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Abstract

Objective—Sepsis care is becoming a more common target for hospital performance 

measurement, but few studies have evaluated the acceptability of sepsis or septic shock mortality 

as a potential performance measure. In the absence of a gold standard to identify septic shock in 

claims data, we assessed agreement and stability of hospital mortality performance under different 

case definitions.

Design—Retrospective cohort study.

Setting—United States acute care hospitals.

Patients—Hospitalized with septic shock on admission, identified by either implicit diagnosis 

criteria (charges for antibiotics, cultures and vasopressors), or by explicit International 
Classification of Diseases, 9th Revision (ICD-9) codes.

Interventions—None

Measurements and Main Results—We used hierarchical logistic regression models to 

determine hospital risk-standardized mortality rates and hospital performance outliers. We 

assessed agreement in hospital mortality rankings when septic shock cases were identified by 

either explicit ICD-9 codes or implicit diagnosis criteria. Kappa statistics and intra-class 

correlation coefficients (ICC) were used to assess agreement in hospital risk-standardized 
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mortality and hospital outlier status, respectively. 56,673 patients in 308 hospitals fulfilled at least 

one case definition for septic shock, while 19,136 (33.8%) met both the explicit ICD-9 and 

implicit septic shock definition. Hospitals varied widely in risk-standardized septic shock 

mortality (interquartile range of implicit diagnosis mortality: 25.4-33.5%; ICD-9 diagnosis: 

30.2-38.0%). The median absolute difference in hospital ranking between septic shock cohorts 

defined by ICD-9 vs. implicit criteria was 37 places (IQR16-70), with an ICC of 0.72, p<0.001; 

agreement between case definitions for identification of outlier hospitals was moderate [kappa 

0.44, (95% CI 0.30-0.58)].

Conclusions—Risk-standardized septic shock mortality rates varied considerably between 

hospitals, suggesting that septic shock is an important performance target. However, efforts to 

profile hospital performance were sensitive to septic shock case definitions, suggesting that septic 

shock mortality is not currently ready for widespread use as a hospital quality measure.
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Sepsis is the most common reason for non-elective hospitalization and hospital readmissions 

in the United States,(1, 2) with short-term mortality rates of approximately 20-30%(3) and 

significant long-term morbidity and mortality.(4) The major public heath burdens of sepsis, 

paired with large unexplained variation in practice patterns,(5–7) make sepsis a logical target 

for hospital performance profiling and quality improvement. In response, a sepsis 

performance measure (SEP-1) was recently introduced by the Centers of Medicare and 

Medicaid Services (CMS).(8) CMS SEP-1 measures multiple processes of care across the 

first 6 hours of sepsis management.(9) However, the high costs,(10) large administrative 

burdens, and poor quality evidence linking individual SEP-1 process measures to improved 

patient outcomes(3, 11) have elicited substantial controversy.(12)

In contrast to the resource-intensive and evidence-dependent nature of process performance 

measures, outcome measures represent a more patient-centered and efficient method of 

measuring hospital performance.(13, 14) Mortality measures allow hospitals to tailor quality 

approaches to local contexts in order to achieve outcome improvements. However, outcome-

based performance measures face substantial challenges that include the need for risk 

adjustment,(15–18) and sensitivity to variation in documentation and coding between 

hospitals.(19, 20) In the case of sepsis and septic shock, the lack of a gold standard 

definition(21, 22) coupled with changes in Consensus definitions(23) and hospital variation 

in patterns of claims coding(24) have the potential to substantially affect risk-adjusted 

outcomes such as mortality rates.

Multiple conditions are the subject of hospital outcome performance assessments, such as 

validated CMS measures for myocardial infarction, heart failure and pneumonia mortality.

