Patient Safety

Using inpatient hospital discharge data to
monitor patient safety events
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Pandian, MA, Lu Mao, systems is necessary for the creafion of patient safety preven-

MSc, and Yvonne L.

Michael, ScD, SM tion programs and the evaluation of improvement resulting from

innovations. To that end, inpatient hospital discharges collected

by the Pennsylvania Health Care Cost Containment Council were
used to investigate patient safety events (PSEs) in Pennsylvania in
2006. PSEs were identified using external cause of injury codes
(E-codes) in combination with the Agency for Healthcare Research
and Quality’s patient safety indicators (PSls). Encounters with and
without PSEs were compared with regard to patient age, sex, race,
length of stay, and cost. Approximately 9% of all Pennsylvania
inpatient discharges had a PSE in 2006. Patients with a PSE were
on average older, male, and white. The average length of stay for
a PSE was 3 days longer and $35000 more expensive than a non-
PSE encounter. It was concluded that E-codes and PSls were useful
tools for the surveillance of PSEs in Pennsylvania, and that admin-
istrative data from healthcare organizations provide a consistent
source of standardized data related to patient encounters, creating
an opportunity to describe PSEs at the population level.

INTRODUCTION

Administrative data exist within any healthcare facility. They are traditionally
used to send claims to payors for reimbursement and follow the universal bill-
ing form standard. They have also been used for state public health reporting
(eg, reporting of child abuse, communicable diseases, or falls to the state health
department).

The International Classification of Disease (ICD-9-CM) nomenclature is used
to classify hospital encounters into diagnostic categories for diagnoses and
reimbursement. For injuries, the “nature of injury” (N-code) and “external
cause of injury” (E-code) chapters are of particular importance in documenting
both cause and outcome of injury. A diagnostic string containing an E-code
within E870-E879 or E930-E949 represents injuries that are specifically relac-
ed to adverse effects of medical care. Both of the code sets and their attend-
ant validity have been explored for their utilicy in patient safety surveillance
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Table 1: Prior Research Analyzing Administrative Coding to Identify Error-Associated Injury
W

Date Authors Relevant Findings

Analysis of E-codes found 5% of all discharges had

Validation Scope

E-codes had 65%

(O’Hara and adverse events; 4.4% of discharges had misadventures ey Victoria
1997 " o : ; sensitivity compared to :
Carson and complications of medical or surgical care; 1% ; (Australia)
chart review
had adverse drug events
Analysis of administrative coding identified 0.42%
of discharges statewide from a five-year period as
2001 Utah Depr of  having error-associated injuries; 6.5% of all discharges N/A Utah
Health® had misadventures and complications of medical or (USA)
surgical care; 2.5% of hospitalizations had adverse
drug events
Analysis of administrative
coding had a 37%
2005 Van Tuinen N/A Positive Predictive Value ~ Missouri

et al.c

Analysis of administrative coding found a medical
injury rate of 133.3 per 1000 hospitalizations, of
which 56.2 per 1000 were drug events, and 59.5 per and 97.4% specificity (USA)

2005 Layde et al.¢

1000 were procedure-related

(PPV) for identifying (USA)
surgery-related adverse
events

Administrative data
showed 59.9% sensitivity ~ Wisconsin

compared to chart review

*0’Hara DA, Carson NJ. Reporting of adverse events in hospitals in Victoria, 1994-1995. Med ] Aust. 1997;166(9):460—463
bUtah Health Data. Adverse Events Related to Medical Care, Utah 1995-1999, Salt Lake City: Utah Department of Health; 2001
Van Tuinen M, Elder S, Link C, et al. Surveillance of Surgery-Related Adverse Events in Missouri Using ICD-9-CM Codes.
Rockville, MD: Agency for Healthcare Research and Quality; 2005

iLayde PM, Meurer LN, Guse C, et al. Medical Injury Identification Using Hospital Discharge Data. Rockville, MD: Agency

for Healthcare Quality and Research; 2005

(Table 1). These findings suggest that E-codes in admin-
istrative databases can be used to identify patient safety
events with adequate sensitivity and specificity.

The Agency for Healthcare Research and Quality
(AHRQ) has demonstrated the usefulness of adminis-
trative data for understanding adverse events especially
as a vehicle for testing patient safety indicators (PSI).!
AHRQ’s PSI algorithm utilizes variables in hospital
administrative data such as primary and secondary diag-
noses, procedures, age, gender, admission source, and
discharge status to reflect preventable injury status more
precisely. The principal difference between the PSIs and
traditional injury surveillance metrics (N-codes and
E-codes) is that PSIs attempt to tailor numerators and
denominators solely to events that are deemed preven:-
able, whereas E-codes and N-codes include events for
which preventability is difficult to ascertain, or for which

{DOI: 10.1002/jhrm

prevention strategies are unknown. The AHRQ PSls have
high specificity, moderate sensitivity and moderate predic-
tive positive value, though these characteristics are variable
among the PSIs.>?

Administrative data have limitations. Their sensitivity in
detecting events when they happen is less than that of
chart review, which is considered the gold standard in case
finding. Nonetheless, given the simplicity, feasibility, and
low expense of using administrative data, the fact that it
does not capture all adverse events may not necessarily
preclude risk managers from using administrative dara as a
springboard to problem identification. By using the codes
presented herein, risk managers could order the frequency
of adverse events that happen in their facilities in descend-
ing order. They would then have to explore more deeply
which ones are most important for their particular quality
goals. Events that happen most frequently (ie, medication
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Table 2: Strengths and Limitations of Administrative Data
m

Strengths Limitations

Readily available May be biased by financial incentives (“upcoding”, “downcoding”)
Inexpensive Long wait for data -

Include large populations and wide geographic Inconsistent accuracy and completeness

Relatively complete capture of patient contact Lack of clinical detail and relevant information such as “Do

in hospitals Not Resuscitate” orders

Standardized for national and international comparisons Variability in coding practices across institutions

Inability to distinguish between adverse events in which no
error occurred and true medical errors

Sources: Zhan C, Miller MR. Excess length of stay, charges, and mortality attributable to medical injuries during hospitali-
zation. JAMA. 2003;290(14):1868-1874; De Coster C, Quan H, Finlayson A, et al. Identifying priorities in methodologi-
cal research using ICD-9-CM and 1CD-10 administrative data: Report from an international consortium. BMC Health
Serv Res. 2006;6(1):77.

errors) may not be perceived as immediately actionable METHODS
when compared to events that happen less frequently

but have significant liability repercussions to the facil-

ity (ie, wrong-site surgeries). Administrative dara do not
describe the severity of the adverse event or the long-term
outcome—they simply start the case-finding process in a
rigorous and reproducible way.

The analyses use Pennsylvania inpatient discharge data
purchased from PHC4 for 2006. The data consist of
records from all facilities in the state that perform inpa-
tient services, excluding state psychiatric hospirals. For
each discharge, a principal diagnosis and up to 10 associ-
ated ICD-9-CM diagnostic codes are assigned. In the

Though they are imperfect, administrative data allow case of an injury, supplemental E-codes are recorded.
population-scale research because they provide an easily The ICD-9-CM E-codes E870-E879 and E930-E949
accessible tool for comparisons of rates and trends.” Key are used to signify a patient safety event, including
strengths and limitations of administrative data are sum- adverse events of medical care and adverse events of
marized in Table 2. drugs, respectively.

Twenty categories of PSI are commonly used in patient
STUDY PURPOSE safety research (htep://www.qualityindicators.ahrq.gov/
The purpose of this study was to describe the incidence Downloads/Software/SAS/V21R2A/psi_guide_rev2.pdf).
of patient safety events in Pennsylvania and to identify The algorithm software developed to identify the PSI in
demographic characteristics associated with increased the SAS environment is available free of charge through
risk of injury. The ICD-9-CM E-codes and the AHRQ AHRQ’s Web site.¢ Version 4.0 of the software was used
PSIs were used as the case-finding tools. These tools were on the PHC4 data.

applied to the 2006 statewide inpatient administrative
discharge dataset collected by the Pennsylvania Health
Care Cost Containment Council (PHC4). The PHC4
was established in 1986 as an independent state agency
responsible for collecting and reporting on hospital uti-
lization with a particular emphasis on analyzing the cost
and quality of health care. The PHC4 collects over 4.5
million inpatient hospital discharge and ambulatory/out- STATISTICAL ANALYSES
patient procedure records each year, and has received criti-
cal acclaim for its annual report cards on cardiac surgery
and hospital acquired infections.?

For each patient record, we identified whether a PSE
occurred. Qur primary definition of a PSE combines the
E-code with the PSI algorithm developed by AHRQ.
Additionally, in secondary analyses, we evaluated PSEs
separately by case finding method.

