
Statewide Longitudinal Progression of the
Whole-Patient Measure of Safety in South Carolina

Christine B. Turley · Jordan Brittingham · Aunyika Moonan · Dianne Davis · Hrishikesh Chakraborty

ABSTRACT

Meaningful improvement in patient safety encompasses a vast number of quality metrics, but a single measure to represent the overall

level of safety is challenging to produce. Recently, Perla et al. established the Whole-Person Measure of Safety (WPMoS) to reflect the

concept of global risk assessment at the patient level. We evaluated the WPMoS across an entire state to understand the impact of

urban/rural setting, academic status, and hospital size on patient safety outcomes. The population included all South Carolina (SC)

inpatient discharges from January 1, 2008, through to December 31, 2013, and was evaluated using established definitions of highly

undesirable events (HUEs). Over the study period, the proportion of hospital discharges with at least one HUE significantly decreased

from 9.7% to 8.8%, including significant reductions in nine of the 14 HUEs. Academic, large, and urban hospitals had a significantly

lower proportion of hospital discharges with at least one HUE in 2008, but only urban hospitals remained significantly lower by 2013.

Results indicate that there has been a decrease in harm events captured through administrative coded data over this 6-year period. A

composite measure, such as the WPMoS, is necessary for hospitals to evaluate their progress toward reducing preventable harm.
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Introduction
The national focus in healthcare on reducing prevent-
able errors has been growing steadily since the
publication of the Institute ofMedicine report,Crossing
the Quality Chasm.1 Intensive work to determine best
practices for preventing medical harm continues to be
a driving factor in the transformation of healthcare.2,3

Despite myriad activities, it remains quite challenging
to characterize patient safety into a single measure.4–6

Best practices in one area may not translate to
improvements of preventable errors in other areas or
engage the same members of the healthcare team.7,8

Furthermore, a patient-centric approach to evaluating
progress in safety is inherently limitedwhenmodels are
based on fragmented metrics. Given that any adverse

safety event is a highly undesirable event (HUE) for
patients and their caregivers, many are interested in
composite measures of safety, creating a patient-
centered approach to reducing harm.6,9

There are several efforts to characterize the safety of
hospitals, including Hospital Compare, Healthgrades’
Best Hospitals and the Leapfrog Hospital Safety Score
rankings.4,6,10–12 Each of these relies on a combination
of data including patient survey results, metrics on
timeliness, use of imaging, surgical outcomes, volume
of certain types of patients, disease-specific measures,
voluntary submission, and self-reported measures of
care.10–12 Others have focused strictly on voluntary
reporting of adverse events in hospitals, but have
identified important challenges in underreportingwith
this approach.13–17 An important limitation of these
approaches is that they may fail to provide a clear
pictureof overall hospital carebecause it is experienced
by most patients who may have conditions or receive
services that cross into domains not assessed by these
tools.5,9,18 Discordance between major quality report-
ing systemsmakes these data evenmore challenging for
systems, as well as for the public, to interpret.4,6 A
readily understandable patient-centered metric, which
extends beyond disease-based measures remains an
important gap in improving patient safety.

Perla et al,9 have worked to develop a measure of
safety that can be applied to any patient receiving
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care in a hospital setting. Termed the “Whole-Person
Measure of Safety (WPMoS),” this measure is based
on a patient-centered approach and the all-or-
nothing premise of a global measure of preventable
harm, based on any one of 14 clearly defined HUEs.
Each HUE is identifiable from administrative data
and represents a preventable adverse event.19–23 The
WPMoS is a patient-level measure of harm events
using total occurrences of HUEs in discharges over
time.

In South Carolina hospitals, as in the rest of the
country, numerous quality improvement (QI) activ-
ities are underway to address preventable errors, and
best practices are being implemented across hospi-
tals and systems.24 These improvement activities are
necessary in the journey to improve safety in health-
care and to address change in the risk of harm for
patients in a medical setting.

This study was designed to extend the WPMoS
concept by evaluating its use across an entire state
with varied types of hospitals, in an effort to
understand the impact of urban/rural setting,
academic status, and hospital size on safety outcomes
over time. In addition, it seeks to assess the use of
administrative claims data, a universally available
source of data, to establish a composite baseline
regional rate of change in safety events.