(8) Prior to approval by organizations such as the National Quality Forum, potential 

performance measures must demonstrate clinically meaningful opportunities for 

performance improvement and establish their “scientific acceptability”.(25) While sepsis is 

of substantial clinical importance, with evidence of performance gaps between hospitals for 

sepsis risk-adjusted mortality seen at the state level,(26) little evidence supports the 
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scientific acceptability of traditional methods used for comparing outcomes between 

hospitals for sepsis as a national outcome measure. Because an outcome measure for 

hospital sepsis management could overcome limitations of SEP-1, we sought to evaluate the 

effect of using different definitions of septic shock upon hospital mortality performance 

assessments.

Methods

Data source

We performed a retrospective cohort study of hospital mortality rates using de-identified, 

enhanced administrated claims data from Premier, Inc. using hospitalizations during the year 

2014. Premier data include fields available in traditional hospital administrative claims such 

as patient demographics, ICD-9 codes for diagnoses and procedures, and patient hospital 

discharge status (ie., hospital mortality), as well as detailed, time-stamped information on all 

charges during the hospitalization, including medications, laboratory, and imaging orders. 

Premier data uniquely allowed evaluation and comparison of patient cohorts defined using 

traditional claims as well as using cohorts defined using medications and laboratory orders. 

Hospitals voluntarily submit data to Premier for benchmarking and quality assessment and 

Premier data represent a non-random, approximate 20% sample of all hospitalizations in the 

United States.

Septic Shock Cohorts

We chose septic shock as the condition of interest for a hospital outcome measure because of 

its high mortality rate and the ability to detect septic shock using two different methods, both 

of which have been previously validated against chart data and/or and Consensus criteria.

(23) The National Quality Forum defines a quality measure as “valid” if it agrees with 

another authoritative source of quality measurement.(25) Because no gold standard 

definition of septic shock exists,(21) we evaluated the acceptability of a septic shock 

outcome measure by assessing the agreement between two different definitions of “septic 

shock”: 1) A cohort with an implicit diagnosis of septic shock on admission (based upon any 

duration of charges for intravenous antibiotics, blood cultures and vasopressors during the 

first two days of hospitalization, previously validated against medical chart criteria with 

sensitivity of 88% and specificity of 92%);(27) and 2) an explicit ICD-9 code-based 

definition defined by a diagnosis for septicemia (ICD-9 038) present on admission along 

with ICD-9 785.52 for septic shock(23) [i.e., explicit “ICD-9 definition”, an approach with a 

lower sensitivity (48%) and higher specificity 99%].(27)

Patients were excluded if they were discharged alive within 48 hours of admission, were 

transferred from another hospital, left against medical advice, had unknown gender or vital 

status, or were admitted to a hospital with fewer than 25 cases of septic shock, similar to 

CMS methods for other conditions.(28) An index hospitalization was chosen randomly for 

patients with more than one hospitalization.(28)
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Statistical Analysis

We used multivariable-adjusted hierarchical logistic regression models (SAS proc 

GLIMMIX) to calculate predicted-to-expected mortality ratios for each hospital as a 

measure of risk-standardized hospital mortality rates (RSMR).(29, 30) All models included 

patient age, sex, 29 Elixhauser/Gagne comorbid conditions present on hospital admission,

(31–33) and sepsis-associated acute organ failures present on admission (ICD-9 codes for 

renal, respiratory, hepatic, metabolic, and neurological failure)(34, 35) (eTable 2 in 

Supplemental Digital Content), with a random intercept calculated for each hospital to 

account for correlated outcomes within each hospital.(34, 35) RSMRs were calculated as 

previously described(8, 29, 30) from the ratio of the number of predicted deaths to the 

number of expected deaths at each hospital, multiplied by the average hospital mortality rate 

in the sample, with confidence intervals calculated through 500-fold bootstrapping. We 

described hospital variation in mortality through 1) interquartile range of RSMR for each 

cohort, and 2) calculation of median odds ratios (MOR) of mortality based upon the hospital 

to which a patient was admitted.(36) The MOR is the median odds of mortality for similar 

patients who were admitted to two randomly selected hospitals from the sample, and 

provides an estimate of the median increased odds of mortality that would occur if a patient 

moved from a lower‐risk hospital to a higher‐risk hospital. Variation in hospital outcomes 

was shown using caterpillar plots of the RSMR for hospitals ranked in order of RSMR.

