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Abstract

Objective: Regionalized sepsis care could improve sepsis outcomes by facilitating the 

interhospital transfer of patients to higher-capability hospitals. There are no measures of sepsis 

capability to guide the identification of such hospitals, although hospital case volume of sepsis has 

been utilized as a proxy. We evaluated the performance of a novel hospital sepsis-related capability 

(SRC) index as compared with sepsis case volume.

Design: Principal Component Analysis (PCA) and Retrospective cohort study.

Setting: 182 New York (derivation) and 274 Florida and Massachusetts (validation) non-federal 

hospitals, 2018.
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Patients: 89,069 and 139,977 adult (≥ 18 years) sepsis patients directly admitted into the 

derivation and validation cohort hospitals, respectively.

Interventions: None

Measurements and Main Results: We derived SRC scores by PCA of six hospital resource 

use characteristics (bed capacity, annual volumes of sepsis, major diagnostic procedures, renal 

replacement therapy, mechanical ventilation, and major therapeutic procedures) and classified 

hospitals into capability score tertiles: high, intermediate, and low. High capability hospitals 

were mostly urban teaching hospitals. Compared to sepsis volume, the SRC score explained 

more variation in hospital-level sepsis mortality in the derivation (unadjusted coefficient of 

determination [R2]: 0.25 vs. 0.12, P < .001 for both) and validation (0.18 vs. 0.05, P < .001 

for both) cohorts; and demonstrated stronger correlation with outward transfer rates for sepsis in 

the derivation (Spearman’s coefficient [r]: 0.60 vs. 0.50) and validation (0.51 vs. 0.45) cohorts. 

Compared to low-capability hospitals, sepsis patients directly admitted into high-capability 

hospitals had a greater number of acute organ dysfunctions, a higher proportion of surgical 

hospitalizations, and higher adjusted mortality (Odds Ratio [OR], 1.55; 95% Confidence Interval, 

1.25–1.92). In stratified analysis, worse mortality associated with higher hospital capability was 

only evident among patients with 3 or more organ dysfunctions (OR, 1.88 [1.50–2.34]).

Conclusions: The SRC score has face validity for capability-based groupings of hospitals. 

Sepsis care may already be de facto regionalized at high-capability hospitals. Low-capability 

hospitals may have become more adept at treating less complicated sepsis.
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INTRODUCTION

Sepsis is a multi-system inflammatory syndrome associated with life-threatening organ 

dysfunction resulting from a dysregulated host response to infection.1 Multiple studies 

have observed better outcomes for patients with sepsis treated at high-volume centers,2–5 

and consequently there is growing interest in the possibilities for regionalized sepsis care. 
6–8 Similar efforts for trauma,9–11 stroke,12 and acute myocardial infarction13,14 based on 

specific hospital capabilities have changed care and improved outcomes for these conditions. 

However, there is no currently available measure of hospital capability to care for sepsis 

patients, and sepsis case volume alone may be insufficient to characterize hospitals’ sepsis-

specific capabilities.6,15,16 Consequently, while the transfer networks for many other acute, 

time-sensitive conditions are explicit, the transfer networks for sepsis, a more heterogeneous 

syndrome, are more implicit and based on informal transfer practices.17,18

Hospital capabilities represent a mechanistic link between case volume and outcomes and 

often are the specific reason leading to interhospital transfer in clinical practice when such 

capabilities may not be locally available.19,20 A few studies have previously characterized 

hospital capability. One study utilized condition-specific transfer frequency as a quantitative 

measure of hospital capability and regionalized care.21 Another study comparing outcomes 
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of transferred and non-transferred sepsis patients empirically estimated hospital sepsis 

capability using a combination of hospital Intensive Care Unit (ICU) presence and annual 

emergency department case volume.22 However, prior work has lacked a broader approach 

to capability. As a multisystem illness, a hospital’s sepsis capability will also include 

the availability of resources to adequately diagnose and treat complicated sepsis. Such 

resources, including interventional radiology and surgical services for example, are lacking 

in many small, rural and critical access hospitals.23,24

Therefore, to better characterize a hospital’s capability to treat sepsis, we developed the 

Sepsis-Related Capability (SRC) score — an index empirically constructed from specific 

hospital-level characteristics using principal component analysis. We hypothesized that the 

hospital SRC score is a better system predictor of mortality and will explain more of 

the variation in hospital-level sepsis mortality than sepsis volume. Because interhospital 

transfers are reasonably expected to flow from lower to higher capability hospitals,21 

we also hypothesized that the SRC score will be inversely proportional to hospitals’ 

outward transfer rates for sepsis. Finally, we hypothesized that sepsis patients treated at 

higher capability hospitals will have lower in-hospital mortality compared to low capability 

hospitals. System prediction models, in contrast to clinical prediction models intended for 

bedside use, are intended to characterize populations for research, benchmarking, and other 

administrative purposes.25 Thus, a validated SRC score can be deployed across hospital 

populations for research to better understand sepsis transfer networks, facilitate comparative 

effectiveness studies of interhospital transfer and other hospital-level interventions related to 

sepsis, and to model regionalized sepsis care.

