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Clinical Investigations

National Performance on the Medicare SEP-1

Sepsis Quality Measure

Ian J. Barbash, MD, MS"%; Billie Davis, PhD*?; Jeremy M. Kahn, MD, MS'*

Objectives: The Centers for Medicare and Medicaid Services
requires hospitals to report compliance with a sepsis treatment
bundle as part of its Inpatient Quality Reporting Program. We
used recently released data from this program to characterize na-
tional performance on the sepsis measure, known as SEP-1.
Design: Cross-sectional study of United States hospitals partici-
pating in the Centers for Medicare and Medicaid Services Hos-
pital Inpatient Quality Reporting Program linked to Centers for
Medicare and Medicaid Services' Healthcare Cost Reporting
Information System.

Setting: General, short-stay, acute-care hospitals in the United
States.

Measurements and Main Results: We examined the hospital fac-
tors associated with reporting SEP-1 data, the hospital factors
associated with performance on the SEP-1 measure, and the
relationship between SEP-1 performance and performance on
other quality measures related to time-sensitive medical condi-
tions. A total of 3,283 hospitals were eligible for the analysis, of
which 2,851 (86.8%) reported SEP-1 performance data. SEP-1
reporting was more common in larger, nonprofit hospitals. The
most common reason for nonreporting was an inadequate case
volume. Among hospitals reporting SEP-1 performance data,
overall bundle compliance was generally low, but it varied widely
across hospitals (mean and sp: 48.9% * 19.4%). Compared with
hospitals with worse SEP-1 performance, hospitals with better
SEP-1 performance tended to be smaller, for-profit, nonteaching,
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and with intermediate-sized ICUs. Better hospital performance
on SEP-1 was associated with higher rates of timely head CT
interpretation for stroke patients (rho = 0.16; p < 0.001), more
frequent aspirin administration for patients with chest pain or
heart attacks (rho = 0.24; p < 0.001) and shorter median time
to electrocardiogram for patients with chest pain (rho = -0.12;
p <0.001).

Conclusions: The majority of eligible hospitals reported SEP-1
data, and overall bundle compliance was highly variable. SEP-1
performance was associated with structural hospital character-
istics and performance on other measures of hospital quality,
providing preliminary support for SEP-1 performance as a
marker of timely hospital sepsis care. (Crit Care Med 2018;
47:1026-1032)

Key Words: critical care; healthcare quality indicators; health
policy; health services research; Medicare; sepsis

epsis is a common cause of morbidity and mortality,

affecting over 1.5 million individuals annually in the

United States alone (1). Among hospitalized patients,
sepsis is the leading cause of death (2). Beyond the human toll
of morbidity and mortality, sepsis imposes substantial finan-
cial costs, accounting for over $20 billion in annual U.S. hos-
pital spending (3). Identifying and treating sepsis early in its
course can reduce sepsis-related morbidity and mortality, but
many patients with sepsis do not receive early and potentially
life-saving therapy (4-7).

One approach to improve the early recognition and treat-
ment of sepsis across the health system is to use regulatory
mandates for sepsis care (8). In New York State, where hos-
pitals are required to report their compliance with guideline-
based sepsis treatment bundles, adherence to these bundles is
associated with lower sepsis mortality (4). At the federal level,
the Centers for Medicare and Medicaid Services (CMS) insti-
tuted a sepsis quality measure as part of its Hospital Inpatient
Quality Reporting Program (IQRP) in October 2015 (9).
This program, known as “SEP-17, requires hospitals to re-
port their compliance with a multicomponent 3- and 6-hour
treatment and resuscitation bundle for patients with sepsis,
which includes antibiotic and fluid administration, blood
culture and lactate measurement, the use of vasopressors for
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fluid-refractory hypotension, and the bedside evaluation of a
patient’s response to treatment.

Although there is consensus on the importance of sepsis-
focused quality improvement in general, the SEP-1 reporting
program itself has generated considerable controversy related
to the administrative burden of data abstraction and reporting,
the potential to result in financial penalties for hospitals, and
concerns about the program’s ultimate impact on patient
care and outcomes (10-15). We sought to inform this debate
by evaluating national reporting patterns from the first year
of the program. Specifically, we sought to answer three ques-
tions critical to understanding the SEP-1 program: 1) what
characteristics are associated with whether a hospital reports
SEP-1 data, 2) what hospital characteristics are associated with
SEP-1 performance among reporting hospitals, and 3) is SEP-1
performance associated with hospital performance on other
quality measures related to time-sensitive healthcare?

