral antimicrobial prophylaxis to patients
undergoing colorectal surgery

Use hemodynamic goal-directed therapy

Use supplemental oxygenation for patients with normal pulmonary
function who undergo general anesthesia with endotracheal
intubation

Screen patients for Staphylococcus aureus (SA) carriage and
decolonize SA carriers for selected surgical procedures

Implement surgical site infection prevention bundles
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skin preparation agent over another was lacking but that this
should be a high priority topic for further research. A
Cochrane systematic review and meta-analysis evaluating
the impact of preoperative skin antiseptics on SSI prevention
following clean procedures also concluded that there was
insufficient evidence to recommend the use of one preopera-
tive skin preparation agent over another, but in a mixed treat-
mentcomparison, meta-analysis found thatalcohol-containing
products had the highest probability of being effective [46].

Administering Preoperative Oral Antimicrobial
Prophylaxis to Patients Undergoing Colorectal
Surgery

For patients undergoing colorectal surgery, the utility of pre-
operative oral antimicrobial agents with or without preopera-
tive mechanical bowel preparation remains controversial.
Interpreting the results of studies on this topic is challenging
because of lack of clarity around the impact of the interac-
tion between mechanical bowel preparation and oral antimi-
crobial prophylaxis on SSI risk. The results of a Cochrane
systematic review and meta-analysis showed no significant
difference in SSI risk between patients who did and did not
receive mechanical bowel preparation prior to colorectal sur-
gery [47], supporting the NICE surgical site infection guide-
line recommendation to not use mechanical bowel
preparation routinely as a strategy to reduce the risk of surgi-
cal site infection for colorectal surgery [36]. Despite this,
preoperative mechanical bowel preparation is still commonly
favored by colorectal surgeons [48]. Among patients who
undergo mechanical bowel preparation, receipt of preopera-
tive oral antimicrobial agents, usually consisting of oral neo-
mycin plus erythromycin or metronidazole given two or
three times during the day prior to surgery, has been associ-
ated with significant reductions in SSI risk following colorec-
tal surgery [49, 50]. Most studies demonstrating improved
SSI outcomes associated with oral antimicrobial prophylaxis
also utilized mechanical bowel preparations, making it diffi-
cult to extrapolate results to patients who receive oral AMP
without mechanical bowel preparation prior to colorectal
surgery. Overall, study results suggest a benefit to preopera-
tive oral antimicrobial prophylaxis when provided in con-
junction with mechanical bowel preparation.

Hemodynamic Goal-Directed Therapy

A systematic review and meta-analysis by Dalfino et al. [51]
evaluated the impact of hemodynamic goal-directed therapy
on SSI risk. Goal-directed therapy was defined as periopera-
tive monitoring and manipulation of hemodynamic parame-
ters to reach normal or supraoptimal values by fluid infusion
alone or in combination with inotropic therapy within 8 h
after surgery. In this meta-analysis of 18 randomized con-
trolled trials, standard therapy was associated with signifi-
cantly higher SSI risk compared with goal-directed therapy

(odds ratio of 5.8, 95% confidence interval 0.46-0.74).
Hemodynamic goal-directed therapy is a component of
“Enhanced Recovery After Surgery” protocols (see below).

Supplemental Oxygenation

Although studies evaluating the impact of supplemental oxy-
genation on SSI risk have had varying results, overall they
provide support for the benefit of administering increased
fraction of inspired oxygen (FiO2) both intraoperatively and
post-extubation in the immediate postoperative period for
patients with normal pulmonary function who undergo gen-
eral anesthesia with endotracheal intubation. Benefit was
seen in studies in which normothermia and adequate volume
replacement were monitored and maintained [52, 53, 54],
suggesting the importance of optimizing parameters needed
to ensure tissue oxygen delivery in order to maximize the
impact of supplemental oxygenation on SSI prevention.