MATERIALS AND METHODS

We performed a cross-sectional study with Principal Component Analysis (PCA) of resource 

characteristics at non-federal hospitals in New York, Massachusetts, and Florida, to develop 

and validate the SRC score. To characterize the association of the SRC score with sepsis 

outcomes, we then performed a retrospective cohort study of sepsis hospitalizations. For all 

analyses, we utilized the 2018 State Inpatient (SID) and Emergency Department Databases 

(SEDD). The SID and SEDD are a family of databases developed as part of the Healthcare 

Cost and Utilization Project of the Agency for Healthcare Research and Quality.26 They 

contain the universe of inpatient and Emergency Department (ED) discharge abstracts from 

non-Federal hospitals in participating states. We obtained general hospital characteristics 

including urban versus rural location, ownership, teaching status, bed capacity, and Critical 

Access Hospital designation from the 2018 American Hospital Association annual survey 

database. The Human Research Protection Office at Washington University in St. Louis 

deemed this study exempt due to its use of de-identified administrative data (#202106079).

Hospital Resource-Use Characteristics

To explore potential resource-use characteristics, we performed a literature review and 

mapped hospital characteristics and capabilities that relate to sepsis care delivery, may 

necessitate interhospital transfer, or may explain sepsis volume-outcome effects (Figure 

1). From this conceptual map, we classified candidate characteristics into 3 capability 
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constructs: (i) bed capacity (total beds) and clinical volume; (ii) diagnostic; and (iii) 

therapeutic constructs. For clinical volume, we calculated hospital-specific case volumes 

of sepsis, ED visits, and ICU admissions. To calculate sepsis case volume, we defined 

sepsis as sepsis diagnosis complicated by organ dysfunction and identified patients with a 

principal (DX1) or other (DX2–25) International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM) diagnostic code for infection and an additional ICD-10 

code for acute organ dysfunction, or patients assigned ICD-10 principal or other diagnosis 

codes for severe sepsis without septic shock [R6520] and severe sepsis with septic shock 

[R6521]1,27 (Supplemental Table 1). ED visit volume was estimated from the SEDD while 

ICU admission volume was estimated using ICU revenue codes.

We then measured these characteristics in a derivation cohort of 182 non-federal 

hospitals in New York and a validation cohort of 274 hospitals in Massachusetts and 

Florida. Because the HCUP lacks hospital-specific variables indicative of diagnostic 

and therapeutic capabilities, we constructed these characteristics using patient-level data 

associated with each hospital in the 2018 SID. For diagnostic resources, we captured 

radiological diagnostic resources using revenue codes for Magnetic Resonance Imaging 

(MRI), computerized tomography, and ultrasound.28 We also captured hospitals’ overall 

volumes of major diagnostic procedures using the HCUP’s refined procedure classes for 

ICD-10-PCS. For therapeutic resources, we utilized ICD-10 procedure codes for renal 

replacement therapies (5A1D70Z), mechanical ventilation (5A1935Z, 5A1945Z, 5A1955Z), 

non-intraoperative, veno-venous or veno-arterial extracorporeal membrane oxygenation 

(5A1522G, 5A1522H), percutaneous central venous catheters (Subclavian, 05H533Z, 

05H633Z; Internal Jugular, 05HM33Z, 05HN33Z; Femoral, 06HM33Z, 06HN33Z), and 

any of two commonly performed interventional radiology procedures —percutaneous 

nephrostomy (0T9030Z, 0T903ZZ, 0T9130Z, 0T903ZZ) and cholecystostomy (0F943ZZ, 

0F9430Z).29–35 Additionally, we identified major therapeutic procedures using the HCUP’s 

refined procedure classes for ICD-10-PCS.

Patient Study Population and Exclusions

The study population consisted of 229,046 adult (≥ 18 years) sepsis patient encounters 

in 2018. We excluded patients hospitalized at a non-acute care facility (rehabilitation, 

psychiatry, and drug and alcohol dependency center) or a long-term acute care facility 36 

and “Transfer-In” patients whose admission source was designated as another acute care 

hospital, using previously described methods. 37

Patient Characteristics

Patient characteristics included demographic information (age, sex, race), sepsis type 

(community-acquired vs. nosocomial), surgical hospitalization, the Elixhauser co-morbidity 

index, 38 number of organ dysfunctions present on admission, primary insurance payer 

(Medicare, Medicaid, private), median household income of patient’s zip code (proxy for 

patient’s income level) and transfer status (non-transferred vs. transfer-out). Community-

acquired sepsis was defined as a principal diagnosis (DX1) of sepsis, or any higher order 

diagnoses (DX2-DX25) that was designated as present on admission. We defined hospital 
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mortality as a disposition of death in the hospital or transfer to hospice either in a medical 

facility or at home.

Statistical Analysis

Principal Component Analysis and Hospital Sepsis-Related Capability Score 
Estimation—Hospital resource use characteristics were summarized using medians and 

interquartile ranges. Principal Component Analysis (PCA) is a statistical process that 

converts the observations of correlated features into a set of linearly uncorrelated features 

(principal components). It simplifies the complexity in high-dimensional data while 

retaining trends and patterns by transforming the data into fewer dimensions, which act 

as summaries of data features.39,40 Details of the hospital resource-use characteristics and 

how the PCA was applied to derive the Sepsis-Related Capability Score are outlined in 

the Supplemental Methods. Briefly, PCA involved orthogonal transformations of selected 

hospital resource characteristics, yielding a corresponding number of principal components. 

Based on pre-defined criteria, we selected the fewest number of principal components that 

explained the largest amount of variance in the original data. We then calculated capability 

scores for each hospital by summing the values of each of the selected principal component 

items weighted by their respective loadings. We classified hospitals into 3 capability 

categories — high, intermediate, and low capability — based on tertiles of capability scores. 

We performed comparisons of hospital characteristics across hospital capability categories 

using the Cochran-Armitage test.

Sepsis-Related Capability Score Performance in the Derivation and Validation 
Cohort Patients—Descriptive statistics for continuous and categorical variables were 

presented as means with standard deviations and frequencies with percentages respectively. 