MATERIALS AND METHODS

Study Design and Data

We performed a cross-sectional study of U.S. hospitals partici-
pating in Medicare’s IQRP, which is a requirement for all non-
federal hospitals that provide care for Medicare beneficiaries.
IQRP data, including data from the SEP-1 reporting program,
were obtained from CMS’s Hospital Compare website, which
publicly reports performance data for participating hospitals.
Hospital organizational data, including hospital size, own-
ership, and academic status, were obtained from Medicare’s
Healthcare Cost Reporting Information System (HCRIS).
Hospital Compare and HCRIS were linked using unique hos-
pital identifiers. The Hospital Compare data were from the fis-
cal year 2017 reporting period, running from October 1, 2016,
to September 30, 2017. We used HCRIS data from 2016, the
most recent year that reliable data are available. We restricted
the analysis to general, short-stay, acute-care hospitals because
these are the hospitals to which the SEP-1 program applies. We
excluded all other hospitals including critical access hospitals,
long-term acute-care hospitals, and specialty hospitals. We also
excluded hospitals with data in the Hospital Compare dataset
but not the HCRIS dataset.

Variables

Using the Hospital Compare and HCRIS datasets, we identi-
fied four sets of variables: 1) whether a hospital reported SEP-1
data, 2) SEP-1 performance, 3) general hospital characteristics,
and 4) performance on other quality measures related to time-
sensitive medical conditions.

SEP-1 Reporting. We used the Hospital Compare data to
identify whether a hospital reported any SEP-1 compliance
data. For hospitals that did not report SEP-1 data, we used
text fields in the Hospital Compare data to identify the reasons
cited for not reporting.

SEP-1 Performance. The Hospital Compare data contain
the percent compliance with the SEP-1 bundle among eligible
patients, as reported by hospitals. Since the SEP-1 measure is
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an “all-or-none” measure, this is the percentage of patients
with severe sepsis or septic shock who received every required
element of the SEP-1 bundle. We also identified the number of
SEP-1 cases each hospital reported to CMS, which is included
in the Hospital Compare data. This reported case volume does
not necessarily represent total annual sepsis case volume for
each hospital because the SEP-1 measure excludes patients
transferred from other hospitals, and it allows hospitals with
very high case volumes to report data on a subsample of
patients (i.e., 60 per quarter).

General Hospital Characteristics. Using 2016 HCRIS data,
we categorized hospitals according to ownership (nonprofit,
for-profit, government), teaching status using the resident-to-
bed ratio (nonteaching if no residents, small teaching if ratio
< 0.2, large teaching if ratio 0.2 or greater), hospital bed totals
(small < 100 beds, medium 100-249 beds, and large 250 beds
or more), and ICU bed totals (0 beds, < 5 beds, 5-14 beds,
15-29 beds, and 30 or more beds), as performed previously
(16,17).

Performance for Other Time-Sensitive Conditions. We
used Hospital Compare data to assess hospital performance on
other core measures related to time-sensitive conditions. We
focused our analyses on quality measures from the “Timely
and Effective Care” domain, which includes SEP-1. In addition
to SEP-1, we included three other “Timely and Effective Care”
measures that were reported by hospitals that also reported
SEP-1 data and might provide insight into how a hospital per-
forms in treatment of time-sensitive conditions: OP-4, which is
the proportion of patients presenting with chest pain and acute
myocardial infarction (AMI) who receive aspirin in the emer-
gency department (ED); OP-20, which is the proportion of
patients with stroke or intracranial hemorrhage for whom the
interpretation of a head CT scan is available within 45 minutes
of ED arrival; and OP-5, which is the median time to obtaining
an electrocardiogram (ECG) for ED patients with chest pain
or myocardial infarction. We hypothesized these measures to
reflect a hospital’s underlying quality of care for time-sensitive
conditions. To the degree that SEP-1 performance also reflects
the quality of care for time-sensitive conditions, it should cor-
relate with these measures.