Methods
Data for this study were obtained from the SC
Revenue and Fiscal Affairs Office (RFA), which has
received healthcare data from in-state medical
facilities since 1996, in accordance with SC state
law. The study population included all inpatient
hospital discharges within SC from January 1, 2008,
through to December 31, 2013. This project was
secondary analysis of deidentified data, and was
deemed not human subjects research. As such, IRB
approval was not required.

Descriptive statistics were used to examine the
study population in terms of both discharges and
patients. Demographic characteristics included age
(18–35, 36–64, 65+ years), sex (male or female), race
(Caucasian, African American, Other), and payer
(commercial, Medicaid, Medicare, self-pay/
uninsured). Additional characteristics included sur-
gical patient (yes/no), length of stay, intensive care
unit (ICU) days, total charges (dollars), and severity
of illness three and four. If a patient had multiple
discharges over the study period, including at least
one surgical discharge, then they were counted as
a surgical patient regardless of whether it was their

first discharge. Length of stay was measured in days
from the admission date to the date of discharge, and
ICU days were the number of days a patient spent in
the ICU during a single hospital stay. Total charges
were measured as billed charges, in dollars, for all
services rendered during a hospital stay. Severity of
illness 3 (major) and 4 (extreme) were defined using
the University HealthSystem Consortium (UHC)
classification.25

In addition, hospital characteristics including
academic status (academic/nonacademic), location
(urban, rural, missing/out of state), and size (small,
medium, large) were described. A hospital was
specified as academic if it was affiliated with amedical
school and/or university. Hospitals were classified as
urban/rural based on their metropolitan statistical
area according to the Office of Management and
Budget (OMB).26 Small hospitals were those that had
#99 beds, medium hospitals were those that had
between 100 and 299 beds, and large hospitals were
those that had greater than 300 beds.

The WPMoS and associated HUEs were derived
according to the methods outlined by Perla et al.9

The WPMoS was calculated as the proportion of
hospitalized patients who experienced at least one of
14 HUEs during their episode of care. The 14 HUEs
in this study, based on the Center for Medicare and
Medicaid Services (CMS) and the Agency for Health-
care Research and Quality (AHRQ) guidelines,
included air embolism, blood incompatibility, pres-
sure ulcers, falls and trauma, catheter-associated
urinary tract infection (UTI), central venous
catheter-related bloodstream infections (CLABSI),
manifestation of poor glycemic control, admission
risk of mortality 5 1 and expired, death in low
mortality diagnosis-related category (DRG), deep
vein thrombosis/pulmonary embolism (DVT/PE),
iatrogenic pneumothorax, accidental puncture or
laceration, all-cause readmissions within 72 hours,
and hospital-acquired infection/surgical care im-
provement project. Frequencies and percentages
were used to summarize hospitalizations with at least
one of the 14 HUEs individually and in total.

A two-proportion Z-test was used to determine
whether there was a significant change in the HUEs
over the study period. This method tested whether the
proportion of hospitalizations with at least one HUE in
2008 was significantly different from the proportion of
hospitalizations with at least one HUE in 2013, with
respect to the standard error of the sampling distribu-
tion. This same method was used to compare the
difference in the proportion of hospitalizations with at
least one HUE by urban/rural setting, academic status,
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and hospital size for each year. To quantify the change
in proportion of hospitalizations with at least one HUE
from 2008 to 2013, we used percent change which
equals the change in proportion divided by the absolute
value of the original value multiplied by 100. An alpha
level of 0.05 was used to determine significance. All data
analyses were performed using SAS for Windows,
version 9.4 (SAS Institute Inc, Cary, NC).

Results
Characteristics of the study population described by
discharges and patients are summarized in Table 1.
Over the 6-year study period, there were a total of
1,251,030 patients with a combined 2,738,461 dis-
charges (annual mean, 456,410). Most discharges
were from nonacademic institutions (62.6%), most
were based in an urban setting (71.1%), and hospital
size was distributed fairly evenly between medium
(43.8%) and large (47.8%) classifications.