Standardized differences were used to compare patient characteristics across hospital 

capability categories.41 We deliberately separated patient populations from derivation (NY) 

and validation (MA, FL) hospitals to enable “state-level” contextual interpretation of our 

findings, especially as it relates to generalizability.

We calculated hospital transfer proportions for sepsis by dividing the number of sepsis 

patients transferred out of each hospital by the hospital’s total sepsis cases. (i) We 

evaluated the correlation between hospitals’ capability scores (as continuous variables) 

and outward transfer proportions for sepsis. (Hypothesis 1). (ii) We then fitted separate 

bivariate linear regression models for the SRC score and for sepsis case volume, with 

hospital sepsis mortality proportions as dependent variable, and evaluated each model’s 

coefficient of determination (R2) as a measure of the proportion of variance in hospital-level 

sepsis mortality explained by sepsis volume or the capability score (Hypothesis 2). For 

the correlation and linear regression analyses, we excluded hospitals with fewer than 20 

patients to improve the reliability of the estimates. Next, we investigated whether the 

SRC in comparison to sepsis case volume (as hospital characteristics), would improve 

a clinical mortality prediction model that was based purely on patient characteristics. 

(iii) We then evaluated the association of hospital capability category (low, intermediate, 

and high) and patient-level sepsis mortality (Hypothesis 3). For all multivariate patient-

level mortality models, we used generalized linear models with binomial distribution and 
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exchangeable correlation structure for the hospital identification variable to account for 

within-hospital correlation. Patient-level variables included patient’s sex, age, sepsis type, 

surgical hospitalization, co-morbidity index, the number of organ dysfunctions, and payer 

type.

The discriminative abilities of the prediction models were compared using concordance 

statistic (C-statistic). Unadjusted and least squares adjusted means with standardized errors 

and adjusted Odds Ratios (OR) with 95 % Confidence Intervals (CI) were reported for 

in-hospital mortality. All hypothesis tests were 2-sided with a significance alpha level of 

0.05. All analyses were performed with SAS Enterprise Guide Version 7.15 (SAS Institute 

Inc. Cary, NC) and R version 4.2.1.

Sensitivity and Secondary Analyses—Because lower capability hospitals are more 

likely to transfer their sepsis patients, who are sicker and more likely to die than their non-

transferred counterparts,17 we performed a sensitivity analysis to ensure that our mortality 

estimates were not biased based on the potential for interhospital transfers to create a 

residual cohort of healthier patients at low capability hospitals by attributing any mortality 

of patients that were transferred out to the sending hospital. To ensure that our findings 

were not biased by inclusion of patients who may have been primarily admitted for reasons 

other than sepsis, we performed sensitivity analysis restricted to sepsis hospitalizations 

with principal diagnosis (DX1) of infection, severe sepsis without septic shock, or severe 

sepsis with septic shock, that most likely represented patients admitted with sepsis. Finally, 

to determine whether previously described relationships between sepsis case volume and 

mortality existed in our dataset, we estimated another generalized linear mortality model 

with sepsis volume as a continuous variable.

RESULTS

We presented results from both derivation (NY) and validation (MA, FL) hospitals so that 

relevant comparisons could be made. After exclusions, we identified 89,069 unique sepsis 

patients at 182 NY hospitals in 2018 among whom 1,654 (1.9%) were transferred out. 

Among 139,977 patients at 274 hospitals in Massachusetts and Florida in the same year, 

3,504 (2.5%) were transferred out (Supplemental Figure 1). Hospital mortality rates were 

23.7 % (n = 21,109) and 23.2% (n = 32,406) in the derivation and validation cohorts 

respectively.

Sepsis Capability Scores and Hospital Capability Categories

The frequency distribution of capability scores derived from PCA among the derivation 

and validation hospitals are illustrated in Supplemental Figure 2. The overall mean (range) 

capability scores were 0 (−3, +2), with higher scores denoting higher hospital capability. 

Among derivation hospitals that belonged to the highest tertile of capability score (high 

capability hospitals), 90% were teaching and all were in urban areas. In contrast, among low 

capability hospitals, 20% were teaching hospitals and approximately 60% were urban (Table 

1). All 13 critical access hospitals were classified as low capability. High and intermediate 

capability hospitals, in contrast to low capability hospitals had annual sepsis volumes greater 

than the overall median values. The SRC scores derived from the validation cohort hospitals 
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had similar distributions (Supplemental Figure 2) and yielded similar characteristics for 

high, intermediate, and low capability hospitals (Supplemental Table 2). The distribution of 

the original resource characteristics across hospital capability categories are tabulated for the 

derivation and validation cohort hospitals in Supplemental Tables 3 and 4 respectively.

Patient Characteristics

About two-thirds (67.6%) of people with sepsis who were admitted to derivation cohort 

hospitals were in high-capability hospitals, 47.8% were female, and 77.8% had community-

acquired sepsis (Table 2).The most prevalent acute organ dysfunctions were related to the 

cardiovascular (61.9%), renal (58.8%), and respiratory (42.4%) systems. Approximately 

40% had a single organ dysfunction. A majority (70.6%) had Medicare as their primary 

payer, and 19.7% belonged to the lowest quartile of median zip code income. Compared 

to low-capability hospitals, high-capability hospitals had a higher proportion of Black 

and a lower proportion of White sepsis patients and a lower proportion of patients with 

community-acquired sepsis. Patients admitted to high-capability hospitals also had higher 

co-morbidity burden and were more likely to have three or more organ dysfunctions. The 

validation cohort patients had similar characteristics as summarized in Supplemental Table 

5.