Analysis

To understand the hospital factors associated with SEP-1 re-
porting, we compared characteristics of hospitals that reported
SEP-1 data with those that did not, using chi-square statistics.
We also summarized the frequency of different reasons cited
for not reporting data.

To understand variation in SEP-1 performance, we first
dropped hospitals that did not report on SEP-1. Among the
remaining hospitals, we calculated the mean and sp of the re-
ported SEP-1 performance rates. To visually illustrate the vari-
ation in SEP-1 performance, we created a caterpillar plot of the
reported SEP-1 performance rates. We calculated the 95% Cls
for these rates using binomial sts.

To understand the association between hospital character-
istics and SEP-1 performance, we performed a series of linear
1027
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regression models, with SEP-1 performance as the dependent
variable and categorical hospital characteristics as independent
variables. We first fit univariable models with each of several
categorical variable: categorized reported SEP-1 case volume,
hospital ownership, teaching status, hospital size, and ICU size.
Next, to understand which characteristics were independently
associated with SEP-1 performance, we fit a multivariable linear
regression model with all hospital characteristic variables. Using
this multivariable model and STATA’s postestimation margins
command (StataCorp, College Station, TX), which generates
population-averaged estimates, we created graphs illustrating
the relationship between adjusted SEP-1 performance and re-
ported SEP-1 case volume, hospital ownership, and hospital size.

Finally, we evaluated whether hospital performance on
SEP-1 was associated with performance on other measures
of timely and effective care—timely head CT interpretation
in stroke, and aspirin administration and time to ECG for
patients with chest pain or AMI. We first excluded hospitals
with performance on these measures above the 99th percentile
or below the first percentile to improve the visual interpreta-
bility of the comparisons. We then calculated Spearman rank
correlation coefficient (p) for pairwise comparisons between
SEP-1 performance and each of the other performance meas-
ures. Because not all hospitals reported on all measures, the
number of hospitals varied across these pairwise comparisons.
To visually represent each comparison, we created scatterplots
with lines of best fit.

We conducted all analyses using STATA version 15.1
(StataCorp, College Station, TX). We defined statistically sig-
nificant associations using a p value of less than 0.05. This re-
search was reviewed by the University of Pittsburgh Human
Research Protection Office and determined not to constitute
human subjects research because it used only publicly available
hospital-level data.

RESULTS

A total of 3,283 general, short-stay, acute-care hospitals par-
ticipated in IQRP and could be linked to HCRIS data. Of these
hospitals, 2,851 (86.8%) reported SEP-1 performance data in
Hospital Compare (Table 1). Compared with hospitals that did
not report, hospitals reporting SEP-1 data were more likely to
be large, nonprofit, teaching institutions. The most common
reason for not reporting SEP-1 data was that there were no el-
igible cases or too few eligible cases to report (366 hospitals,
11% of total). A small minority of hospitals (66 hospitals, 2%
of total) cited no reason or other reasons for not reporting
SEP-1.

Among hospitals reporting SEP-1 data, SEP-1 performance
was highly variable, with a mean of 48.9% + 19.4% bundle
compliance and a range from 0% to 100% (Fig. 1). The me-
dian number of patients per hospital was 87 (range, 11-1,117;
interquartile range, 59-133).

Table 2 displays the results of linear regression models
analyzing SEP-1 performance and hospital characteristics. In
pairwise single predictor variable models, higher SEP-1 perfor-
mance was associated with larger reported SEP-1 case volumes,
1028
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TABLE 1. Prevalence of SEP-1 Reporting
Among Eligible U.S. Hospitals

Hospital Reported, Did Not
Characteristics n n (%) Report, n (%)
All hospitals 3283 2,851(86.8) 432(132)
By hospital type®
Ownership
Nonprofit 1,931 1,821(943) 110(b.7)
For-profit 804 621 (77.2) 183 (22.8)
Government 548 409 (746) 139 (25.4)
Teaching status
Non teaching 2147 1752 (81.6) 395(18.4)
Small teaching 703 685 (97.4) 18 (2.6)
Large teaching 433 414 (956) 19 (4.4)
Total bed count
<100 1,221 836(685) 385(31.b)
100-250 1,194 1,152 (96.5) 42 (3.5)
> 250 868  863(99.4) 5 (0.6)
ICU bed count
0 463 129 (279) 334 (72.1)
<b 120 91 (75.8) 29 (24.9)
5-14 1,028 981 (95.4) 47 (4.6)
16-29 604 593 (98.2) 11(1.8)
>30 1,068 1,057 (99.0) 11 (1.0)

2p < 0.001 for comparisons of hospital characteristics of reporting vs
nonreporting hospitals, for all examined hospital characteristics.