Preoperative Staphylococcus aureus Screening

and Decolonization

A number of recent studies have assessed the impact of a
variety of strategies that include Staphylococcus aureus (SA)
decolonization, including a randomized controlled trial per-
formed in the Netherlands in which patients were screened
for SA carriage on hospital admission and patients found to
be SA carriers were then randomized to receive either 5 days
of intranasal mupirocin and chlorhexidine bathing or pla-
cebo. In this study, SA carriers who received intranasal
mupirocin and chlorhexidine bathing had significantly lower
SSI risk [55]. A systematic review and meta-analysis evalu-
ating studies that assessed the effectiveness of nasal SA
decolonization and inclusion of a glycopeptide for AMP on
SSIrisk for patients undergoing cardiac surgery and orthope-
dic total joint replacement surgery concluded that a bundled
intervention including nasal decolonization for all SA carri-
ers and glycopeptide prophylaxis for methicillin-resistant
SA (MRSA) carriers may decrease rates of SSI caused by
SA or other Gram-positive bacteria [56]. A subsequent pro-
spective, observational multicenter study involving patients
who underwent cardiac surgery and hip or knee replacement
procedures demonstrated that a bundled intervention that
included preoperative SA screening, decolonization of SA
carriers with intranasal mupirocin and topical chlorhexidine,
and targeted addition of vancomycin to cefazolin or cefurox-
ime AMP for MRSA carriers was associated with a signifi-
cantly lower deep incisional and organ/space SSI risk (rate
ratio 0.58, 95% confidence interval 0.37-0.92) [57].

SSI Prevention Bundles

During recent years, there has been increasing interest in
using bundled protocols to prevent healthcare-associated
infections. A “bundle” is usually defined as a grouping of
evidence-based practices that individually improve care.
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Central line-associated bloodstream infection (CLABSI)
prevention bundles, for example, have been shown to result
in significant improvements in CLABSI outcomes [58].
Some examples of SSI prevention bundles that merit atten-
tion are discussed below.

1. Surgical Safety Checklist

Haynes et al. in collaboration with the World Health
Organization evaluated a Surgical Safety Checklist in a mul-
tinational, multicenter observational study. Their checklist
consisted of questions assessing adherence to practices
aimed at preventing surgical complications. The checklist
questions were administered at three perioperative time
points (before induction of anesthesia, before skin incision,
and before patient left the operating room). Implementation
of the checklist was associated with significant improve-
ments in SSI and mortality rates in a before-after comparison
[59].

2. Other SSI Prevention Bundles

A variety of other SSI prevention bundles have been eval-
uated. These typically include SCIP-recommended practices
in addition to varying combinations of supplemental prac-
tices including many of those discussed above. A systematic
review and meta-analysis by Tanner et al. assessed the impact
of SSI prevention bundles for colorectal surgery using results
from 13 studies and concluded that the use of evidence-based
surgical care bundles significantly reduced the risk of SSI
compared with standard care (risk ratio of 0.55, 95% confi-
dence interval of 0.39-0.77) [60].

3. Enhanced Recovery After Surgery

The use of a bundle of perioperative practices aimed at
improving surgical recovery following colorectal procedures
referred to as Enhanced Recovery After Surgery (ERAS) has
been gaining support in the surgical community based on a
growing body of literature suggesting beneficial impact of
ERAS bundles on postoperative outcomes, including SSI
[61-64]. ERAS protocols typically include administration of
a carbohydrate beverage prior to surgery, avoidance of seda-
tives, goal-directed fluid administration, multimodal pain
control minimizing the use of narcotics, and postoperative
immediate diet and mobilization. ERAS protocols have been
implemented with and without additional bundles of prac-
tices specifically aimed at SSI prevention. For example, a
study by Keenan et al. evaluated sequential implementation
of an ERAS pathway followed by a SSI prevention bundle
and found that introduction of the ERAS pathway alone
resulted in reduced length of stay and improved superficial

and organ/space SSI rates, while subsequent addition of an
SSI bundle that included mechanical bowel preparation with
oral antibiotics, preoperative chlorhexidine cleansing of
patient, chlorhexidine-alcohol preoperative skin preparation,
standardized AMP, maintenance of euglycemia and normo-
thermia, fascial wound protectors, gown and glove change
prior to fascial and skin closure, and a dedicated wound clo-
sure tray led to further significant reductions in SSI and sep-
sis rates [65].

The impact of SSI bundles likely depends on adherence to
bundle elements, and some studies demonstrated that the
number of bundle processes that were adhered to correlated
with patients” SSI risk, suggesting an additive effect for each
SSI prevention element [66].