Capability Scores in Relation to Outward Sepsis Transfer Proportions

The overall interhospital transfer rate (range: high to low capability) was 1.9% (1.3–5.6) 

in the derivation cohort and 2.5% (1.8–5.7) in the validation cohort (Table 2, Supplemental 

Table 5). Higher SRC scores were inversely and more strongly correlated with hospitals’ 

outward sepsis transfer proportions than higher sepsis volume. (Spearman’s Coefficient [r], 

derivation: − 0.60 vs. − 0.50; validation: − 0.51 vs. − 0.45, P< .001 for all tests).

Capability Scores in System and Clinical Prediction Models

The SRC score explained more variation in hospital-level sepsis mortality proportions than 

sepsis volume (Coefficient of Determination [R2], derivation: 0.25 vs. 0.12; validation: 

0.18 vs. 0.05, P < .001 for all coefficients). A patient-level clinical mortality prediction 

model based on patient characteristics (Derivation and Validation AUC: 0.75 and 0.76, 

respectively) was not impacted by the addition of sepsis volume or the SRC scores 

(Supplemental Table 6).

Hospital Capability Categories in Relation to Patient-Level Sepsis Mortality

The overall (high, intermediate, and low capability) hospital mortality rates were 23.7% 

(24.6, 23.3, and 15.5%) and 23.2% (24.4, 21.9, and 18.9%) in the derivation and validation 

cohorts, respectively. Higher capability hospitals, compared to low capability hospitals, had 

higher adjusted mortality in the derivation (OR high vs. low: 1.55; 95% CI: 1.25–1.92); and 

validation cohorts (OR 1.30 [1.15–1.48]; Figure 2; Table 3).

Hospital Capability and Patient-Level Sepsis Mortality by Organ Dysfunction

There was a significant interaction between capability category and the number of organ 

dysfunctions (P =.02). Among patients with one organ dysfunction, there was no significant 
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difference in adjusted mortality at high vs. low capability hospitals in the derivation (OR 

1.23 [0.92–1.65]) and validation (OR 1.17 [0.99–1.38]) cohorts. However, among patients 

with 3 or more organ dysfunctions, there was higher mortality at high compared to low 

capability hospitals in the derivation (OR 1.88 [1.50–2.34]) and validation (OR 1.35 [1.16–

1.56]) cohorts (Figure 3 and Table 4).

Sensitivity and Secondary Analyses

In our sensitivity analysis attributing the mortality of transferred-out sepsis patients to 

the sending hospital, we found similar associations between hospital capability categories 

and sepsis mortality (Supplemental Table 7), as did sensitivity analysis restricted to 

hospitalizations with principal diagnosis of infection, severe sepsis, or septic shock 

(Supplemental Figure 8). In secondary analyses examining the relationship between sepsis 

volume and mortality, we observed higher but statistically insignificant odds of mortality 

associated with higher sepsis volume (OR + 0.8% per 100% increase in sepsis volume, 95% 

CI: − 0.8% to + 2.5% )

DISCUSSION

US hospitals differ in their capabilities for sepsis care. Informal interhospital transfer 

networks exist whereby patients are moved to hospitals best suited to care for them. A 

clearer understanding of hospital capability is necessary to better evaluate interhospital 

transfer networks and their impact on patient outcomes. By applying PCA to a set of 

hospital resource use characteristics we constructed a hospital sepsis capability index that 

classified hospitals into high, intermediate, and low capability categories. The capability-

based index was inversely correlated with outward transfer rates for sepsis (face validity), 

explained more than twice the variance in hospital-level sepsis mortality than sepsis case 

volume (criterion and construct validity), and was not associated with sepsis clinical 

mortality prediction (discriminant validity). Interhospital transfer rates were low in our study 

cohorts and sicker patients were concentrated at high capability hospitals. High capability 

hospitals had higher overall adjusted sepsis mortality compared to low capability hospitals, 

mostly driven by mortality among patients with multi-organ dysfunction.

Case volume has been utilized as a surrogate measure of hospital’s capability to treat sepsis 

and as a categorical comparative measure in effectiveness studies of interhospital transfers. 

(4,5,17,42,43) Although higher capability hospitals had higher sepsis case volumes than lower 

capability hospitals, our study suggests that the capability score has better construct validity 

than sepsis volume and may be a more objective classifier. The face validity is further 

supported by the ability of the index to differentiate teaching hospitals that are more likely 

than non-teaching hospitals to have organizational characteristics related to better sepsis 

outcomes.7 From a conceptual point of view, when clinicians at smaller hospitals consider 

hospital characteristics in deciding to transfer patients with sepsis to larger hospitals, they 

think not in terms of case volume but in terms of expertise and capabilities (e.g., diagnostic, 

and therapeutic resources) that are not locally available.20 From a research perspective, 

any studies to characterize the potential impact of regionalized sepsis care by way of 

comparisons of outcomes of transferred and non-transferred patients must account for the 
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capabilities of the sending and receiving hospitals. A valid measure of a hospital’s capability 

to treat sepsis can therefore facilitate clinical decision making, transfer network analysis, and 

comparative effective research relating to sepsis interhospital transfers.

The alignment of the derivative components of the SRC score with the clinical 

manifestations and management strategies of sepsis potentially explains why it accounts 

for more variation in hospital sepsis mortality than sepsis volume alone. Sepsis is 

associated with life-threatening organ dysfunction and management strategies that impact 

outcomes often include organ support by way of respiratory, renal, and circulatory support 

therapies, as well as sepsis source control by way of major surgery and other specialized 

diagnostic and therapeutic procedures. These sepsis-related capabilities were considered in 

our conceptual model and captured by the principal component variables that ultimately 

derived the score.