1004 ]

80+

60+

40+

SEP-1 % Compliance

20+

Hospitals

Figure 1. Distribution of SEP-1 bundle compliance across hospitals.
Black dots are point estimates as reported in the hospital compare data.
Gray bars represent 95% Cls from a binomial distribution.

for-profit ownership, nonteaching status, smaller hospital
size, and intermediate ICU size. In the multivariable model,
case volume, hospital ownership, and hospital size were most

August 2019 « Volume 47 « Number 8

Copyright © 2018 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Clinical Investigations

TABLE 2. Univariable and Multivariable Associations Between Hospital Characteristics and
Level of SEP-1 Performance (n = 2,851 Hospitals)

Bivariable Models

95% CI

Variable

Multivariable Models

95% CI

Reported SEP-1 case volume

11-25 Reference

26-50 6.39 2.78-9.99

Bi=rs 8.19 4.86-11.63

76-100 6.68 3.29-10.08

101-1560 5.8 2.48-9.22

151-200 5.20 1.27-9.13

> 200 51 2.39-9.64
Hospital ownership

Nonprofit Reference

For-profit 8.81 708-10.53

Government -2.63 -4.56 to —0.49
Teaching status

Nonteaching Reference

Small teaching =117 —2.87 to 0.53

Large teaching =LBul'T =783 to =3.70
Hospital size

<100 Reference

100-250 -1.28 —-3.00t0 0.43

> 250 -4.57 —6.40 to —2.73
ICU size, ICU beds

0 Reference

<5 3.40 —-1.77 to 8.66

5-14 6.19 2.66-9.73

156-29 5.27 1.60-8.94

> 30 1.61 -1.1910 b6.13

Reference
0.001 6.03 2.42-9.64 0.001
< 0.001 9.36 5.88-12.84 < 0.001
< 0.001 9.35 5.72-12.97 < 0.001
0.001 9.03 5.36-12.69 < 0.001
0.01 8.26 4.12-12.41 < 0.001
0.001 9.98 6.10-13.87 < 0.001
Reference
< 0.001 8.81 706-10.55 < 0.001
0.02 -1.91 -396t0 0.14 0.07
Reference
0.18 0.66 -1.20 to 2.52 0.48
< 0.001 -2.44 —4.711t0-0.16 0.04
Reference
0.14 -3.85 -6.03 to 1.67 0.001
< 0.001 -4.64 =772 to 1.56 0.003
Reference
0.20 1.56 -3.49 to0 6.60 0.55
0.001 3.31 —0.33 to 6.95 0.08
0.005 3.07 -1.07 to 7.21 0.15
0.37 1.11 —3.27 to0 5.50 0.62

2Beta coefficients are interpreted as the relative difference in percent compliance between the given category and referent category.

strongly associated with SEP-1 performance. Figure 2 depicts
the relationship between selected hospital characteristics and
SEP-1 performance, adjusted for the other hospital character-
istics in the model from Table 2.

Performance on SEP-1 was statistically significantly associ-
ated with all three timely and effective care measures (Fig. 3).
Higher rates of SEP-1 bundle compliance were associated
with higher rates of timely head CT interpretation for stroke
patients (p = 0.16; p < 0.001; 1,365 hospitals), more frequent
aspirin administration for patients with chest pain or AMI
(p = 0.24; p < 0.001; 1,771 hospitals), and shorter median
time to ECG for patients with chest pain or AMI (p = -0.12;
p <0.001; 1,794 hospitals).