Change of Focus from Process to Outcome
Measures Used for Pay for Performance

Over the past several years, CMS’s approach to assessing the
quality of care provided by hospitals has undergone a major
shift in focus from process to outcome measures. In the area
of SSI prevention, the shift toward focus on SSI outcomes
was reflected by a change in CMS reimbursement practices
implemented in October of 2008 in which CMS ceased addi-
tional payment for hospital-acquired conditions not present
on admission (POA), including some specific types of SSI
[67]. Beginning in 2012, acute care hospitals were required to
either report SSI outcomes following abdominal hysterec-
tomy and colon surgery in addition to other healthcare-
associated infection outcomes to CMS as part of the Hospital
Inpatient Quality Reporting Program or receive a 2% penalty
on Medicare reimbursement. As part of the CMS HAC
Reduction program, beginning in fiscal year 2016, CMS
reimbursement was tied to hospital performance around SSI
and other healthcare-associated infection outcomes. Hospitals
with HAC scores that fall within the lowest-performing quar-
tile are subject to a 1% loss in total Medicare inpatient pro-
spective payment system (IPPS) reimbursement [68].

Metrics used to determine a hospital’s VBP score are
divided into domains that include clinical process of care
(including the SCIP measures), patient experience, and out-
come measures (including SSI outcomes following colon
surgery and abdominal hysterectomy procedures). In fiscal
year 2013, process of care measures accounted for 70% of a
hospital’s VBP score, but by fiscal year 2016, process of care
measures accounted for only 20% of VBP scores compared
to a 40% weight for outcome measures. Starting in fiscal
year 2017, VBP will no longer include SCIP process of care
measures. By fiscal year 2017, a hospital’s VBP performance
will have the potential to result in forfeit of up to a 2% with-
hold in Medicare IPPS base operating payments.
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Limitations of SSI Outcome Measures for Pay
for Performance

Although judging the performance of hospitals based on SSI
outcomes makes intuitive sense since the goal of quality
improvement efforts is ultimately to prevent postoperative
complications, utilizing SSI outcomes as pay-for-
performance metrics has led to a number of major
challenges.

SSI Surveillance Relies on Subjective
Interpretation of Medical Information and Is
Vulnerable to Gaming

There are a number of studies that demonstrate substantial
variation in the completeness of SSI data reported by hospi-
tals [69, 70]. Even when using standardized CDC National
Healthcare Safety Network (NHSN) surveillance definitions
[71], application of SSI surveillance definitions requires
some subjective interpretation of clinical information. For
example, assessing the presence of “purulent drainage,” a
criterion for both deep incisional and organ/space SSIs,
requires both highly subjective interpretation of the quality
of drainage material and documentation in the medical
record. Some SSI criteria also depend on provider practices
that may vary between hospitals; for example, facilities that
are more aggressive about aspirating and culturing postop-
erative intra-abdominal fluid collections are more likely to
fulfill microbiology-based SSI criteria.

Ascertainment of SSI diagnosed after hospital discharge
can be particularly challenging, especially for postoperative
infections diagnosed and treated solely in the ambulatory
setting or SSI diagnosed and treated at healthcare facilities
other than the hospital where the original surgical procedure
took place. The proportion of patients with SSI who are read-
mitted to the same hospital where the index surgery took
place can vary considerably among healthcare facilities, and
this can impact the completeness of SSI ascertainment and
relative ranking of hospitals based on SSI outcomes [72].

Surveillance Bias and Accessibility to Data

The completeness of hospitals’ SSI ascertainment is highly
dependent on the intensity of resources focused on SSI sur-
veillance. Healthcare facilities with robust electronic health
records or surveillance processes that effectively utilize auto-
mated medical data will be more likely to capture informa-
tion that can be used to determine the presence of
postoperative infections. These hospitals are therefore likely
to report more SSI events than healthcare facilities with lim-
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ited access to electronic health data and can be erroneously
characterized and penalized as poor performers. Variability
in infection preventionist access to electronic surveillance
systems is reflected in the finding by Stone et al. that only
34.3% of NHSN facilities reported using an electronic sur-
veillance system for identifying healthcare-associated infec-
tions [73]. In addition, SSI surveillance is resource intensive,
requiring review of a broad range of clinical information in
order to apply surveillance definitions, and the effort avail-
able for surveillance can vary substantially between facili-
ties, affecting the completeness of SSI ascertainment [74].