The concentration of sicker patients with higher co-morbidity indices and more organ 

dysfunctions at high capability hospitals, the low interhospital transfer rates in our study 

cohort, and the negative correlation between transfer rates and higher hospital capability 

scores, suggests that sepsis care may already be regionalized to an extent. In a regionalized 

system of care where sepsis patients are formally transferred from lesser to more capable 

hospitals, the correlation between transfer rates and hospital capability could be stronger. 

The observed moderate correlation may suggest residual inconsistencies in clinical practice 

relating to sepsis interhospital transfers. For example, there may be ongoing transfers 

between hospitals of similar capability categories. A previous study of sepsis interhospital 

transfer demonstrated a mismatch between subcategories of sepsis patients being transferred 

and apparent benefits of interhospital transfer for such patients.17 Additional studies are 

needed to better understand patterns of sepsis interhospital transfers. Such studies may also 

shed light on sepsis transfer characteristics into urban low capability hospitals considering 

that disparities in access to care often lead to rural residents bypassing rural hospitals in 

favor of more urban ones.44,45 Because rural hospital bypass has been associated with worse 

outcomes among sepsis patients,43 rural bypass or transfers into such low capability urban 

hospitals may not be ideal.

Our findings differ fundamentally from prior studies that have demonstrated better mortality 

outcomes for patients with sepsis treated at high-volume hospitals.4,5 In one of those 

studies,4 the apparent benefits of high case volume were limited to patients with 3 or 

less organ dysfunctions, with no difference in mortality among sepsis patients with 4 or 

more organ dysfunctions. However, our study found a clear association between higher 

hospital capability and worse sepsis outcomes, especially among the subgroup of patients 

with 3 or more organ dysfunctions. Although residual confounding may have contributed 

to these contrasting findings, it is also possible that de facto regionalization of sepsis 

care, whereby sicker patients with sepsis are concentrated at high capability hospitals may 

already be happening, possibly through selective referral to high capability hospitals by 

emergency medical services, patient choice (e.g., proximity to, or preference for a high 

capability hospital), or direct ED to ED transfers. Nearly two-thirds of our study cohort were 

directly admitted to high capability hospitals. Our finding of similar mortality at high and 

low capability hospitals among patients with less than 3 organ dysfunctions also suggests 
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that low capability hospitals may be getting more adept at treating non-complicated sepsis, 

which may reflect the success of the surviving sepsis campaign and other public health 

initiatives targeted at sepsis awareness and performance improvement.46,47 Our findings 

suggest that regionalized sepsis care in the participating states may already be occurring, 

and that while increasingly centralized care cannot be supported, tools like the capability 

index we have developed might find utility in characterizing the efficiency of sepsis transfer 

networks more broadly.

Our study has strengths and limitations. The strength lies in the novelty of the sepsis 

capability construct and its conceptual and derivative methodology, the large sample size of 

hospitals and sepsis patients, and sensitivity analyses. Further, the utilization of data across 

3 US states improves the generalizability of our findings. There are also several limitations. 

First, the billing information and procedure codes that we utilized to identify diagnoses and 

procedures may not always be coded correctly. Second, our study was retrospective in nature 

and the data source lacked variables relating to illness severity other than organ dysfunction. 

Third, although our study yields insights on general hospital characteristics associated with 

better sepsis capability, it sheds no light on evidence-based sepsis care processes.7 Fourth, 

our results may not fully generalize to states with lower population densities, where rural 

populations may be more geographically separated from urban areas. Finally, the SRC 

score was derived from hospital diagnostic and therapeutic resource-use characteristics that 

were conceptually derived with sepsis in mind but are not exclusively applicable to sepsis 

patients. As such, the score may lack specificity for sepsis and may instead describe a 

hospital’s overall capability to treat critical illness.

CONCLUSIONS

Capability based scores constructed from 6 hospital resource characteristics account for 

more variation in sepsis mortality than sepsis volume. The SRC score has face validity 

for categorizing hospitals of different sepsis capabilities and construct validity as a system 

predictor of hospital sepsis mortality and may find utility for improving system-based 

approaches to sepsis care. Further studies are needed to explore the relationship between 

the SRC score and evidence-based processes of sepsis care and to describe current sepsis 

interhospital transfer patterns in the context of hospital capabilities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

Question:

How well does a novel capability index perform as a measure of hospital capability to 

treat sepsis compared with sepsis case volume and what is the association of hospital 

capability with sepsis mortality?

Findings:

Compared to sepsis case volume, the Sepsis-Related Capability (SRC) score, an index 

derived from 6 hospital characteristics explained more variation in hospital-level sepsis 

mortality and more strongly correlated with hospital outward sepsis transfer rates. Higher 

capability was associated with higher sepsis mortality among patients with multi-organ 

dysfunction.

Meaning:

The SRC score has face validity for capability-based groupings and comparisons of 

hospitals.
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Figure 1: 
Conceptual map of Sepsis-Related Hospital Characteristics

Conceptual map depicts three broad themes which then devolve into terminal branches 

that represent hospital characteristics and capabilities that relate to sepsis care delivery, 

potentially explain sepsis volume-outcome effects, or necessitate interhospital transfer. The 

directed arrows link a few related characteristics across broad themes. For example, ‘ICU 

Capability’ is linked by a directed arrow to ‘ICU Case Volume’ and ‘ICU Capacity’ 

as Clinical Expertise (or Practice Makes Perfect) constructs. Likewise, diagnostic, and 

therapeutic capabilities are linked to ‘Access to specialists’ as an organizational factor, 

e.g. hospitals that perform large numbers of diagnostic imaging procedures or surgical 

procedures are those that are more likely to have round-the-clock access to radiologists (for 

interpretation) or surgeons. Literature search and review performed by UO (first author), SB, 

and EL (see acknowledgement section). Conceptual mapping performed by UO.

