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Abstract

After New York State mandated that hospitals follow protocols to treat sepsis in 2014,
performance of the protocol increased and mortality declined. Whether these encouraging trends
have equitably benefited racial and ethnic minority populations is unknown. Although there were
no significant racial/ethnic differences in rates of protocol completion at the onset of New York’s
Sepsis Initiative, over time white patients experienced a greater increase in protocol completion
compared to black patients. The emergence of this disparity was due to lower performance
improvements among hospitals with higher proportions of black patients, though white and black
patients made similar improvements when treated within the same hospital. Our study suggests an
urgent need to understand why improvements in sepsis care lagged in minority-serving institutions
in New York. Policymakers should anticipate and monitor the effects of quality improvement
initiatives on disparities to ensure that all racial and ethnic groups realize their benefits equitably.

Introduction

Sepsis is a life-threatening infection that afflicts over 1.5 million Americans, results in
250,000 deaths, and accounts for $24 billion in health care spending each year.1:2 The World
Health Organization has recognized sepsis as a global public health priority.3 In an effort to
improve the treatment and outcomes of sepsis, international guidelines* and the Centers for
Medicare and Medicaid Services (CMS) National Early Management Bundle for Severe
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Sepsis and Septic Shock (SEP-1) core measure® call for the prompt diagnosis and early
administration of antibiotics and intravenous fluids to septic patients.

In 2013 the New York State (NYS) Department of Health, in collaboration with the NYS
Executive Office, launched the New York State Sepsis Initiative. The initiative requires all
NYS acute-care hospitals to implement an evidence-based protocol with pre-specified
performance measures to identify and manage patients with sepsis. This Initiative, known as
“Rory’s Regulations,” honors Rory Staunton, a previously healthy boy who tragically died
following delayed treatment of septic shock. Rory’s Regulations represent an unprecedented
use of state regulation to improve the quality of care for critically ill hospitalized patients.6

Early analyses suggest that adherence rates to the protocol increased and risk-adjusted
mortality declined following the implementation of the NYS Sepsis Initiative.”:89 Yet it
remains uncertain whether these encouraging trends have equitably benefited racial and
ethnic minority populations, who suffer from a higher incidence of sepsis and worse
outcomes.10.11

By improving the consistency of care delivery, broadly targeted quality improvement
initiatives have the potential to narrow racial and ethnic disparities in medical care. For
example, the monitoring and reporting of clinical performance measures in hemodialysis
facilities,12 Medicare managed care plans,13 and acute care hospitals4 were accompanied
by reduced racial and ethnic gaps in the quality of care. Alternatively, quality improvement
efforts may exacerbate disparities given evidence that racial and ethnic minorities
disproportionately receive care in settings with fewer resources, a worse quality of care, and
less developed infrastructure for quality improvement.15 Performance improvements in
minority-serving institutions may therefore lag other settings and lead to increased racial and
ethnic disparities.16

We studied changes in the completion of the NY'S Sepsis Initiative’s 3-hour protocol from
April 1, 2014 to June 30, 2016 for non-Hispanic white, non-Hispanic black, Hispanic, and
Asian patients hospitalized with severe sepsis and septic shock. Then we examined the
extent to which disparities in care were explained by disproportionate representation of
minority patients in lower-performing hospitals versus differences in care between white and
minority patients who were treated within the same hospital.

Data Sources and Study Sample

We acquired data from the NYS Sepsis Initiative from April 1, 2014 to June 30, 2016, the
initiative’s first 9 quarters. As described previously,® all 185 of New York’s non-federal
hospitals were required to report on in-hospital mortality and their initiation and
implementation of 3-hour and 6-hour protocols for early detection and treatment of patients
with sepsis and septic shock. The 3-hour resuscitation protocol consisted of measurement of
a blood lactate, collection of blood cultures prior to antibiotics, and administration of broad-
spectrum antibiotics and applied to all septic patients. The 6-hour protocol included:
administering 30 ml/kg of intravenous fluids to patients with hypotension (systolic blood
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pressure <90 mmHg) or a serum lactate = 4 mmol/l, initiating vasopressors if patients had
refractory hypotension following IV fluids, and remeasurement of a lactic acid, and applied
to only patients with septic shock (Appendix exhibit A1)17. Participants who failed to
complete the 3-hour protocol were considered to have failed the 6-hour protocol as well.
This study was approved by the Internal Review Board for the NYS Department of Health
with a waiver of informed consent.