We used three different approaches to compare hospital RSMRs generated from each septic 

shock cohort definition. First, we calculated the absolute difference in hospital ranking 

between cohorts and reported the median and interquartile range of the differences in 

hospital ranking. Second, we calculated intra-class correlation coefficients (ICC class 3,1 per 

Shrout-Fleiss nomenclature), a measure of inter-rater reliability for continuous variables, to 

assess agreement between hospital RSMRs generated from each cohort.(18, 37) ICCs were 

similar to Pearson correlation coefficients in all analyses. Third, we reported the agreement 

between statistically significant hospital outliers identified between cohorts. An outlier 

hospital was defined by the presence of a RSMR 95% confidence interval that did not 

include the average cohort mortality rate.(28) Because power to detect statistically 

significant outliers differs between cohorts based upon sample size, we also divided 

hospitals into quartiles of RSMR and used modified kappa statistics to evaluate agreement 

between quartiles of RSMR between cohorts.(38) As per convention, we a priori defined 

ICC and kappa statistics >0.8 as “strong agreement”. (18, 37, 38)

Sensitivity Analyses

Sepsis can be triggered by different sources of infection with different risks of mortality; 

thus, we performed a sensitivity analysis adjusting for source of infection in the primary 

hierarchical logistic regression models. Infections present on admission were classified as 

previously described using ICD-9 codes for pneumonia, urinary tract infection, skin and soft 

tissue infection, ischemic bowel, and other intra-abdominal infections.(39) We performed an 

additional sensitivity analysis using an implicit sepsis cohort defined by any duration of 

blood cultures, antibiotics and vasopressors during the first two days with a less sensitive 

(75%), but more specific (97%) implicit septic shock cohort defined using more narrow 

criteria for antibiotics (at least 4 consecutive days) and vasopressors (at least 2 consecutive 
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days, unless patient died prior to the consecutive days criteria).(27) Finally, in order to 

evaluate agreement between two different methods of case identification using ICD-9 codes, 

we compared hospital rankings derived from a cohort identified with a broad ICD-9 code 

approach to identifying cases of sepsis (ICD-9 0.38x present on admission)(34) to the subset 

of patients with an ICD-9 code for septic shock (ICD-9 785.52).

SAS version 9.4 (Cary, NC, USA) was used for all statistical analyses. Study procedures 

were deemed not to be human subjects research by the Institutional Review Board of 

Baystate Medical Center.

Results

Comparison of cohorts

Among 6.4 million hospitalizations during the year 2014, 56,673 patients in 308 hospitals 

fulfilled inclusion criteria and at least one of the primary cohort definitions for septic shock, 

and 19136 (33.8%) met both the explicit ICD-9 and implicit antibiotics/vasopressor/culture 

septic shock definitions (Figure 1). Characteristics of patients included in the ICD-9 and 

implicit septic shock cohorts are shown in eTable 2 in Supplemental Digital Content. 

Multivariable models showed similar associations between patient characteristics and 

hospital mortality, regardless of cohort definition (eTable 3 in Supplemental Digital 

Content).

Hospital mortality rates for septic shock

The median unadjusted hospital mortality rate for the implicit septic shock cohort was 

27.8% (IQR 23.9-33.7), with a median RSMR of 28.8% (25.4-33.5), whereas median 

unadjusted mortality and RSMR for the ICD-9 septic shock cohort were 32.9 (27.4-39.0) 

and 34.3 (30.2-38.0), respectively. The median odds ratio between hospitals for mortality 

was 1.34 (95% CI 1.30-1.37) for the implicit diagnosis cohort and was also 1.34 (1.31-1.38) 

for the ICD-9 cohort. Variation of RSMRs for septic shock across hospitals using the 

implicit septic shock case definition criteria is demonstrated in Figure 2.