Table 2 presents yearly aggregate frequencies of
HUEs. All-cause readmission within 72 hours was the
most common individual HUE across all hospitals
followed by hospital-acquired infections. Least com-
mon HUEs included air embolism and blood in-
compatibility. The total number of hospitalizations
with at least oneHUE spanned from 38,645 (8.8%) in
2013 to 45,321 (9.8%) in 2009.

Nine of the 14 HUEs, including pressure ulcers,
falls and trauma, catheter-associated UTI, CLABSI,
admission risk of mortality5 1 and expired, death in
low mortality DRG, accidental puncture or lacera-
tion, all-cause readmissions within 72 hours, and
hospital-acquired infection, significantly decreased
over the study period (p , .05). Accordingly, the
proportion of hospitalizations with at least one of the
14 HUEs significantly decreased from 9.7% in 2008%
to 8.8% in 2013 (p, .01), a reduction of 9.2% overall.
The CLABSI demonstrated a notable decrease from
413 (0.09%) hospitalizations in 2008 to 48 (0.01%)
hospitalizations in 2013, which represented a reduc-
tion of 87.8%. Other HUEs displaying substantial
decreases over the study period included pressure
ulcers, accidental puncture or laceration, and death
in low mortality DRG with reductions of 55.6%,
41.8%, and 41.6%, respectively.

Figure 1 displays the proportion of annual
hospitalizations experiencing at least one HUE in
total and by hospital characteristics including hospi-
tal academic status, hospital location, and hospital
size. As shown in Table 2, the proportion of
hospitalizations with at least one HUE significantly
decreased from 2008 to 2013. This was the case for

both academic (p, .01) and nonacademic hospitals
(p, .01), with percent decreases of 3.3% and 12.0%,
respectively. Academic hospitals had a significantly
lower proportion of hospitalizations with at least one
HUE in 2008 compared to nonacademic hospitals
(p, .01), but the proportion decreased significantly
more in nonacademic hospitals over the timeframe
(p5 .032). Therefore, there was no difference in the
proportion of hospitalizations with at least one HUE
by academic status in 2013 (p 5 .58).

The proportion of hospitalizations experiencing
at least one HUE also significantly decreased in
urban (p , .01) and rural (p , .01) hospitals from
2008 to 2013, with percent decreases of 8.5% and
9.5%, respectively. The percent decrease by hospital
location was not significantly different between
urban hospitals and rural hospitals (p 5 .71). In
2008, the proportion of hospitalizations with at least
one HUE was significantly lower in urban hospitals
compared with rural hospitals (p , .01) and
remained significantly lower (p , .01) in 2013.

Over the study period, the proportion of hospital-
izations experiencing at least one HUE significantly
decreased for small (p, .01), medium (p, .01), and
large hospitals (p , .01), with percent decreases of
16.7%, 11.1%, and 5.4%, respectively. The proportion
of hospitalizations with at least one HUE decreased
significantly more in small hospitals compared with
largehospitals (p5 .02); however, thedecreasewas not
significantly different for medium hospitals compared
with small hospitals (p 5 .12) or large hospitals (p 5
.17). In 2008, the proportion in small hospitals was
significantly higher compared with bothmedium (p,
.01) and large (p, .01) hospitals, and the proportion
for medium hospitals was also significantly higher
compared with large hospitals (p , .01). In 2013,
however, the proportion was not significantly different
by hospital size.