There were 113,380 episodes of sepsis submitted to the New York State Department of
Health during the study period. Patients were included in the analysis if they were diagnosed
with severe sepsis or septic shock as defined by the Sepsis 2 International Consensus
definitions.18 Information about data collection and audits is provided in the Appendix
exhibit A2.17 We excluded patients who were transferred from another hospital, and those
with clinical contraindications to the protocol, with advance directives limiting care, who
declined interventions, who were under age 18, who were excluded by the hospital, and who
participated in a clinical trial, yielding 91,357 cases. We then further excluded 17,064 cases
in which the protocol was not initiated (consistent with NYS’ reporting processes), 15,819 in
which the protocol was initiated outside the emergency department, and 8,445 where the
patient was not identified as non-Hispanic white, non-Hispanic black, Hispanic or Asian,
yielding our final study sample of 50,029 (Appendix exhibit A3).17 Following the approach
of Seymour et al.,8 we limited our study population to patients who presented to the
emergency department with sepsis and excluded the 21.3% of sepsis cases that developed
after admission to the hospital or in the intensive care unit. Sensitivity analyses that include
the cases in which the protocol was initiated outside the emergency department, that
examine quarterly trends in the fraction of cases in which the protocol was initiated, and that
include patients who were not non-Hispanic white, non-Hispanic black, Hispanic or Asian
are presented in the online supplement.1’ The unit of analysis was the sepsis encounter.

The primary endpoint was a dichotomous outcome indicating timely completion of all the 3-
hour protocol elements. Secondary outcomes were 6-hour protocol completion and in-
hospital mortality. The primary independent variable was patient race or ethnic group (white,
black, Hispanic or Asian). In a secondary analysis of within- and between-hospital racial
disparities (described below), we constructed a hospital-level variable denoting the fraction
of black patients with sepsis during the study period. Race/ethnicity was collected by the
hospital. Patient-level covariates and modeling previously described by Phillips et al.1?
include: site of infection, admission source, lower respiratory infection, mechanical
ventilation required prior to protocol initiation, the interaction between lower respiratory
infection and mechanical ventilation, diagnosis of severe sepsis vs. septic shock,
thrombocytopenia (<150,000 cell/mm3) metastatic cancer, lymphoma/leukemia/multiple
myeloma, patient age (continuous), square root of the comorbidity count, the interaction
between, age and square root of comorbidity count, serum lactate entered as a quadratic
expression, and the interaction between linear serum lactate and the square root of the
comorbidity count. Hospital-level covariates were geographic region (New York City
(NYC), non- NYC metropolitan, or rural location), teaching or non-teaching status, the
number of beds (continuous), the number of sepsis cases (continuous), and the proportion of
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sepsis cases with Medicaid coverage or who were designated as self-pay. We selected these
patient and hospital covariates to account for confounders or mediators of the relationship
between race/ethnicity and study outcomes.

Statistical Analysis

First we performed binary analysis of completion of the 3- and 6-hour sepsis protocols and
patient mortality over time by race/ethnicity. We assessed the magnitude of racial and ethnic
disparity, defined as the absolute difference between the performance rate for white and
racial/ethnic minority patients.

For our primary analysis examining rates of 3- and 6-hour protocol completion we used
logistic regression with a robust standard error based on clustering patient observations
within hospitals. A robust standard error accounts for the possibility that observations within
a given hospital may be similar in nature. Consistent with NYS reporting, the patient-level
clinical and demographic covariates were not included in protocol completion, since timely
completion of the protocol represents a process-of-care that should be performed for all
eligible patients. A similar logistic model was used to generate mortality rates; however, this
model included the patient-level covariates described above.819 After running each model,
linear combinations of the coefficients were used to generate the specific rates of interest
along with 95% confidence intervals (CI) and p-values. We performed sensitivity analyses of
the 3- and 6- hour protocols by randomly selecting one observation for patients who had
multiple admissions for sepsis and of hospital mortality by using the last observation for
each patient in the database. To determine the extent to which payer-mix mediated racial
disparities, an additional sensitivity analysis adjusted for each hospital’s proportion of sepsis
cases with Medicaid coverage or self-pay status.