The median absolute difference in hospital ranking between the ICD-9 and implicit 

diagnosis septic shock cohorts was 37 (IQR16-70), with an ICC of 0.72, p<0.001 (Figure 3), 

signifying moderate agreement. There were 23 (7.5%) low performing outliers and 24 

(7.8%) high-performing outliers identified in the implicit cohort, whereas there were 13 

(4.2%) low-performing outliers and 20 (6.5%) high performing outliers in the ICD 9 cohort 

(Table 1). There was moderate agreement in identifying hospitals as outliers between the 

ICD-9 and implicit septic shock cohorts (kappa 0.44, 95% CI 0.30-0.58), with 6 of 13 (46%) 

high performing outliers and 8 of 20 (40%) low-performing outliers identified by ICD-9 
criteria not characterized as outliers using implicit criteria. Figure 2 demonstrates the 

location of rankings for each outlier hospital identified using ICD-9 criteria on the x-axis of 

the caterpillar plot for hospital rankings and outlier hospitals as defined by the implicit 

criteria. Agreement between cohorts for RSMR quartiles was similar to agreement for 

outliers (kappa 0.53, 95% CI 0.47-0.60, eFigure 1 in Supplemental Digital Content), with 
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39% and 32% of hospitals differing in classification within the top or bottom quartiles based 

upon use of ICD-9 or implicit septic shock criteria, respectively.

We evaluated agreement between the implicit septic shock cohorts defined by charges for 

any duration of antibiotics and vasopressors compared with a narrower cohort requiring at 

least 4 days of antibiotics and 2 days of vasopressors (and blood culture). Although adjusted 

hospital mortality in the cohort requiring consecutive days of antibiotics and vasopressors 

was expectedly higher (median 49.0%, IQR 45.4-52.9%), the median odds ratio for hospital 

variation was similar (1.38, 95% CI 1.34-1.43) to other sepsis cohorts, as was ICC (ρ = 0.76, 

p<0.001) and kappa statistic of (0.52, (95% CI 0.46-0.59) see Table 2) between the two 

cohorts identifying septic shock using implicit diagnosis criteria. Sensitivity analyses 

comparing ICD-9-based definitions of identifying sepsis and septic shock (Table 2) and the 

two implicit septic shock cohorts after adjustment for infection source [kappa statistic of 

0.53 (0.47-0.60) and ICC of 0.76] did not substantively change the results.

Discussion

Much of the growth in measuring hospital performance of the past decade has involved the 

use of validated outcome measures based upon cohorts defined using ICD-9 codes. Given 

the large public health burden and the complexity of current process quality measures 

focused on sepsis, developing a measure of hospital risk-standardized sepsis mortality would 

seem to be a logical choice for an outcome measure. However, the extent of variation in 

sepsis mortality between hospitals has been unclear and the validity of potential sepsis 

outcome measures has been underexplored. Across multiple methods of defining cases 

hospitalized with septic shock, we identified wide variation in hospital mortality, indicating 

that sepsis represents an important outcome measure and target for performance 

improvement. However, hospital performance rankings for septic shock mortality were not 

robust to use of different algorithms to define “septic shock”. Because the same hospitals 

were ranked differently based upon the manner in which septic shock was defined, our 

findings call into question whether a sepsis mortality measure is ready for implementation at 

this time.