ICU: Intensive Care Unit; ED: Emergency Department; QI: Quality Improvement.
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Figure 2: 
In-hospital Mortality Odds for Sepsis Patients. Odds Ratios and 95% Confidence Intervals 

showing differences between high and low capability hospitals for (A) the derivation cohort, 

and (B) the validation cohort.
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Figure 3: 
Adjusted Hospital Mortality, Hospital Capability Category, and Number of Organ 

Dysfunctions

Ofoma et al. Page 17

Crit Care Med. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ofoma et al. Page 18

Ta
b

le
 1

:

D
er

iv
at

io
n 

H
os

pi
ta

l C
ha

ra
ct

er
is

tic
s 

by
 S

ep
si

s 
C

ap
ab

ili
ty

 C
at

eg
or

ie
s

H
os

pi
ta

l C
ap

ab
ili

ty
 C

at
eg

or
ie

s

C
ha

ra
ct

er
is

ti
cs

To
ta

l
H

ig
h

In
te

rm
ed

ia
te

L
ow

H
os

pi
ta

ls
, n

 (
%

)
18

2
61

 (
33

.5
)

60
 (

33
.0

)
61

 (
33

.5
)

O
w

ne
rs

hi
p 

(p
ro

fi
t 

st
at

us
)

 
G

ov
er

nm
en

t, 
no

n-
fe

de
ra

l
26

 (
14

.3
)

9 
(1

4.
8)

12
 (

20
.0

)
5 

(8
.2

)

 
N

on
-g

ov
er

nm
en

t, 
no

n-
pr

of
it

15
6 

(8
5.

7)
52

 (
85

.2
)

48
 (

80
.0

)
56

 (
91

.8
)

Te
ac

hi
ng

 S
ta

tu
sa

 
Te

ac
hi

ng
10

1 
(5

5.
5)

55
 (

90
.2

)
35

 (
58

.3
)

11
 (

18
.0

)

 
N

on
-T

ea
ch

in
g

81
 (

44
.5

)
6 

(9
.8

)
25

 (
41

.7
)

50
 (

82
.0

)

L
oc

at
io

na

 
R

ur
al

32
 (

17
.6

)
0 

(0
)

6 
(1

0.
0)

26
 (

42
.6

)

 
U

rb
an

15
0 

(8
2.

4)
61

 (
10

0)
54

 (
90

.0
)

35
 (

57
.4

)

C
ri

ti
ca

l A
cc

es
s 

H
os

pi
ta

l n
 (

%
) 

a
13

 (
7.

1)
0 

(0
)

0 
(0

)
13

 (
21

.3
)

Se
ps

is
 V

ol
um

e,
 m

ed
ia

n 
(I

Q
R

)b
43

2 
(1

79
,8

19
)

11
03

 (
77

4,
15

78
)

44
0 

(3
42

,5
79

)
57

 (
11

,1
83

)

a:
P 

<
 .0

01
 b

y 
C

oc
hr

an
-A

rm
ita

ge
 te

st

b:
C

om
pa

ri
so

n 
te

st
in

g 
no

t p
er

fo
rm

ed
 a

s 
se

ps
is

 v
ol

um
e 

w
as

 a
n 

in
te

gr
al

 v
ar

ia
bl

e 
fo

r 
ca

pa
bi

lit
y 

sc
or

e 
de

ri
va

tio
n.

IQ
R

: I
nt

er
qu

ar
til

e 
ra

ng
e.

Crit Care Med. Author manuscript; available in PMC 2024 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ofoma et al. Page 19

Ta
b

le
 2

:

D
er

iv
at

io
n 

C
oh

or
t P

at
ie

nt
 C

ha
ra

ct
er

is
tic

s 
by

 H
os

pi
ta

l S
ep

si
s 

C
ap

ab
ili

ty
 C

at
eg

or
ie

s

Se
ps

is
 C

ap
ab

ili
ty

 C
at

eg
or

ie
s 

(n
 o

f 
ho

sp
it

al
s)

C
ha

ra
ct

er
is

ti
cs

To
ta

l1
82

H
ig

h 
61

 (
33

.5
)

In
te

rm
ed

ia
te

 6
0 

(3
3.

0)
L

ow
 6

1 
(3

3.
5)

St
an

da
rd

iz
ed

 D
if

fe
re

nc
es

Se
ps

is
 c

as
es

, n
 (

%
)

89
,0

69
 (

10
0)

60
,2

12
 (

67
.6

)
23

,4
74

 (
26

.4
)

53
83

 (
6.

0)

A
ge

, y
ea

rs
, m

ea
n 

(S
D

)
69

.2
 (

15
.1

)
68

.7
 (

15
.3

)
70

.2
 (

14
.5

)
69

.7
 (

14
.7

)
0.

10

F
em

al
e 

(%
)a

47
.8

47
.4

48
.5

48
.3

0.
02

R
ac

e 
(%

)
0.

77

 
W

hi
te

61
.8

57
.3

67
.2

88
.9

 
B

la
ck

14
.5

15
.1

15
.2

3
4.

6

 
H

is
pa

ni
c

10
.3

12
.0

7.
6

2.
7

 
O

th
er

13
.4

15
.6

10
.0

3.
8

Su
rg

ic
al

 I
nt

er
ve

nt
io

ns
 (

%
)

30
.5

32
.6

27
.6

18
.7

0.
32

Se
ve

re
 S

ep
si

s 
co

de
 R

65
20

 (
%

)
55

.3
56

.4
53

.6
49

.7
0.