For the secondary analysis to examine white-black racial disparity within and between
hospitals, we constructed a mixed-effects logistic regression where the outcome was 3-hour
protocol completion and the primary independent variables were a 3-way interaction
between categorical race/ethnicity, all three 2-way interactions, a hospital level percentage of
black septic patients (continuous), and continuous time (quarter 2, 2014 through quarter 2,
2016). This model was adjusted for the following hospital characteristics: teaching facility
(dichotomized), non-profit status (dichotomized), region (NYC metro vs. non-NYC metro
vs. rural), hospital observations (continuous), and the number of certified hospital beds
(continuous). The difference in completion between the last and the first quarter for whites
and for blacks were generated using combinations of the model coefficients. This analysis
produced estimates of trends in adjusted outcomes for white and black patients according to
the fraction of the patients in their treating hospital who were black. To determine whether
this analysis was robust to exclusion of outlier hospitals with high proportions of black
patients, a sensitivity analysis estimated this model after excluding 5 hospitals with 70% or
more black patients. We also estimated this model after excluding hospital characteristics.
All statistical analyses were performed with Stata/MP (version 14.2, StataCorp LLC,
College Station, Texas).
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Our study has limitations. First, the observational study design cannot establish a causal
relationship between the NYS Sepsis Initiative and increased racial and ethnic disparities.
Secondly, though we found no significant differences in mortality trends between white and
black patients, the point estimates indicate that mortality declined by 4.5 percentage points
among white patients and 2.2 percentage points among black patients. This suggests that we
may have been underpowered to detect meaningful racial differences in mortality trends,
though we note significant reductions in mortality for the entire cohort. Nevertheless, the
emergence of a disparity in protocol completion is concerning, given the evidence of an
association between timely protocol completion and a lower rate of mortality.82 Third, it is
possible that facility-level factors such as staffing, ED crowding, and quality improvement
infrastructure may have mediated the observed disparities between hospitals with higher and
lower fractions of black patients, but information on these factors were not available in our
data. Fourth, our study focused on the measures targeted by the NYS Sepsis Initiative and
did not assess changes in other key performance domains, including indicators of safety,
efficiency, and patient-centeredness. Fifth, we lacked data on compliance with the 3- and 6-
hour protocol for patients that did not have the protocol initiated. However, racial and ethnic
differences in the rates of protocol initiation did not appear to change over time. Finally, our
study sample had relatively small fractions of Hispanic (11.0%) and Asian patients (5.1%)
limiting our ability to characterize trends for these groups. Further studies that focus on
sepsis care and outcomes for these populations are needed.

Patient Characteristics

Our study sample included 50,029 emergency department encounters for severe sepsis and
septic shock, consisting of white (66.6%), black (17.3%), Hispanic (11.0%) and Asian
(5.1%) patients. Compared to white patients, black and Hispanic patients were younger, and
had a greater number of comorbid conditions (Exhibit 1). Both black and Hispanic patients
were more likely than white patients to receive care at larger hospitals, teaching hospitals,
and hospitals that treated a greater number of sepsis cases. Additionally, black and Hispanic
patients were more likely to live within New York City.

Racial and Ethnic Performance Rates for Protocol Completion and Mortality

In the first quarter of the study, there were no statistically significant differences in rates of
unadjusted 3-hour completion between white (60.8% [95% CI 56.1-65.5]), black (59.7%
[95% CI 53.9 to 65.5]), Hispanic (62.6% [95% CI 55.9 to 69.2]), and Asian (58.8% [95% ClI
49.0 to 68.7]) patients (Exhibit 2). Over the 2.25-year study period, white patients
experienced a greater increase in the adjusted rate of the 3-hour protocol completion (14.0
percentage points [95% CI 9.2 to 18.9]) compared to black patients (5.3 percentage points
[95% CI -2.1 to 12.7]; P=0.025 for comparison of improvement between white and black
patients; Exhibit 3). Rates of improvement in 3-hour protocol completion were 6.7
percentage points [95% CI —1.0 to 14.5] for Hispanic patients and 8.4 percentage points
[95% CI 1.3 to 15.6] for Asian patients. The magnitudes of improvement observed among
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Hispanic and Asian patients were not statistically different when compared to whites
(Exhibit 2 and Appendix exhibit A4).17