Limitations
There are several limitations to this study. First, when
compared with manual chart abstraction, adminis-
trative data have well-documented limitations for
identifying all preventable harm occurring during
hospitalization.27–31 Although not capturing every
instance of harm, each of the events captured in
administrative data are definite HUEs and create
a means of rapidly identifying target areas. Capturing
incidence of every harmful event in hospitals would
require manual chart abstraction and dual-level
review, and is not practical for widespread safety
monitoring. Use of administrative data was chosen
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Table 1. Characteristics of the Study Population and Hospitals, 2008–2013

Discharges (n 5 2,738,461)

Patients (n 5 1,251,030)Annual mean Range

No. of discharges 456,410 439,876–463,980

Female, % 60.32 59.27–61.42 781,259 (62.5)

Age, n

18–35 91,632 (20.1) 85,861–97,609 331,564 (26.5)

36–64 180,325 (39.5) 169,754–184,886 491,137 (39.3)

651 184,452 (40.4) 181,476–186,143 428,329 (34.2)

Race, n

Caucasian 304,761 (66.8) 293,585–310,566 848,808 (67.8)

African American 135,255 (29.6) 131,012–138,177 340,165 (27.2)

Other 16,394 (3.6) 15,237–18,915 62,05 (5.0)

Payer, n

Commercial 135,920 (30.0) 108,391–156,795 456,938 (36.5)

Medicaid 62,642 (13.8) 59,268–67,930 181,054 (14.5)

Medicare 211,687 (46.7) 201,421–225,072 467,036 (37.3)

Self-pay/uninsured 43,161 (9.5) 43,921–47,667 146,002 (11.7)

Surgicala, % 31.97 30.94–33.28 645,895 (51.6)

Length of stay (days) 5.0 0–670

Total charges (dollars) 38,111 100–6,479,729

Severity of illness 3 or 4, % 35.34 30.14–40.32

Hospital academic status, n

Academic 170,626 (37.4) 166,848–174,863

Nonacademic 285,785 (62.6) 273,028–292,616

Hospital location, n

Urban 324,704 (71.1) 316,089–329,360

Rural 118,687 (26.0) 110,309–123,383

Missing/out of state 13,020 (2.9) 12,523–13,615

Hospital size, n

Small 38,588 (8.5) 36,745–39,845

Medium 199,680 (43.8) 191,100–203,415

Large 218,143 (47.8) 212,031–222,534

a If a patient had multiple discharges, one of which was a surgical discharge, then they would be counted regardless of whether it was their first discharge.
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because it is consistently available across systems and
can be evaluated from a standardized framework,
creating a scalable model of establishing both
benchmarks and monitoring systems. An additional

consideration is that the primary outcome of interest,
change in safety event rate over time, may reflect
changing coding practices,32 alongside the changes
in temporal trends in safety events. With the ongoing

Table 2. Hospitalizations by HUEs for All SC Hospitals

2008
(n 5 463,088)

2009
(n 5 463,980)

2010
(n 5 463,920)

2011
(n 5 456,300)

2012
(n 5 451,297)

2013
(n5 439,876)

Air embolism (CMS HAC) 3 (,0.01) 1 (,0.01) 0 (0) 1 (,0.01) 0 (0) 0 (0)

Blood incompatibility

(CMS HAC)

2 (,0.01) 1 (,0.01) 1 (,0.01) 1 (,0.01) 0 (0) 0 (0)

Pressure ulcers (AHRQ

PSI 03)

1,012 (0.22) 605 (0.13) 535 (0.12) 466 (0.10) 473 (0.10) 427 (0.10)a

Falls and trauma (CMS

HAC)

363 (0.08) 300 (0.06) 267 (0.06) 246 (0.05) 346 (0.08) 275 (0.06)a

Catheter-associated UTI

(CAUTI-CMS HAC)

137 (0.03) 130 (0.03) 135 (0.03) 111 (0.02) 89 (0.02) 86 (0.02)a

Central venous catheter-

related bloodstream

infections (AHRQ PSI 07)

413 (0.09) 319 (0.07) 283 (0.06) 173 (0.04) 74 (0.02) 48 (0.01)a

Manifestation of poor

glycemic control (CMS

HAC)

25 (0.01) 24 (0.01) 25 (0.01) 47 (0.01) 50 (0.01) 38 (0.01)

Admission risk of

mortality 5 1 and

expired (UHC)

276 (0.06) 223 (0.05) 216 (0.05) 176 (0.04) 137 (0.03) 195 (0.04)a

Death in low mortality

DRG (AHRQ PSI 02)

41 (0.01) 51 (0.01) 28 (0.01) 30 (0.01) 22 (,0.01) 23 (0.01)a

DVT/PE (any case CMS

HAC)