Compared with established hospital outcome performance measures such as myocardial 

infarction and pneumonia, septic shock had larger between-hospital variation in 

performance. For example, reported interquartile ranges of RSMR for myocardial infarction 

(14.3-15.8%) and pneumonia (10.3-12.6%), were smaller than interquartile ranges of RSMR 

for septic shock (27.4-39.0%) identified in the present study,(40–43) even after accounting 

for higher median baseline mortality rates. Median odds ratio results further show that, 

depending upon hospital of admission, similar patients with septic shock would have a 

30-40% increased odds of death when presenting to a low vs. high performing hospital. The 

wide between-hospital variation in risk-standardized mortality for septic shock – likely 

greater than current hospital mortality performance measures such as pneumonia and 

myocardial infarction – suggests opportunities to improve sepsis outcomes at lower 

performing hospitals.
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However, the substantial changes in an individual hospital’s ranking based upon the current 

method used to identify septic shock casts doubt on the acceptability of septic shock 

mortality performance measures. For example, studies of performance measures for 

myocardial infarction and pneumonia demonstrated substantially higher correlation (ρ>0.90)

(40, 44, 45) between hospital rankings based upon chart-abstraction and ICD-9 codes as 

compared with methods used to identify septic shock in the present study (ICC ρ=0.72). 

Further, only 33.8% of patients met both the explicit ICD-9 and implicit antibiotics, 

vasopressor, and culture septic shock definitions; and more than 1 in 3 hospitals classified as 

outliers differed based upon the method used to identify septic shock cases. Thus, although 

septic shock mortality is an important target for quality improvement, the lack of adequate 

agreement in hospital rankings between different published methods of identifying septic 

shock suggests that more research is required to develop consistent sepsis case definitions 

that can generate reliable hospital mortality performance measurement.

The difficulties presented by septic shock as an outcome performance measure are likely 

due, in part, to the effects of variation in sepsis recognition. Prior studies have demonstrated 

only moderate agreement between clinicians in recognizing patients with sepsis (kappa 

0.7-0.8)(27, 46) and wide variation between institutions in ICD-9 coding patterns for sepsis 

and infection.(19, 20) While hospital variation in ICD-9 codes for identification of septic 

shock may seem to argue for use of more objective implicit diagnoses abstracted from 

hospital charge data, hospital performance rankings were not robust to small changes in 

implicit criteria that varied duration of antibiotics and vasopressors used to define septic 

shock.

At least two potentially feasible avenues exist to develop future sepsis mortality performance 

measures. The first approach could involve extraction of highly granular electronic medical 

record data to develop and standardize sepsis identification for high dimensional risk-

adjustment. Such an approach is not currently in routine use for other medical conditions 

and requires a greater harmonization across electronic medical records than currently exists.

(24, 47) A second approach would acknowledge the poor agreement across case definitions 

and pool hospital rankings across multiple cohort definitions – for example, averaging 

RSMRs calculated from the ICD-9 and implicit sepsis cohorts. In a pooled performance 

metric, hospitals consistently ranked as outliers would remain as outliers, whereas hospitals 

that switch rankings based upon cohort definition would likely be classified within average 

performance.(48) Such an approach would capture hospital performance and likely be more 

resistant to measure gaming.

Evaluation of sepsis as a mortality performance measure is subject to a number of additional 

limitations. Though modeled on CMS methods, our methods differed from mortality 

performance measures used by entities such as CMS. We did not have data for post-

hospitalization mortality available to calculate 30-day mortality rates traditionally used by 

CMS, and thus used in-hospital mortality. Although differences in hospital discharge 

practices may increase variation in in-hospital mortality as compared with 30-day mortality 

rates, our within-hospital comparisons in hospital performance rankings are unlikely to be 

affected by between-hospital differences in discharge practices. In addition, we did not use 

comorbid conditions identified via the CMS hierarchical condition category approach, but 
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rather, identified comorbidities via a method developed by Gagne at al.(33) Although CMS 

hierarchical condition category approach may improve risk adjustment over other methods,

(49) application of the same comorbidity risk adjustment approach to different cohorts limits 

the effect of comorbidity risk-adjustment approaches on reliability of sepsis outcome 

measures. Further, we did not test reliability of ICD-10-based definitions of septic shock; 

however, prior studies have found similar performance of ICD-9 and ICD-10 codes for 

identifying sepsis.(50–52) Finally, we acknowledge that gold standard definitions of septic 

shock to ascertain performance measure validity and optimal measures of test-retest 

reproducibility to ascertain measure reliability are unclear and require further study.