White patients made a greater improvement in 6-hour protocol completion (14.7 percentage
points [95% CI 9.6 to 19.8]) compared to black patients (6.8 percentage points [95% CI -0.9
to 14.4]; P=0.04 for comparison of change between white and black patients; Exhibit 2 and
Appendix exhibit A5).17 An analysis of all patients (emergency department, intensive care
unit, and wards) showed that white patients made a greater improvement in 3-hour protocol
completion (13.7 percentage points [95% CI 8.9 to 18.4]) over the study period compared to
black patients (5.7 percentage points [95% CI —1.5 to 13.0]; P=0.037 for comparison of
improvement between white and black patients; Appendix exhibit A6 and A7).17 Results for
the 3- and 6-hour protocol completion remained significant following sensitivity analyses
that randomly selected one observation among patients with multiple episodes of sepsis
(Appendix exhibit A8)17 and that adjusted for each hospital’s fraction of cases with
Medicaid or self-pay status (Appendix exhibit A9).1” Compared with white, black patients
had lower rates of protocol initiation and Asian patients had higher rates, but these
differences remained stable over the study period. (Appendix exhibit A10).17

In the first quarter of the study, risk-adjusted mortality rates were statistically similar for
white (25.8% [95% CI 24.0 to 27.6]), black (25.4% [95% CI 22.3 to 28.5]), Hispanic (24.6%
[95% CI 20.7 to 28.5]), and Asian patients (21.9% [95% CI 18.0 to 25.7]). Risk-adjusted
rates of mortality decreased 4.5 percentage points [95% CI —6.7 to —2.2] for white patients,
2.2 percentage points [95% CI —7.4 to 2.9] for black patients, 7.5 percentage points [95% CI
-11.7 to —3.3] for Hispanic patients, and increased 1.7 percentage points [95% CI -4.1 to
7.4] for Asian patients. The difference in the magnitudes of change between white and
minority patients did not reach statistical significance (Exhibit 2, Appendix exhibit A8).1

Within- and Between-Hospital Racial and Ethnic Differences in 3-hour Protocol Completion
and Mortality

We identified a relationship between an increasing black patient population within hospitals
and lower magnitudes of improvement in completion of the 3-hour protocol. For example,
hospitals that cared for a 10% black patient population improved by 9.0 percentage points
[95%CI1 4.8 to 13.3], while those caring for a 50% black patient population improved 2.2
percentage points [95%CI1 —3.9 to 8.3], resulting in an adjusted difference of 6.8 percentage
points [95%CI 12.9 to 0.08] (P=0.027), (Appendix exhibit A11).17 Exhibit 4 illustrates the
results of a mixed effects model that partitions the variance in disparities into within and
between hospital components. For both white and black patients, hospitals that cared for an
increasing percentage of black patients made smaller magnitudes of improvement in
completion of the 3-hour protocol. However, within each hospital, white and black patients
made equal levels of improvement in the 3-hour protocol. Among black patients,
approximately 20% of all encounters occurred in hospitals in which the proportion of
patients who were black was 70% or greater. Exclusion of these hospitals yielded similar
findings to those of our main analysis (Appendix exhibit A12).17 The distribution of white
and black patients within hospitals is shown in Appendix exhibit A13 and an analysis that
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did not adjust for hospital characteristics produced similar results to our fully adjusted model
(Appendix exhibit A14).17

Discussion

We examined racial and ethnic trends in health care and outcomes following the New York
State Sepsis Initiative, a statewide mandate designed to improve the quality of care delivered
to patients with sepsis. Our findings indicate that while protocol adherence improved for all
racial/ethnic groups following the implementation of the Sepsis Initiative, these
improvements were accompanied by the emergence of a disparity between white and black
patients. Black, white, Hispanic, and Asian patients had similar initial rates of completion of
the 3- and 6-hour protocols: the low performance in protocol completion among all racial
and ethnic groups at the study onset suggests that the protocol was not a widely targeted goal
in sepsis care prior to the NY'S Initiative. In the first 2.25 years of the Sepsis Initiative, white
patients experienced a greater improvement compared to black patients. An analysis that
adjusted for where patients received care demonstrated that white and black patients
received equivalent care when treated within the same hospital. However, hospitals that
cared for higher proportions of black patients showed limited improvement in protocol
completion, while those caring for predominately white patient populations improved more
substantially. Finally, we did not find evidence of an increased disparity in risk-adjusted
mortality between white and minority patients.