Using SSI Outcomes to Judge the Performance
of Hospitals Requires Adequate Risk
Adjustment

In order to meaningfully compare hospitals’ SSI outcomes,
adequate risk adjustment is critically important in order to
take account of intrinsic differences in patient risk factors
that are not modifiable through improvements in hospitals’
practices. Currently, the standardized infection ratio for
complex SSI used for CMS submission utilizes only a small
number of variables for SSI risk adjustment. For example,
for patients undergoing colon surgery and abdominal hys-
terectomy procedures, only age, gender, body mass index,
American Society of Anesthesiologists (ASA) score, pres-
ence or absence of diabetes, and wound closure technique
are included in the logistic regression model used for risk
adjustment [75]. Other potentially important risk factors
including medical comorbidities that increase SSI risk
(e.g., active malignancies) are not currently taken into
account, and hospitals with more complex patient popula-
tions at higher intrinsic risk for SSI may be more likely to
receive lower performance rankings and to incur financial
penalties. The possibility of inadequate risk adjustment
was highlighted in a recent study examining Medicare fis-
cal year 2015 payments that found that major teaching hos-
pitals were four times more likely to receive the HAC
Reduction penalty compared to nonteaching hospitals [76].

Outcome Measures Are Challenging to Apply
to Small-Volume Hospitals

Because SSIs are relatively rare events and because of limi-
tations in the stability and reliability of SSI outcome mea-
sures for hospitals that perform relatively few surgical
procedures, SSI data for all hospitals with <1 expected SSI
per year based on procedure volume are excluded from met-
rics contributing to that hospital’s HAC score and ranking.
Based on CMS Hospital Compare data, this meant that SSI
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outcome measures from over 30% of hospitals performing
colon surgery and over 60% of hospitals performing abdomi-
nal hysterectomy procedures were excluded from metrics
used to determine those hospitals’ HAC scores during the
performance period of April 2014 through March 2015 [77].
This is problematic for a number of reasons. First, it means
absence of SSI performance measures for a large proportion
of hospitals that perform the targeted surgical procedures.
Secondly, there is evidence that hospitals that perform a
lower volume of surgical procedures may have higher post-
operative complication rates [78—80]; this means that the
hospitals that are most likely to benefit from SSI-related
quality improvement efforts are excluded from submitting
SSI metrics and that some larger-volume hospitals may con-
sequently receive undeserved financial penalties. The study
by Kahn et al. described above found that hospitals with 400
or more beds were almost twice as likely to receive the HAC
penalty and more than twice as likely to be penalized under
VBP compared to hospitals with fewer than 100 beds [76].

The limitations of using SSI outcome measures for inter-
hospital comparisons are underscored by studies that suggest
that hospitals’ performance around healthcare-associated
infection metrics may not adequately reflect the quality of
care provided. A study by Rajaram et al. evaluated hospitals
that were penalized based on HAC Reduction program per-
formance data used for fiscal year 2015 assessments and
examined the association between those hospitals’ HAC
scores and other quality metrics. The investigators found that
hospitals that were penalized under the HAC program were
more likely to have quality accreditations, to offer advanced
services, to be major teaching institutions, and to have better
performance on other process and outcome measures, sug-
gesting a disconnect between hospitals’ HAC scores and the
quality of care provided [81].

Going Forward: Back to the Future?

CMS incentives and penalties have the potential to exert
powerful motivating forces on hospital decision-makers and
can result in major changes in prioritization of hospital
resources. For this reason, thoughtful alignment of incen-
tives and penalties with performance metrics that are likely
to promote adherence to processes that result in improved
patient outcomes is critically important. As discussed above,
CMS is in the process of transitioning from using process
measures to outcome measures as pay-for-performance SSI
metrics. Limitations around the ability to standardize appli-
cation of SSI surveillance definitions and methods and to
adequately risk adjust SSI outcomes may unfairly penalize
some high-performing hospitals with robust surveillance
processes or complex, intrinsically high-risk patients and
excludes low-volume hospitals from evaluation. For these

reasons, investing research into improving our ability to per-
form adequate SSI outcome risk adjustment is essential.

Until these challenges are resolved, it may also be worth
considering shifting the focus of pay-for-performance pro-
grams back toward SSI process measures. In order to opti-
mize the impact of SSI process of care measures, it will be
important to choose processes that are evidence-based and
that augment fundamental SSI prevention practices already
in place at most hospitals, to consider procedure-specific
modifications of recommendations, and to take into consid-
eration the additive effects of bundled approaches to SSI
prevention.

Importantly, our ability to prevent SSI is limited by gaps
in our understanding about which perioperative practices,
individually or in combination, are most likely to impact SSI
risk. We also have limited insight into about how best to
implement and sustain adherence to those practices that have
been shown to be effective. In order to optimize national
efforts to improve surgical outcomes, it will be essential to
allocate adequate financial resources to support high-quality
SSI prevention research.
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