Critical Care Medicine

DISCUSSION
In a national study of hospital-level SEP-1 reporting and per-
formance, we found that the vast majority of eligible hospitals
reported SEP-1 data. Among hospitals reporting SEP-1 data,
the average SEP-1 bundle compliance rate was only around
50%, confirming prior work demonstrating that many patients
may not be receiving care consistent with current sepsis guide-
lines (7, 18, 19). In addition, performance varied widely across
hospitals, with smaller, for-profit, nonteaching hospitals re-
porting higher SEP-1 bundle completion rates, as did hospitals
caring for greater numbers of patients with sepsis.

The finding that nearly all eligible hospitals reported SEP-1
data is reassuring, since SEP-1 reporting requires a major
1029
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financial and organizational investment (10, 12). Despite these
costs, it appears that the vast majority of hospitals were able
to successfully collect and report SEP-1 data. This finding sug-
gests that the SEP-1 measure will not force large numbers of
hospitals to face financial penalties for nonreporting, at least
so long as SEP-1 remains only a “pay-for-reporting” measure
rather than a “pay-for-performance” measure. At the same
time, the opportunity costs of investments in data reporting
may impose indirect effects even when hospitals do not receive
financial penalties for nonreporting. Future work should be
devoted to developing and testing ways to reduce the burden
of SEP-1 data collection and reporting, perhaps through the
development of tools in the electronic health record.

Our finding that SEP-1 bundle compliance was higher in
smaller, for-profit hospitals provides preliminary insight to
the organizational determinants of variation in sepsis perfor-
mance. One possible explanation for these findings is varia-
tion in case-mix. Sepsis case-mix differs across hospitals (1),
and the increased complexity of the SEP-1 bundle for patients
with septic shock may drive lower compliance in hospitals
with a greater proportion of patients in shock (20). In addi-
tion, patients with comorbid cardiac or renal disease may be
less likely to receive fluid volumes consistent with the SEP-1
bundle (21). Greater concentrations of patients with more se-
vere sepsis or comorbid illnesses in larger, nonprofit hospitals
could contribute to our findings.

1030
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Figure 2. Association between adjusted SEP-1 performance and hospital
characteristics. Better SEP-1 performance, as measured by percent
bundle compliance, was associated with higher reported SEP-1 case
volumes (A), smaller hospital size (B), and for-profit hospital owner-

ship (C). Adjusted SEP-1 performance was predicted from multivariable
model including reported SEP-1 case volume, hospital size, ownership,
teaching status, and ICU size, using postestimation margins.

Another consideration is that EDs at smaller, for-profit hos-
pitals may be less crowded, facilitating earlier identification
and treatment of patients with sepsis and other time-sensitive
conditions (22-24). This explanation would be consistent with
our observation that better SEP-1 performance is associated
with other measures of hospitals’ ability to provide time-sen-
sitive care. A prior study of sepsis resuscitation bundles also
identified smaller hospitals as providing more bundle-com-
pliant care (4). Ultimately, understanding the mechanisms by
which some hospitals achieve more rapid sepsis identification
and treatment is a prerequisite to expanding these strategies
to other hospitals, which would improve sepsis care and out-
comes broadly.

Our findings provide some mechanistic insight into known
volume-outcome relationships and point to time-sensitive
care processes as potential targets for quality improvement.
Previous studies consistently report a volume-outcome re-
lationship in sepsis, whereby patients admitted to hospitals
caring for higher volumes of patients with sepsis experience
greater survival (25). We found that SEP-1 compliance was
lowest in hospitals with very low case volumes, but that the
effect of higher case volumes leveled off at around 75 annual re-
ported cases. The absence of a consistent volume-performance
relationship at higher case volumes may reflect the fact that
the SEP-1 program excludes patients transferred between hos-
pitals, for whom care may differ from those directly admitted
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(26) and allows hospitals with very high case volumes to report
data on a subsample of patients. Nevertheless, our findings
support a conceptual model of the sepsis volume-outcome re-
lationship in which worse outcomes at the lowest volume hos-
pitals are explained in part by less timely sepsis care at these
hospitals. Under this model of the volume-outcome relation-
ship, SEP-1 bundle compliance is at least a marker, if not the
defining feature, of timely sepsis care. Understanding which
strategies allow higher volume hospitals to excel at delivering
time-sensitive care, so that these practices can be disseminated
to lower volume hospitals, could thereby improve sepsis care
across the health system.