1,156 (0.25) 1,215 (0.26) 1,280 (0.28) 1,152 (0.25) 1,077 (0.24) 1,011 (0.23)

Iatrogenic pneumothorax

(AHRQ PSI 06)

135 (0.03) 124 (0.03) 141 (0.03) 122 (0.03) 103 (0.02) 126 (0.03)

Accidental puncture or

laceration (AHRQ PSI 15)

1,093 (0.24) 1,159 (0.25) 968 (0.21) 811 (0.18) 676 (0.15) 604 (0.14)a

All-cause readmissions

within 72 hours (UHC)

25,732 (5.56) 26,655 (5.74) 27,495 (5.93) 26,506 (5.81) 24,170 (5.36) 23,039 (5.24)a

Hospital-acquired

infection/SCIP (TJC/

CMS)

18,085 (3.91) 17,940 (3.87) 16,855 (3.63) 15,634 (3.43) 16,065 (3.56) 15,265 (3.47)a

Total 44,816 (9.68) 45,231 (9.75) 44,832 (9.66) 42,458 (9.30) 40,489 (8.97) 38,645 (8.79)a

Total hospitalizations by year: 2008 5 463,088; 2009 5 463,980; 2010 5 463,920; 2011 5 456,300; 2012 5 451,297; 2013 5 439,876.
AHRQ PSI5 Agency for Healthcare Research & Quality Patient Safety Indicator; CAUTI5 catheter-associated UTI; CMS HAC 5 Centers for Medicare and

Medicaid Services hospital-acquired condition; DRG 5 diagnosis-related category; DVT/PE 5 deep vein thrombosis/pulmonary embolism; HUE5 highly
undesirable event; SCIP 5 surgical care improvement project; TJC 5 The Joint Commission; UHC5 UnitedHealthcare; UTI5 urinary tract infection.

a Indicates a significant difference between the proportions of HUE in 2008 and 2013 at p , .05.
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shift from volume to value, there are many QIs,
coding and patient safety initiatives occurring in each
healthcare institution.

Discussion
When considered in aggregate, these data indicate
a decrease in total harm events captured through
administrative coded data over this 6-year period.
Using the WPMoS, hospitalizations with HUEs in SC
decreased significantly by 9.2%, an important change
that allows for understanding of the context of the
safety of healthcare in the region.

Over this period of major transformation in health-
care systems, the wider differences between academic
and nonacademic hospitals at the start of the period
narrowed and converged to the same rate for academic
and nonacademic institutions. This may highlight that
the complexity of care in the academic environment is
an important and challenging landscape in implemen-
tation science, and one that can serve as a crucial driver
of improving the overall safety of care.33,34 All sizes of
hospitals had decreases inHUEs over the 6-year period,
with the small institutions showing remarkable improve-
ments (16.7%decrease inHUEs) overall. Analyzing the

Figure 1. Pro-
portion of Annual
Hospitalizations ex-
periencing at least
one HUE by Hospi-
tal Academic Sta-
tus, Location, and
Size. *Indicates a
significant differ-
ence between the
percentage of hos-
pitalizations with at
least one HUE in
2008 and 2013 at
p , .05.

data from this per-
spective revealed
that differences be-
tween small, me-
dium, and large
hospitals at the be-
ginning of the study
converged by 2013.
In South Carolina,
as in much of the

United States, these larger institutions are home to
academic training programs of varying types and
provide an important opportunity for primary educa-
tion, a path to dissemination, and a testing ground for
new innovation in preventable patient harm.

The convergence demonstrated both by size and
institutional type is an interesting observation. Smaller,
less academic, and rural programs had steep declines
overall inHUEsduring this period.Thismay represent
increased prioritization of QI in these organizations
because ofmultiple factors, or increased knowledge of
best practices and support to implement them, or
both. In addition, it may reflect that engagement in
a smaller setting, with fewer learners allows permanent
team members to be engaged in implementation of
changes, and thus may allow improvement to occur
more rapidly and successfully over time.