First, we examined the rates for PSEs and described them
graphically by age. We conducted this analysis using two
denominators. In the primary analysis, the hospital dis-

This analysis adds to prior research identifying healthcare- charges were the denominator. In the secondary analysis,
associated injuries in administrative data by estimating the the 2006 census population in Pennsylvania was the
magnitude and documenting the distribution of events in denominator. The primary analysis provides the event

a large East Coast state. rate, which is a reflection of risk for hospitalized partients.
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The secondary analysis provides a population measure of
patient safety and is directly comparable to other injury
causes that use a population-based denominator (eg,
motor vehicle crashes, fires, etc). Second, we examined
the relationship between patient safety errors and age, sex,
gender, length of stay and total charges, compared with
patients not experiencing a PSE event. Finally, we con-
ducted multivariate logistic regression analyses to examine
the associations between PSE events and various patient-
level and hospital-level characteristics.

To estimate the association between patient-level and
hospital-level characteristics and patient safety events we
created an indicator variable called “PSE” that was set to
1 if the patient experienced a PSE event, and 0 if they
did not. Traditional linear regression allows one to exam-
ine the relationship between a quantitative variable (vari-
ables that intuitively measure as a number, and that have
ordinal, interval, and ratio properties; examples include
age, weight, and distance) and its potential correlates.
Logistic regression allows one to examine the relation-
ship between possible correlates and a variable, like PSE,
whose values are 0 and 1. This is accomplished via the
use of a “link” function, a formula that translates quan-
titative values into probability values that range from 0
to 1. A logistic regression was executed using the statisti-
cal software package Stata and its
GLM command, utilizing the “logit”
link function, and controlling for
hospital-level correlations of PSEs.
While PSEs in different hospitals
may be assumed to be independent,
PSEs within the same hospital may
not. The logistic regression model

as described would control for such
potential intrahospital correlations.

Demographic variables of inter-

est include age (categorized into
10-year age groupings), race, and
sex. Although significant differences
are detected in preliminary analysis
berween PSEs and non-PSEs groups
in patient length of stay (LOS), and in total charges billed
for the hospital stay, these differences may be conse-
quences rather than causes of a PSE. In that sense, using
them as covariates in a multivariate model would give
misleading interpretations on their coefficients and may
also distort the effects of other predictors. The final model
included age, race, sex, and a clustering variable for each
hospital.

Regression coefficients of interest were tested using the
Wald test with a significance level of 0.05. However,
since the sample size is very large, tests are extremely
powerful. Therefore, we also take into consideration the
effect size (ie, whether it is of practical meaning) when
evaluating the difference between encounters with and

without PSE.
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While PSEs in different
hospitals may be assumed

to be independent, PSEs

within the same hospital

may not.

RESULTS

Our analysis used data on 1982986 inpatient hospi-

tal discharges in the Pennsylvania Health Care Cost
Containment Council (PHC4) database from 2006.
Approximately 9% of all Pennsylvania inpatient dis-
charges had a PSE. Patients with a PSE were on average
older, male, and white. The average LOS for a PSE was 3
days longer and $35000 more expensive than a non-PSE
encounter (Table 3). These analyses are easily repeatable
in any healthcare facility using the methods we described.

Table 4 shows the logistic regression model (allowing for
clustering at the hospital level) on patient safety events.
There was a significant difference in the risk of patient
safety events by age and race. The risk of patient safety
events increased with age, but the trend flattens at age 60,
where both age groups 60-69 and 70-79 seem to have
similar odds of PSEs. The risk of PSE decreased slightly
after age 80 years.

Hispanics had a lower risk of patient safety events com-
pared to White, non-Hispanic adults (OR, 0.69; 95%
CI, 0.52-0.92). Asian/Pacific Islanders had a higher risk
of patient safety events relative to White/non-Hispanics
(OR,; 1,15; 95%Cl, 1.02-1.30].

When we look at the trend among
age groups and the rate of PSE as a
percentage of all hospital discharges,
we notice intriguing patterns as

the codes are broken out into more
detailed components. For exam-

ple, when separating out the events
detected by external cause of injury
codes for “Misadventures to patients
during surgical and medical care”
(E870-E879) compared to “Drugs,
medicinal and biological substances
causing adverse effects in therapeu-
tic use” (E930-E949), we observe
similar patterns of increasing risk with
age (Figure 1). However, at the age
range of 70-79, we find a steep drop
in the rate of adverse medical care events withourt a cor-
responding decrease in drug error/adverse drug events
(Figure 1a). In contrast, PSI did not vary with age.
Moreover, when we look at these same error rates using
statewide age-specific census population as the denomi-
nator, the risk of drug error/adverse drug events sharply
increases in this age group and those older (Figure 1b).

DISCUSSION

Nine percent of Pennsylvania inpatient discharges in
2006 had a patient safety event. This is similar to semi-
nal studies in New York, Colorado, and Utah that found
adverse event rates of 2.9 and 3.7 percent, respectively.®’
Compared to white patients, Asian/Pacific Islanders had
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Table 3. Characteristics of Inpatient Discharges with and without a Patient Safety Event
RO AR e S A S B e Yok e S e A SN N G - T T 0 A i T et = s W S DI PN R P s o T U W e 2 ey ik I T 6 55 I Yo I S B o S R i

Variable Patient Safety Events® Non-Patient Safety Events  P-value®
(n=177683) (n=1805303)

n 177682 1805234

Age (years) mean 61.9 51.4 <0.01
stddev 20.5 27.3
male 80674 (45.4%) 776246 (43.0%)

Sex <0.01
female 97008 (54.6%) 1028988 (57.0%)
white 145525 (81.9%) 1404915 (77.8%)
black 20564 (11.6%) 238451 (13.2%)
hispanic 3096 (1.7%) 64195 (3.6%)

Race <0.01
asian 1090 (0.6%) 12918 (0.7%)
native American 95 (0.1%) 2429 (0.1%)
other 7312 (4.1%) 82326 (4.6%)
n 177682 1805231

Length of stay (days) mean 8.1 4.9 <0.01
stddev 11.2 7.5
n 177683 1805303

Charges ($) mean 66086.9 30451.5 <0.01
stddev 136089.3 64096.9

Note: stddev = standard deviation of the mean.

*Patients who were flagged with an AHRQ Patient Safety Indicator, or had an E-code ranging from E870-E879, or had an
E-code ranging from E930-E949, or some combination of the three
bt-test for continuous variables and Chi-square test for categorical variables

15% higher odds of a PSE and Hispanics had 31% lower
odds. This is consistent with prior research suggesting
that patients considered to be non-white are less likely to
be recommended for high technology treatment, and are
therefore more likely to receive standard, lower risk surgi-
cal procedures, resulting in lower rates of patient safety
events for events like complications of anesthesia and
iatrogenic pneumothorax.'®!"

Risk for an event was greater with increasing age. The
sharp drop in the discharge incidence of medical care
events after age 70 is a curious finding (Figure 1), par-
ticularly in light of the fact that nationwide, people age
65 and over have the highest rate of operations, at 4358
per 10000."? When expressed as a population rate, this
reduction in medical care adverse events is coupled with a
corresponding increase in drug error/adverse drug events
for this age group (Figure 1b). The divergence in these

trends is a subject for future investigation.

The observed greater length of stay and roral charges
comparing PSE encounters to those withour PSE is con-
sistent with prior research finding that complex care,
urgent care, and a prolonged hospital stay are associated
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with more errors.'* A retrospective medical review of data
from 2 acute hospitals in the Greater London area found
that each adverse event led to an average of 8.5 additional
days in the hospirtal and additional direct costs of over
$400000." These findings support that reduction of
adverse events could reduce healthcare costs significantly,
although as noted previously, the LOS and cost may be a
cause rather than a consequence of PSEs.

AHRQ PSIs have a substantially lower rate of PSE detec-
tion than E-codes. This was expected based on the focus
in the development of the PSIs on preventable injury,
whereas E-codes capture both preventable events and
those currently not considered preventable (eg, adverse
drug events). However, this analysis suggests that it is
prudent to track all PSEs, regardless of preventability,

so that if novel prevention methods arise in the future,
their impact can be measured through data that have
been collected both prior to and after implementing these
interventions." E-codes and PSIs should be used together
to comprehensively illuminate the spectrum of potential
PSEs in any healthcare facility. In some cases, there may
be overlap between the events detected by both case-find-
ing methods, but we have shown in previous work that
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Table 4: PSE Logistic Regression Model, Clustering for Hospital
#

Parameter Odds Ratio 95% Confidence Limits P-value
0-9* 1.00 1.00 1.00 -
10-19 2.60 1.82 3.72 <0.01
20-29 2.41 1.24 4.66 <0.01
30-39 313 1:57 6.23 <0.01
Age 4049 4.42 2.20 8.86 <0.01
50-59 5.83 291 11.69 <0.01
60-69 6.91 3.45 13.84 <0.01
70-79 6.92 3.46 13.83 <0.01
80 + 5.62 2.81 1123 <0.01
Other 105 0.87 1.27 0.61
Native American 0.48 0.17 1.38 0.18
Asian/Pacific Island 1.15 1.02 1.30 0.03
haE Hispanic 0.69 0.52 0.92 0.01
Black 0.97 0.85 1.08 0.49
Whice* 1.00 1.00 1.00 -
Gender Female 0.94 0.91 0.93 <0.01
Male* 1.00 1.00 1.00 -

*Indicates the reference group for the interpretation of that parameter’s Odds Ratios. For example, the odds of a patient
40-49 years old having a PSE is 5.83 times the odds of a patient 0~9 years old. Similarly, the odds of a female patient

having a PSE is 0.94 times the odds of a male patient.

there is very little overlap between them, so they are best
used in an additive capacity.”

We have shown in this article methods to detect PSEs
from easily accessible administrative data in Pennsylvania
hospitals. The methods that we described can be used

in any healthcare facility, in any locality or state, and—
because of the use of the ICD—in any country using
the ICD. We encourage risk managers to reproduce our
methods in their facilities and to gather administrative
data from their geographic areas to make comparisons
similar to ours. More important, it would be interesting
to hear from organizations using these methods as to how
they determined which events they made actionable in
their quality improvement programs. We have provided
the road map; risk managers will provide the solution.

NEXT STEPS AND POLICY IMPLICATIONS

The Medical Care Availability and Reduction of Error
Act became Pennsylvania law in 2002 and created

|DOI: 10.1002/jhrm

the Patient Safery Authority (PSA). The PSA made
Pennsylvania the first state to mandate the collec-

tion of confidential, anonymous reports of patient
safety events through the Pennsylvania Patient Safety
Reporting System (PA-PSRS). Since 2009, the system
has received over 1.5 million reports,'® which are esti-
mated to comprise 30% of reportable incidents.” While
data from PA-PSRS are crucial for understanding the
burden of PSEs in Pennsylvania, an accurate numerator
and denominator are necessary to determine the risk of
patient safety events. PA-PSRS collects “serious events”
(patient harm) and “incidents” (no patient harm, but
potentially harmful).' Both event types represent what
would comprise the numerator in a risk ratio. However,
the system was not designed to collect data on the
population at risk, which would comprise the domina-
tor part of the risk ratio. Additionally, the data from
PA-PSRS only include age and gender information,
excluding important demographic elements like race and
patient ZIP Code (a proxy for socioeconomic status).
As a result, the data cannot be used for epidemiologic
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Figure 1:

Patient Safety Events by Type, Age Category, as Rate of Total Discharges and Census Population (1000s)
T B R L L g e e s e e e e o ) e A e e O e S e o P e T |

a Rate of Patient Safety Events by Type, Age Category. per 1000 Discharges
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E870-E879: Misadventure during or due to medical care; E930-E949: Adverse effects of therapeutic drugs, biological; PSI:
AHRQ Patient Safety Indicator; PSE: The patient experienced an E870-E879 OR an E930-E949 OR a PSI

analyses such as those presented in this study. Further,
while serious events resulting in harm are reportable

to PA-PSRS, 96% of the reports describe incidents in
which harm did not reach the patient, making it an
excellent source of near-miss events but not of patient
injuries.'® Therefore, the combined analysis of PA-PSRS
with injuries found in administrative data (using the
methods described herein) will allow a more complete
understanding of Pennsylvania’s patient safety burden
and potential directions for improvement. Future policy
initiatives should seek to integrate these systems. Other
states using similar adverse event reporting systems
could do likewise.
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CONCLUSION

E-codes and PSIs are a useful way to deepen the surveil-
lance of patient safety events in Pennsylvania, and indeed
in any of the 50 states. Administrative data are appealing
because they are routinely collected, easily acquired, and
are also used in other countries—creating the possibility
of national and international comparisons. Despite the
limitations of administrative data, they are enormously
useful as a starting point for hospital-based patient safety
surveillance. Our results from Pennsylvania confirm prior
research findings that patients experiencing a PSE were
older and a patient safety error was associated with longer
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hospital stay and greater cost. Improved and consistently
administered surveillance is needed to develop and evalu-
ate hospital-based programs to reduce patient safety
errors. The process developed and explained in this arti-
cle provides a useful toolkit for all states and healthcare
facilities seeking to enhance surveillance systems toward
improved care, outcomes, and reduced costs.
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