These results support the overall value of the SEP-1
measure by providing additional construct validity (27).
Specifically, our analysis demonstrates that performance on
the SEP-1 measure tracks with multiple other established
measures of quality for time-sensitive conditions, as would
be expected if hospital quality for time-sensitive conditions
is related to shared factors related to timely and effective
emergency care. Examples of such factors may be an organ-
izational commitment to communication and coordination
among care groups (28) or the use of written protocols for
recognition and treatment of acute illness (29). There is a ro-
bust body of evidence demonstrating that early identification
and treatment of sepsis saves lives (4, 5). Our findings suggest
that hospitals that comply with the SEP-1 bundle also imple-
ment time-sensitive diagnostic and treatment processes for
other emergency medical conditions.

Critical Care Medicine
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hospitals), and shorter median time to initial electrocardiogram (EKG) for
patients with chest pain or acute myocardial infarction (C, p =-0.12;
p<0.001; 1,794 hospitals).

Our study has several limitations. First, SEP-1 compliance
and other process data are self-reported and have not under-
gone external audit, creating the potential for inaccuracies. For
example, variability between data abstractors in their approach
to defining sepsis “time zero” relative to the bundle components
could lead to better SEP-1 performance (30); if this were to occur
systematically in smaller, for-profit hospitals, it could contribute
to our findings. This vulnerability is particularly challenging
given the complex measure specification and concerns over the
challenge of resolving different clinical definitions of sepsis (10).

Second, we analyzed only overall SEP-1 performance, and it is
possible that the reasons for SEP-1 failure differed across hospi-
tals. A hospital with low SEP-1 performance due to a lack of doc-
umentation, which is not inherently linked to patient outcomes,
likely differs from a hospital with low SEP-1 performance due to
widespread delays in antibiotic administration, which correlates
strongly with higher sepsis mortality (4, 5). SEP-1 is collected
and reported as an “all-or-none” measure, which necessarily
limits the ability of hospitals and investigators to use the data to
understand the mechanisms behind low and high performance.
Although some hospitals track the individual components of
SEP-1 performance, not all hospitals have the resources to do
so (10). Many have argued to allow hospitals more flexibility to
focus on aspects of care that are most tightly linked to better
patient-centered outcomes (10, 15,20). Indeed, since the original
release of SEP-1, CMS simplified the component required for the
reassessment of a patient’s response to therapy, which may allow
hospitals to concentrate their efforts beyond documentation.
1031
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Ongoing changes to the SEP-1 reporting requirements that yield
more granular insight into reasons for success or failure and in-
crease the flexibility of the measure might facilitate both process
improvement and research insights across the health system.

Finally, although our results provide evidence supporting
construct validity of the SEP-1 measure in general, its impact
on patient outcomes remains uncertain. The overall magni-
tude of the associations between SEP-1 and other performance
measures was weak, tempering the strength of our conclu-
sions. The evidence base for sepsis diagnosis and treatment is
dynamic, and all quality measures should incorporate ongoing
evidence as it accumulates. Perhaps more importantly, proto-
colized sepsis bundles do not improve outcomes in randomized
trials—and in fact may incur excess costs (31). We therefore
need to understand how SEP-1 implementation has affected
outcomes of patients with and without sepsis, including in-
tended benefits like earlier sepsis recognition and treatment,
and unintended harms such as excessive fluid administration
or adverse effects of the widespread application of broad-spec-
trum antibiotics across the health system.

CONCLUSIONS

In a national study of U.S. hospitals’ SEP-1 reporting and per-
formance, we found that the primary reason for nonreporting
was an inadequate case volume and that SEP-1 performance was
higher in smaller, for-profit hospitals and in those with higher
case volumes. SEP-1 performance was also associated with other
ED-based process measures for time-sensitive care, providing a
preliminary signal that compliance with the SEP-1 bundle is a
marker of a hospital’s ability to deliver timely sepsis care. Future
work will need to evaluate the link between these hospital-level
observations and patient-level data on sepsis treatment processes
and outcomes associated with the SEP-1 reporting program.
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