Nine of the 14 individual HUEs showed signifi-
cant reductions, and align with specific initiatives of
the Partnership for Patients, a national initiative
sponsored by CMS focused on making care safer
and improving care transitions.35 Of note were
marked decreases in CLABSI, pressure ulcers, and
hospital-acquired infections. The two HUEs ac-
counting for the highest percentage of occurrences
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were readmissions and hospital-acquired infections,
both of which showed small but significant improve-
ment over the study period. Many of these areas have
been subject to intense local, regional, and national
work, establishment of best practices, and engagement
by payers in the value-based purchasing movement.
Other HUEs, including iatrogenic pneumothorax and
DVT/PEs, showed little or no improvement. These
areas of preventable harm likely represent opportuni-
ties for organizations to examine the evidence and
establish QI targets.

The WPMoS approach to reporting harm is
important for several reasons. With recent reports
estimating death from medical errors as the third
leading cause of death in the United States, patient-
level tools for understanding risk of harm are
needed.36 Currently, there are no standardized,
objective measures in use, although all-or-none
measures have been proposed to be among the most
effective tools for improving safety.37 Available systems
evaluate particular types of care or subsets of care
practices, by means of a combination of self-reported
and publicly available data.10–12 Using widely accepted
patient safety indicators together with administrative
data, although not capturing all errors or all harm, will
nevertheless provide a means of assessing trends in
risk of harm.When taken as an all-or-nothingmeasure
of harm, the WPMoS may provide a means of risk
assessment and provide important context needed to
fuel or accelerate QI activity.

Although earlier efforts to evaluate regional
change in rates of patient harm did not demonstrate
progress,38 there has been an ever-increasing em-
phasis on patient safety in SC and theUnited States in
general. A further effort at establishing the context of
change in safety events across a region is demon-
strated here as a means of evaluating healthcare
progress in this area. Improvements in single areas of
HUEs do not directly translate to improvements in
other areas. To understand directly the outcomes of
safety culture development activity that is occurring
in hospitals and health systems across the United
States, a composite and reproducible measure of
harm is necessary.39 Through the WPMoS assess-
ment, significant decreases in coded safety events
were noted across all settings. To understand
appropriate targets in this context, organizations will
need a composite score to understand their rates of
improvement relative to the changing benchmark.
This will enable systems to keep pace or accelerate
their work. Based on the initial work by Perla et al,9

institutions are relatively internally consistent over
a 2-year period, and thus the rate of change over time

may ultimately prove to be useful at the organiza-
tional level. Although theremay be a wide variation at
the local level in the degree and effectiveness of
implementation and dissemination of each of these
activities, we would expect these changes to occur
with the same relative variability across all systems.
Establishing this background rate of change is
important to understanding the full context of
uptake of safety evidence.

Conclusions
A person-based model of risk of harm is an important
step forward in considering a patient-centered ap-
proach to healthcare safety. This project extends the
evaluation of the WPMoS measure, recognizing that
patients experiencehealthcare systems as single units in
which each aspect of the system must work well, or the
overall risk to the individual remains high. Theneed for
ameaningful measure of risk at the patient level, which
is not disease based, is crucial because that is how
individual patients experience healthcare systems. The
airline industry safety model is often used in healthcare
training. It would be inconceivable for travelers to
weigh the risk of an engine malfunction relative to the
risk of running out of gas when making their choice of
a particular airline. Taken further, the industry would
not overlook the ability to prevent a plane crash
because of current limitation in the ability to track every
individual element perfectly, while better monitoring
systems were being built. A person-based measure of
safety, although less than perfect, is a crucial step
forward, whereas healthcare safety monitoring systems
are improvedbecauseno current singlemeasure, based
on any individual procedure or disease, is sufficient to
understand patient risk at present.

Implications
Establishing a benchmark rate of change in overall
hospital safety is a crucial step for individual hospitals
to evaluate their own progress toward safer, highly
reliable care within the national healthcare system.
Understanding larger trends in hospital safety events
is an important aspect of the healthcare transforma-
tion occurring nationally, and a critical aspect of both
framing progress and driving future work to increase
the safety of healthcare.
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