Conclusion

Although substantial variation between hospitals in septic shock outcomes argues for the 

need for a sepsis outcome measure, traditional methods to evaluate and compare hospital 

outcomes were not robust to different methods of identifying septic shock cases. Novel 

methods, such as pooling hospital rankings across case definitions (e.g., ICD-9 and 

‘implicit’ electronic medical record methods), are likely necessary to produce valid outcome 

measures for sepsis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of primary cohort selection.
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Figure 2. 
Caterpillar plot of risk standardized hospital mortality rates for cohort of septic shock 

defined by charges for antibiotics/cultures/vasopressors (implicit diagnosis).

The horizontal line at 29% is the average mortality rate for the cohort. Points along the 

caterpillar plot colored green signify low mortality outlier hospitals and red points high 

mortality outliers. Tick marks along the x-axis demonstrate the hospitals identified as low 

mortality (green) and high mortality (red) outliers when patient cohorts were defined with 

ICD-9 criteria for septic shock.
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Figure 3. 
Scatterplot of hospital risk-standardized mortality rates for septic shock defined by 

antibiotics/cultures/vasopressors as compared with ICD-9 codes. Intra-class correlation 

coefficient was 0.72.
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Table 1

Comparison of hospital outliers as determined through septic shock cohort defined with ICD-9 codes vs. 

implicit diagnosis based upon charges for blood cultures, antibiotics, and vasopressors.

N (% of all hospitals) ICD-9 septic shock cohort

Charges for any blood cultures, antibiotics, 
and vasopressors (implicit criteria)

Low mortality outlier Average hospital High mortality outlier

Low mortality outlier 7 (2.3) 16 (5.2) 0 (0)

Average hospital 6 (2.0) 247 (80.2) 8 (2.6)

High mortality outlier 0 (0) 12 (3.9) 12 (3.9)
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Table 2

Agreement in hospital performance rankings between different methods of identifying “septic shock” within 

hospital claims data.

Septic shock cohort comparisons Hospital risk-
standardized 

mortality, Intra-class 
correlation coefficient, 

p-value

Hospital Ranking 
Outlier classification, 
Kappa statistic (95% 

CI)

Hospital Ranking 
Quartile classification, 
Kappa statistic (95% 

CI)

Primary analysis

Implicit septic shock (any duration) vs. ICD-9 septic 
shock

0.72, p<0.001 0.44 (0.30-0.58) 0.53 (0.47-0.60)

Sensitivity analyses

Implicit septic shock (any duration) vs. implicit septic 
shock (minimum antibiotics and vasopressor duration)

0.76, p<0.001 0.60 (0.47-0.73) 0.52 (0.46-0.59)

Implicit septic shock (minimum antibiotics and 
vasopressor duration) vs. ICD-9 septic shock

0.62, p<0.001 0.35 (0.19-0.50) 0.44 (0.37- 0.51)

ICD-9 septic shock vs. ICD-9 sepsis 0.74, p<0.001 0.32 (0.23-0.42) 0.62 (0.56-0.68)

Implicit septic shock (any duration) definition: Any blood culture, antibiotics, and vasopressors charged during first 2 hospital days.

Implicit septic shock (minimum antibiotics and vasopressor duration) definition: Charges for blood culture, and at least 4 days of antibiotics 
and 2 days of vasopressors (unless death precedes minimum duration), starting within the first 2 hospital days.

ICD-9 septic shock: ICD-9 038.x for septicemia present on admission with ICD-9 785.52 for septic shock.

ICD-9 sepsis: ICD-9 038.x for septicemia present on admission
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