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Abstract

Introduction: Theoretically, the application of reliability principles in healthcare can improve patient safety outcomes by informing
process design. As preventable harm continues to be a widespread concern in healthcare, evaluating the association between inte-
grating high-reliability practices and patient harms will inform a patient safety strategy across the healthcare landscape. This study
evaluated the association between high-reliability practices and hospital-acquired conditions. Methods: Twenty-five pediatric orga-
nizations participating in the Children’s Hospitals Solutions for patient safety collaborative participated in this nonexperimental design
study. A survey utilizing the high-reliability healthcare maturity model assessed the extent of implementing high-reliability practices at
each participating site. We analyzed responses for each component and a composite score of high reliability against an aggregate
measure of hospital-acquired conditions. Results: Of the 95 invited sites, 49 responded and 25 were included in the final results.
There was a significant inverse relationship between the culture of safety component score and the Serious Harm Index (odds ratio
[OR] = 0.63, 95% confidence interval [Cl] 0.42-0.95, P = 0.03). There was no association between the overall high-reliability score
(OR =0.91, 95% CI 0.78-1.05, P = 0.19), the Leadership component score (OR = 0.97, 95% CI 0.70-1.383, P = 0.84), or the robust
process improvement (RPI) component score (OR = 0.75, 95% Cl 0.41-1.28, P = 0.26) and the Serious Harm Index. Conclusion:
The integration of high-reliability principles within healthcare may support improved patient safety in the hospital setting. Further
research is needed to articulate the breadth and magnitude of the impact of integrating high-reliability principles into healthcare.
(Pediatr Qual Saf 2021,6:e470; doi: 10.1097/pg9.0000000000000470; Published online September 24, 2021.)
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been developed over time. Several studies have demon-
strated a reduction in the rates of harm, such as central
line-associated bloodstream infections and ventilator-as-
sociated pneumonia, when organizations reliably comply
with these bundles.!®!" These studies are early “proofs of
concept” that applying certain HRO principles in health-
care can indeed result in decreases in errors and patient
harm.

To measure the overall impact of these improvement
efforts, some organizations have adopted a composite
measure of HACs, referred to as the Serious Harm Event
(SHE) Index or the Preventable Harm Index.—%2%2! This
composite measure aggregates data from multiple pre-
ventable patient harms, providing a more comprehensive
measurement of patient safety.®!!-20:22

The purpose of this study was to determine the asso-
ciation between high-reliability practices and HACs.
This study builds on a previous study, which quantita-
tively assessed and described the extent and variability of
integration of high-reliability practices among a collabo-
ration of children’s hospitals using the High-Reliability
Health Care Maturity Model (HRHCM).>?3

METHODS

The Children’s Hospitals’ Solutions for Patient Safety
(SPS) Network, established in 2011, is a collaboration of
children’s hospitals working together to eliminate patient
harm. The collaborative established a goal to reduce a
defined set of HACs by 40%, originally over 2 years. The
SPS network requires participating organizations to work
on tactical quality improvement work by establishing and
reliably performing care bundles to prevent HACs (such
as the Surgical Site Infection prevention bundle and the
Central Line-associated Blood Stream Infection preven-
tion bundle'). As of January 1, 20135, the SPS collabora-
tive comprised 95 children’s hospitals within the United
States.?

Of the 95 pediatric organizations in the SPS collabora-
tive at the time of the study, 49 responded to the high-reli-
ability survey.? Sixteen sites were excluded due to missing
more than 10% of HAC data (13), organizational identi-
fication (2), or survey responses (1).

Of the remaining 33 sites, 8 were excluded based on
their reporting data as part of a larger hospital system,
resulting in a final sample of 25 children’s hospitals.
Organizational descriptive and clinical staffing variable
descriptive statistics are summarized in Table 1.

DATA SOURCES

Participating sites reported monthly HAC data via
web-based forms to a secure SPS database. SPS then
provided these data to the investigators. The 2012
American Hospital Association (AHA) Annual Survey?*
provided data for organizational descriptive and staff-
ing variables.
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We collected data from each organization on high-re-
liability practice based on a survey tool derived from the
HRHCM.?* On behalf of SPS leadership, 2 authors (K.R.
and P.S.) distributed the survey tool, with specific instruc-
tions, was distributed via email to representatives from
each organization. SPS received all responses directly. Staff
within the SPS then linked the survey data with respective
organizational outcomes and hospital-characteristic data
from the 2012 AHA Annual Survey.?* SPS staff de-identi-
fied and delivered these data to the principal investigator
for this analysis.