Although the National Academies of Medicine and others have established equity as a
fundamental dimension of the quality of care, empirical evidence about the effects of quality
improvement interventions on equity is limited.12-14 In theory, interventions that improve
the consistency of care or that standardize treatment protocols may reduce unwanted racial/
ethnic variations in the use of effective care. The findings of our study, however, raise
concerns about the potential for broadly targeted quality improvement initiatives to
exacerbate inequities in care. Our findings align with a study of New York State’s Coronary
Avrtery Bypass (CABG) report card.20 In that study, Werner et al. demonstrated that
implementation of statewide public reporting of surgical outcomes resulted in fewer black
and Hispanic patients receiving cardiac surgery, potentially because providers avoided
treating minority patients who they perceived to have a higher risk of mortality. In contrast
to the findings of Werner et al., the increased racial gap in sepsis treatment is unlikely to be
the result of hospitals’ avoidance of high-risk patients in response to public reporting. The
NYS Sepsis Initiative did not publicly report performance data before 2017, and it is
unlikely that hospitals can select the patients who they treat for sepsis. Instead, the
emergence of a disparity in sepsis care occurred because hospitals treating higher fractions
of black patients made lower gains in performance, though white and minority patients were
treated similarly when cared for within the same hospital.

Our findings extend prior research documenting that racial and ethnic disparities are often
driven by where patients receive care.21-24 For instance, Hasnain-Wynia et al. demonstrated
that controlling for the differences between treating hospitals accounted for the majority of
observed racial and ethnic disparity in the quality of hospital care for acute myocardial
infarction, congestive heart failure, and pneumonia.l> Further, a disproportionate number of
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black and Hispanic patients receive care from a small number of hospitals2225 and
physicians.26 Minority-serving institutions have been shown to operate with fewer resources,
less quality improvement infrastructure, more emergency department (ED) overcrowding,
21,28 and unfavorable nurse-to-patient ratios.2? These factors may explain why performance
gains lagged in these facilities. Although between-hospital differences were the primary
driver of disparities in sepsis care, other studies have reported that provider-level differences
remain an important source of disparities for other outcomes and conditions.1422:30 This
supports the continuing need to characterize patient and provider contributions to health care
disparities.

Our study has three main policy implications. First, stratified reporting of performance is
essential to understand the impact of quality improvement strategies on the equity of care for
vulnerable populations.1518 This is consistent with the mission priorties of the CMS Office
of Minority Health Equity Plan.31 Of note, the NYS Sepsis Initiative 3-hour protocol is
identical to the CMS SEP-1 core measure,® and CMS is considering tying the measure to
hospital reimbursement as part of a value-based payment strategy. If the results of our study
extend to other states, policymakers should monitor whether these incentives exacerbate
racial disparities in sepsis care, and penalize hospitals that disproportionately serve black
patients. Second, urgent efforts are needed to understand why performance improvements in
sepsis care lagged in minority-serving institutions in New York. Third, when implementing a
new quality improvement initiative, policymakers could identify minority-serving hospitals
at risk of poor compliance and collect data on their quality improvement infrastructure and
barriers to improving care. These efforts could determine whether these institutions have the
resources to successfully implement quality improvement strategies and direct financial and
technical support to hospitals that have difficulty meeting targeted performance thresholds.32

In conclusion we found that while the implementation of the NYS Sepsis Initiative was
associated with improved protocol adherence for all racial and ethnic groups, these
improvements were accompanied by the emergence of a widening disparity in sepsis care
between white and black patients over time. This disparity primarily arose from lower
performance gains in hospitals with higher proportions of black patients. Our study suggests
an urgent need to understand why improvements in sepsis care lagged in minority-serving
institutions in NYS. Policymakers should anticipate and monitor the effects of quality
improvement initiatives on disparities to ensure that all racial and ethnic groups realize their
benefits equitably.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Exhibit 3. Figure. Three-hour protocol completion for white and black patients with sepsis
presenting to the emergency department.

Authors’ analysis of data provided from the New York Sepsis Initiative. Notes. 3-hour
protocol completion is un-adjusted for patient level variables. The 95% confidence interval
uses a robust standard error based on clustering on the 175 hospitals. The Y-axis runs from
50 to 80%. White patient encounters = 33,284; black patient encounters = 8,642.
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Exhibit 4. Figure. Improvement in adjusted 3-hour protocol completion for all emergency
department patients stratified by the percent black septic patientsin the hospital.

Authors’ analysis of data provided from the New York Sepsis Initiative. Notes. Analysis
based upon a mixed effects logistic regression where the hospital’s percentage black
population, calendar quarter, and their interaction are entered into the model as a linear
continuous term (N=49,939). The white and the black populations are shown. Model
adjusted for teaching hospital (dichotomized), non-profit hospital vs. other, NYC vs. metro
vs. rural location, number of cases, and the number of certified hospital beds. The unit of
analysis is the hospital. There is no statistical difference between the lines representing white
and black patients. A figure displaying 95% confidence intervals is provided in the online
supplement (Appendix Exhibit A13)17,
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