14

C
om

m
un

it
y 

Se
ps

is
 (

%
)

77
.8

74
.3

83
.5

91
.6

0.
47

E
lix

ha
us

er
 I

nd
ex

, m
ea

n 
(S

D
)

6.
29

 (
2.

77
)

6.
33

 (
2.

78
)

6.
29

 (
2.

76
)

5.
83

 (
2.

76
)

0.
18

O
rg

an
 D

ys
fu

nc
ti

on
 (

%
)

 
C

ar
di

ov
as

cu
la

r
61

.9
62

.9
60

.4
57

.2
0.

12

 
R

es
pi

ra
to

ry
42

.4
43

.0
41

.3
39

.5
0.

07

 
R

en
al

58
.8

59
.3

58
.9

52
.7

0.
13

 
N

eu
ro

lo
gi

c
15

.6
15

.7
15

.1
16

.4
0.

04

 
H

em
at

ol
og

ic
14

.5
15

.0
14

.2
10

.1
0.

15

 
H

ep
at

ic
5.

6
6.

0
5.

1
3.

0
0.

15

N
um

be
r 

of
 O

rg
an

 D
ys

fu
nc

ti
on

 (
%

)
0.

23

A
ny

 1
40

.1
39

.0
41

.4
46

.8

A
ny

 2
32

.1
32

.0
32

.0
33

.3

A
ny

 3
18

.8
19

.3
18

.7
14

.9

A
ny

 4
+

9.
0

9.
7

8.
0

5.
1

P
ri

m
ar

y 
P

ay
er

 (
%

)
0.

19

 
M

ed
ic

ar
e

70
.6

69
.0

73
.4

76
.3

Crit Care Med. Author manuscript; available in PMC 2024 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ofoma et al. Page 20

Se
ps

is
 C

ap
ab

ili
ty

 C
at

eg
or

ie
s 

(n
 o

f 
ho

sp
it

al
s)

C
ha

ra
ct

er
is

ti
cs

To
ta

l1
82

H
ig

h 
61

 (
33

.5
)

In
te

rm
ed

ia
te

 6
0 

(3
3.

0)
L

ow
 6

1 
(3

3.
5)

St
an

da
rd

iz
ed

 D
if

fe
re

nc
es

 
M

ed
ic

ai
d

13
.7

14
.3

12
.9

10
.1

 
Pr

iv
at

e 
in

su
ra

nc
e

14
.1

15
.2

11
.8

11
.3

 
O

th
er

1.
7

1.
5

1.
9

2.
3

M
ed

ia
n 

In
co

m
e 

in
 Z

ip
 C

od
e 

(%
)

0.
59

 
Q

ua
rt

ile
 1

19
.7

19
.5

20
.1

19
.9

 
Q

ua
rt

ile
 2

21
.1

18
.0

22
.8

49
.1

 
Q

ua
rt

ile
 3

23
.9

24
.9

22
.3

19
.4

 
Q

ua
rt

ile
 4

34
.7

37
.2

33
.8

10
.3

U
nk

no
w

n
0.

7
0.

5
1.

0
1.

3

T
ra

ns
fe

rr
ed

-O
ut

, n
 (

%
)

16
54

 (
1.

9)
79

6 
(1

.3
)

54
8 

(2
.3

)
31

0 
(5

.6
)

0.
24

SD
 =

 S
ta

nd
ar

d 
D

ev
ia

tio
n

Crit Care Med. Author manuscript; available in PMC 2024 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ofoma et al. Page 21

Ta
b

le
 3

:

M
or

ta
lit

y 
O

ut
co

m
es

 b
y 

Se
ps

is
 C

ap
ab

ili
ty

 C
at

eg
or

ie
s

D
er

iv
at

io
n 

C
oh

or
t

V
al

id
at

io
n

C
ap

ab
ili

ty
 C

at
eg

or
y

U
na

dj
us

te
d 

a
A

dj
us

te
d 

a
A

dj
us

te
d 

b
U

na
dj

us
te

d 
a

A
dj

us
te

d 
a

A
dj

us
te

d 
b

L
ow

16
.2

 (
13

.9
 –

 1
8.

8)
16

.4
 (

13
.8

 –
 1

9.
3)

re
fe

re
nc

e
19

.2
 (

17
.4

 –
 2

1.
2)

17
.8

 (
16

.2
 –

 1
9.

5)
re

fe
re

nc
e

In
te

rm
ed

ia
te

22
.9

 (
21

.0
 –

 2
4.

9)
21

.3
 (

19
.5

 –
 2

3.
3)

1.
12

 (
0.

96
 –

 1
.3

0)
22

.3
 (

21
.0

 –
 2

3.
6)

20
.2

 (
19

.1
 –

 2
1.

3)
1.

12
 (

1.
02

 –
 1

.2
2)

H
ig

h
25

.2
 (

23
.8

 –
 2

6.
6)

23
.2

 (
21

.7
 –

 2
4.

9)
1.

55
 (

1.
25

 –
 1

.9
2)

24
.6

 (
23

.6
 –

 2
5.

5)
22

.0
 (

21
.1

 –
 2

3.
0)

1.
30

 (
1.