MEASURES

Patient safety outcome data available at the time of the
study consisted of 8 HACs, each with standardized clin-
ical and operational definitions established by HAC-
specific expert panels through the SPS (Table 2). These
expert panels utilized current published definitions to
establish the operational definitions used in this study.

The SHE index, a composite measure of preventable
harm, was tracked and reported routinely by SPS. For
this study, we defined the SHE index as the sum of events
occurring between September 2014 and August 2015 for
each of the HACs as specified in the following calculation:

The SHE index (total harms per month across the 25
included sites) was initially measured as a continuous
variable with a mean of 75.3 harms per month per site,
with a SD of 42.8, a minimum of 9, and a maximum of
162. Given the nonnormal distribution of the SHE data,
the variable was transformed into a categorical variable
by dividing the outcome into quartiles. The SHE index
25th percentile was 48, the 50th percentile was 62.6, and
the 75th percentile was 91.5.

The authors used the HRHCM survey tool to quan-
tify how high-reliability attributes were implemented
in each organization. The survey tool utilized a 4-point
measurement scale assigning a numerical value to each
stage of high reliability along the continuum: beginning
(1 point), developing (2 points), advancing (3 points), and
approaching (4 points).>** We assessed performance in
the components of leadership, safety culture, and RPI.>?
The sum of the component scores resulted in an over-
all high-reliability practice score.?> To address minimal
missing survey and patient safety outcome data in the
included sites, we used mean substitution.

We determined individual and collaborative-wide
maturity of high-reliability practice for each component
measured in the high-reliability survey as well as an over-
all high-reliability practice composite. Table 3 provides a
summary of the high-reliability practice scores.

STATISTICAL ANALYSIS

All variables were evaluated to identify potential outlier
data or data that exceeded 2.5 SDs given the study’s small
sample size.?> We identified 2 outliers in the variable medical
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Table 1. Organizational Descriptive and Clinical Staffing Descriptive Statistics

N Frequency (%) Mean SD Range

Bed size 25 335.5 1221 73-595
RN hours per patient day 25 15.1 4.3 6.34-23.8
LPN hours per patient day 25 0.5 0.4 0-1.23
Medical staff hours per patient day 25 1.6 2.6 0-9.4
Employed physicians 25

No 15 (60%)

Yes 10 (40%)

Table 2. Operational Definitions of HACs

HAC Defining Agency Patient Population How Measured
Patients of inpatient or observation status
CLABSI NHSN with a central line Absolute number of CLABSI
CAUTI  NHSN Patients of inpatient or observation status with  Absolute number of CAUTI
an indwelling urinary catheter, excluding
patient in the neonatal intensive care unit
OB AE  SPS defined Expectant mothers admitted for delivery of Absolute number of OB AE
the infant
Falls NDNQI All patients of inpatient or observation status Absolute number of falls with moderate injury or above
VAP NHSN All patients of inpatient or observation status Absolute number of VAP
who experienced mechanical ventilation
HAC Defining agency Patient population How measured
ADE NCC-MERP All patients of inpatient or observation status Absolute number of ADE
SSI NHSN Patients who underwent a spinal fusion, Absolute number of SSI in patients who underwent a spinal
ventricular shunt placement or revision, fusion, absolute number of SSI in Patients who underwent a
or cardiothoracic surgery ventricular shunt placement or revision, absolute number of
SSlin patients who underwent a cardiothoracic surgery
PU NDNQI All patients of inpatient or observation status Absolute number of serious PU (stage lll, IV, unstageable, deep

tissue injury)

ADE, adverse drug event; CAUTI, catheter-associated urinary tract infection; CLABSI, central line-associated bloodstream infection; NCC-MERRP,
National Coordinating Council for Medication Error Reporting and Prevention’s Index for Categorizing Medication Errors; NDNQI, national
database of nursing quality indicators; NHSN, National Healthcare Safety Network; OB AE, obstetrical adverse event; PU, pressure ulcer; SSI,

surgical site infection; VAP, ventilator-associated Pneumonia.

staff hours per patient day. The outlier values remained in
the analysis, as there was no way to determine if the data
were truly not representative of the population.?

Ordinal logistic regression models tested the associ-
ation between the SHE index and overall high-reliabil-
ity practice without controlling various organizational
descriptive and clinical staffing variables. Additional
ordinal logistic regressions tested the association between
each component of high reliability (leadership, safety cul-
ture, and RPI) and the SHE index.

RESULTS

When controlling for organizational descriptive and clin-
ical staffing variables, the high-reliability practice safety
culture component demonstrated a significant inverse rela-
tionship to the organization SHE index (odds ratio = 0.63,
P = 0.03; Table 4). Hence, organizations had 37% lower
odds of being in a higher SHE index quartile for each
point increase in the safety culture component. There was
no association between overall high-reliability practice,
leadership, or RPI and the SHE composite outcome.

The organizational descriptive variables bed size and
registered nursing per patient day were significantly and
positively related to the SHE index in the overall, lead-
ership, safety culture, and RPI component models. The

employed physicians’ organizational clinical staffing vari-
able was significantly and inversely related to the SHE
index only in the safety culture component model (OR
=0.07, P = 0.03). We summarize these results in Table 4.

We tested nonresponse bias by comparing participating
sites to nonparticipating SPS sites that reported pediat-
ric-specific data to the AHA Annual Survey of Hospitals.?*
The comparison of the included and excluded sites
revealed participating sites had significantly less licensed
practical nursing hours per patient day, a significantly
higher percentage of nonprofit status, and significantly
more beds than participating sites. There were no statis-
tically significant differences among the 2 groups in nurs-
ing hours per patient day, medical staff hours per patient
day, employed physicians, or membership in a healthcare
system.

DISCUSSION

This research study sought to assess the association of
high-reliability practice and patient safety outcomes, spe-
cifically preventable harms defined as HACs in children’s
hospitals participating in the SPS collaborative. To our
knowledge, this is the first study that tests the association
between high-reliability practice as operationalized by the
HRHCM? and patient safety outcomes.
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Table 3. Descriptive Statistics of High-reliability Practice
Scores

N Average (SD) Minimum Maximum

Overall high reliability 25 43.2 (6.5) 28 53
Leadership 25 19 (2.5) 11 23
Safety culture 25 15.1 (2.6) 10 20
RPI 25 8.9 (1.8 5 12

In this study, we found that the safety culture compo-
nent of the HRHCM model was significantly inversely
related to the SHE index. The safety culture component
assessed trust, accountability, identification of unsafe
conditions, strengthening systems, and assessment of the
culture of safety.’ Specifically, the higher the safety cul-
ture component score, the lower the quartile of the SHE
index.

This finding is consistent with previous studies that cor-
relate culture of safety scores with isolated clinical out-
comes.”*?” Our data expand on these studies by revealing
an association between the perceived culture of safety
and a collection of multiple HACs. This study suggests an
association between safety culture and patient harm. This
finding is supportive of the application of high-reliability
principles within healthcare, at least the specific HRO ele-
ment of establishing a robust safety culture.

This report expands on previous work exploring the
relationship between the structured implementation
of care bundles and specific HACs."»!5-171 This study
adopted a broader view by evaluating the impact of high
reliability on an aggregate measure of HACs, the SHE
index. Previous studies demonstrating a reduction in
HAC:s focused mainly on single HACs within specific units
(ie, intensive care units), within either single organizations
or among organizations coordinated through a statewide
initiative or quality improvement collaborative.'>"”
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Regulatory agencies require that organizations evalu-
ate the safety culture regularly but allow organizations to
choose the evaluation strategy and frequency. Many orga-
nizational leaders and patient safety professionals within
the SPS report building the culture of safety measurement
into the patient safety program and mechanisms to remove
barriers that undermine a culture of safety. Organization
leaders should consider these data to inform strategic
plans for continuous improvement, including strategies
to detect patient harm and implement high-reliability
practices. These data also support ongoing evaluation by
regulatory agencies of the effectiveness of organizational
leadership to continuously improve the safety culture.

This study revealed a lack of association between the
remaining components of the HRHCM model (total score,
leadership, and RPI) and patient harm. Multiple factors could
explain these results. First, the results could be related to the
small sample size of organizations and insufficient statistical
power to determine any association between high-reliability
practice and the SHE index. Second, there was limited vari-
ability within the high-reliability practice scores. Specifically,
the range of high-reliability practice scores was small, poten-
tially minimizing the model’s ability to detect any association
between high-reliability practice and the SHE index. Third,
the hypothesis may not have been supported due to the dis-
ruption reported within participating organizations. Only 5
of 33, or 15.2% of responding organizations, reported expe-
riencing no significant organizational changes within the 2
years before the study. Disruption was reported in the form
of significant leadership transitions, new or expansion of
facilities, significant electronic medical record changes, addi-
tions of service lines, and mergers and acquisitions.?* These
types of disruptions are associated with an increase in pre-
ventable harms, including HACs, and might have counter-
balanced any positive impact of HRO practices.

Table 4. Ordinal Logistic Regression Results on the Relationship between High-reliability Practice (Composite and Com-

ponents) and SHE Index (N = 25)

Significance

Odds Ratio P) Lower Confidence Upper Confidence
High-reliability composite 0.91 0.19 0.78 1.05
Medical staff hours per patient day 0.75 0.16 0.50 1.12
Employed physicians 0.14 0.08 0.16 1.26
LPN hours per patient day 5.33 0.20 0.41 69.95
RN hours per patient day 1.34 0.03 1.04 1.73
Total number of licensed beds 1.02 0.01 1.01 1.04
Leadership composite 0.97 0.84 0.70 1.33
Medical staff hours per patient day 0.76 0.17 0.51 1.13
Employed physicians 0.24 0.17 0.32 1.82
LPN hours per patient day 4.92 0.23 0.34 66.28
RN hours per patient day 1.30 0.03 1.02 1.66
Total number of licensed beds 1.02 0.00 1.01 1.03
Safety culture composite 0.63 0.03 0.42 0.95
Medical staff hours per patient day 0.71 0.13 0.45 1.11
Employed physicians 0.07 0.03 0.00 0.75
LPN hours per patient day 12.03 0.08 0.71 204.03
RN hours per patient day 1.43 0.01 1.08 1.91
Total number of licensed beds 1.03 0.00 1.01 1.04
RPI composite 0.73 0.26 0.41 1.28
Medical staff hours per patient day 0.78 0.13 0.48 1.10
Employed physicians 0.14 0.09 0.02 1.41
LPN hours per patient day 7.61 0.15 0.48 119.56
RN hours per patient day 1.37 0.03 1.04 1.81
Total number licenced beds 1.02 0.01 1.01 1.04
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There were several limitations of this study. First, the
high-reliability framework we used has not been validated
as a tool to assess high reliability. Despite this, it remains
the most widely known HRO evaluation tool and car-
ries with it face validity.?* Second, there could have been
inaccuracies within the organizational survey response,
most likely with a bias toward overestimating the site’s
level of HRO. Despite the instructions provided regard-
ing how to craft the survey’s organizational response,
we validated that all organizations completed the survey
as instructed.? Third, the study’s sample size was small,
appeared to favor large, free-standing children’s hospitals
limiting our ability to extrapolate these findings to sites
with alternative characteristics such as smaller children’s
hospitals within adult hospitals. Fourth, we did not assess
the extent of human factors expertise or the approach to
knowledge management at each participating site, each
of which may influence our primary outcome of HACs.
Finally, variability in how participating sites ascertained
HAC occurrence was likely. SPS encourages organiza-
tions to utilize active surveillance to detect HACs and
report events through incident reporting systems volun-
tarily; however, there is no mandate for specific detection
methods. Active surveillance reveals more events than
voluntary reporting through incident reporting systems;
however, not all organizations have the resources avail-
able to conduct active surveillance. The utilization of
different detection methods may have had a significant
impact on the SHE index and thus the associations to
high reliability that we were exploring.

CONCLUSIONS

In this study, we find that a higher maturity within the culture
of safety domain of the HRHCM is associated with a lower
total of HACs for organizations within the SPS collabora-
tive. We were unable to identify a relationship between other
HRHCM components and patient harm. Further studies are
needed to understand better the associations between high
reliability and patient safety in healthcare organizations.
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