15
 –

 1
.4

8)

a:
L

ea
st

 s
qu

ar
es

 r
eg

re
ss

io
n 

m
ea

n,
 %

 (
95

%
 C

on
fi

de
nc

e 
In

te
rv

al
s)

b:
O

dd
s 

R
at

io
s 

(9
5%

 C
on

fi
de

nc
e 

In
te

rv
al

)

Crit Care Med. Author manuscript; available in PMC 2024 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ofoma et al. Page 22

Ta
b

le
 4

:

H
os

pi
ta

l C
ap

ab
ili

ty
 C

at
eg

or
ie

s 
an

d 
A

dj
us

te
d 

M
or

ta
lit

y 
by

 O
rg

an
 D

ys
fu

nc
tio

n

D
er

iv
at

io
n

V
al

id
at

io
n

C
ap

ab
ili

ty
 C

at
eg

or
y

U
na

dj
us

te
d 

a
A

dj
us

te
d 

a
A

dj
us

te
d 

b
U

na
dj

us
te

d 
a

A
dj

us
te

d 
a

A
dj

us
te

d 
b

1 
or

ga
n 

dy
sf

un
ct

io
n

L
ow

8.
9 

(6
.9

 –
 1

1.
4)

7.
6 

(5
.9

 –
 9

.8
)

re
fe

re
nc

e
9.

7 
(8

.4
 –

 1
1.

1)
7.

2 
(6

.3
 –

 8
.3

)
re

fe
re

nc
e

In
te

rm
ed

ia
te

11
.3

 (
10

.0
 –

 1
2.

8)
9.

3 
(8

.2
 –

 1
0.

5)
0.

99
 (

0.
84

 –
 1

.1
6)

10
.2

 (
9.

4 
– 

11
.1

)
7.

7 
(7

.2
 –

 7
.7

)
1.

10
 (

0.
98

 –
 1

.2
2)

H
ig

h
11

.4
 (

10
.4

 –
 1

2.
4)

9.
2 

(8
.3

 –
 1

0.
2)

1.
23

 (
0.

92
 –

 1
.6

5)
11

.3
 (

10
.6

 –
 1

2.
0)

8.
4 

(7
.8

 –
 9

.0
)

1.
17

 (
0.

99
 –

 1
.3

8)

2 
or

ga
n 

dy
sf

un
ct

io
ns

L
ow

18
.2

 (
15

.2
 –

 2
1.

6)
17

.6
 (

14
.6

 –
 2

1.
1)

re
fe

re
nc

e
19

.5
 (

17
.3

 –
 2

1.
9)

17
.7

 (
15

.7
 –

 1
9.

9)
re

fe
re

nc
e

In
te

rm
ed

ia
te

22
.4

 (
20

.4
 –

 2
4.

4)
21

.0
 (

19
.2

 –
 2

3.
0)

1.
03

 (
0.

89
 –

 1
.2

0)
21

.2
 (

19
.7

 –
 2

2.
7)

18
.9

 (
17

.5
 –

 2
0.

3)
1.

06
 (

0.
95

 –
 1

.1
8)

H
ig

h
23

.3
 (

21
.7

 –
 2

5.
0)

21
.6

 (
20

.0
 –

 2
3.

3)
1.

29
 (

1.
01

 –
 1

.6
4)

21
.9

 (
20

.9
 –

 2
3.

0)
19

.7
 (

18
.7

 –
 2

0.
7)

1.
14

 (
0.

98
 –

 1
.3

3)

3+
 d

ys
fu

nc
ti

on
s

L
ow

28
.8

 (
24

.8
 –

 3
3.

2)
30

.2
 (

26
.1

 –
 3

4.
7)

re
fe

re
nc

e
36

.4
 (

33
.5

 –
 3

9.
4)

35
.8

 (
32

.7
 –

 3
9.

1)
re

fe
re

nc
e

In
te

rm
ed

ia
te

41
.5

 (
38

.6
 –

 4
4.

5)
42

.4
 (

39
.6

 –
 4

5.
4)

1.
10

 (
0.

96
 –

 1
.2

7)
40

.8
 (

39
.0

 –
 4

2.
6)

40
.7

 (
38

.7
 –

 4
2.

7)
1.

09
 (

0.
99

 –
 1

.2
1)

H
ig

h
45

.4
 (

43
.5

 –
 4

7.
4)

44
.8

 (
43

.0
 –

 4
6.

8)
1.

88
 (

1.
50

 –
 2

.3
4)

43
.5

 (
42

.3
 –

 4
4.

8)
42

.9
 (

41
.5

 –
 4

4.
3)

1.
35

 (
1.

16
 –

 1
.5

6)

a:
L

ea
st

 s
qu

ar
es

 r
eg

re
ss

io
n 

m
ea

n,
 %

 (
95

%
 C

on
fi

de
nc

e 
In

te
rv

al
s)

b:
O

dd
s 

R
at

io
s 

(9
5%

 C
on

fi
de

nc
e 

In
te

rv
al

)

Crit Care Med. Author manuscript; available in PMC 2024 November 01.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Hospital Resource-Use Characteristics
	Patient Study Population and Exclusions
	Patient Characteristics
	Statistical Analysis
	Principal Component Analysis and Hospital Sepsis-Related Capability Score Estimation
	Sepsis-Related Capability Score Performance in the Derivation and Validation Cohort Patients
	Sensitivity and Secondary Analyses


	RESULTS
	Sepsis Capability Scores and Hospital Capability Categories
	Patient Characteristics
	Capability Scores in Relation to Outward Sepsis Transfer Proportions
	Capability Scores in System and Clinical Prediction Models
	Hospital Capability Categories in Relation to Patient-Level Sepsis Mortality
	Hospital Capability and Patient-Level Sepsis Mortality by Organ Dysfunction
	Sensitivity and Secondary Analyses

	DISCUSSION
	CONCLUSIONS
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1:
	Table 2:
	Table 3:
	Table 4:

