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Abstract

Purpose—Sepsis is a leading cause of hospital deaths. Inter-hospital transfer is frequent in sepsis 

and is associated with increased mortality. Some sepsis patients undergo two inter-hospital 

transfers (double transfer). This study assessed the (1) prevalence, (2) associated risk factors, (3) 

associated mortality, and (4) hospital length-of-stay and costs of double-transfer of sepsis patients.

Materials and Methods—Retrospective cohort study using 2005-2014 administrative claims 

data in Iowa. Multivariable generalized estimating equations adjusted for potential confounding 

variables, with a primary outcome of mortality. Secondary outcomes included hospital length-of-

stay and costs. Hospital-specific cost-to-charge ratios estimated hospital costs. Hospitals were 

categorized into quintiles based on sepsis-volume.

Results—Of 15,182 sepsis subjects, there were 45.2% non-transfers and 2.1% double-transfers. 

Double-transfers had worse mortality than non-transfers but not single-transfers. Of the non-

transfers, 44.9% presented to a top sepsis-volume hospital compared to 22.8% of double-transfers 

and 25.1% of single-transfers. After transfer from first to second hospital, 93.4% of the single-

transfers and 92.2% of the double-transfers were at a top sepsis-volume hospital. Double-transfers 

had longer length-of-stay and more in total hospital costs than single-transfers.
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Conclusions—Double-transfer occurs in 2.1% of Iowa sepsis patients. Double-transfers had 

similar mortality and increased length of stay and costs compared to single-transfers.
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BACKGROUND

Sepsis is a leading cause of death in U.S. hospitals [1, 2] with a mortality rate more than 

25%.[2-7] Hospitals managing higher volumes of sepsis cases have been associated with 

lower sepsis mortality rates.[6, 8-12] Inter-hospital transfer is one strategy used to move 

sepsis patients to high-volume centers.[13-16] However, most studies demonstrating this 

volume-mortality association exclude transferred patients.[5, 6, 8-12] Paradoxically, several 

studies suggest that sepsis patients undergoing inter-hospital transfer have higher mortality 

than those who were not transferred.[5, 14, 15, 17-20]

In inter-hospital transfer, a principal concern is delayed treatment, [8, 14, 15, 17, 20-25] 

since treatment delays significantly worsen sepsis prognosis.[8, 14, 21-23] Previously, we 

found most sepsis patients in a midwestern state were transferred.[14] Notably, some 

patients underwent a second inter-hospital transfer (double-transfer).[14] Double-transfer 

increases exposure to inter-hospital transfer risks from the repeat transfer, multiple handoffs, 

and family burden of higher hospital cost and often further distance from home.[19] The 

presence of double-transfer exemplified another main concern in inter-hospital transfer—

whether the current transfer process in sepsis is able to systematically route patients to 

hospitals with higher quality sepsis care.[26] Selection of an optimal level of care is not well 

described in sepsis, [15, 26-29] and inappropriate initial selection of a hospital without 

resources to meet the patients’ care needs may lead to double-transfer.

This study is the first study to analyze double-transfer transfer in sepsis care. The objectives 

of this study were to assess (1) the prevalence of double-transfer in patients diagnosed with 

sepsis in a Midwestern state (2) risk factors associated with double-transfer, and (3) the 

association between double-transfer and mortality, hospital length-of-stay, and hospital 

costs. We hypothesize that double-transfer patients will have worse mortality, increased 

hospital length-of-stay, and increased hospital costs.

METHODS

Study Design, Setting, and Selection of Participants

This study is a retrospective cohort analysis of adult sepsis patients in Iowa. Cases of sepsis 

were obtained from administrative claims data between January 1, 2005 and December 31, 

2014. The majority of hospitals are located in rural areas (80%), do not have a dedicated 

critical care physician (25%), have a sepsis protocol, order set, or care plan (89%), and do 

not have written or unwritten criteria in place for transfer of sepsis patients (44%).[30] 

Those without a diagnosed infection at hospital arrival and those whose final transfer was 

more than one week after initial presentation were excluded. Under waiver of informed 
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consent, the local Institutional Review Board approved this study. Reporting of this project 

adhered to Strengthening the Reporting of Observational studies in Epidemiology 

(STROBE) guidelines.[31]

As previously described, a probabilistic linkage algorithm was used to identify transferred 

subjects.[14] Utilizing sequential matching, the algorithm considered date of visit, subject 

birthdate, sex, zip code and county of residence. Social security number broke nonmatching 

linkages. Visits separated by one day were included if the discharge disposition indicated 

inter-hospital transfer, since this likely represented transfer that crossed midnight. Records 

(10%) were checked manually to verify the algorithm’s ability to detect linkages.[14]

Methods and Measurements

Definitions—Sepsis and Source of Infection were identified by the associated International 

Classification of Diseases, 9th edition, Clinical Modification (ICD-9-CM) discharge 

diagnosis codes.[3] Sepsis was defined using the previously described, prospectively 

validated Angus method which uses criteria based on the ICD-9-CM diagnostic codes.[1, 3, 

32] This sepsis definition identifies subjects diagnosed with concomitant infection and organ 

failure during the same hospitalization and additionally were diagnosed with infection in the 

emergency department.[3, 14] Comorbidities were defined as 29 diseases included in the 

Elixhauser index, identified by the associated ICD-9-CM diagnoses. The Elixhauser method 

has been widely accepted as a tool using dichotomous variables of comorbidity presence to 

adjust for comorbidity burden.[33, 34] To describe the hospitals in which subjects were seen, 

the first, second, and third hospitals were referred to as Index hospital, Second hospital, and 

Final hospital respectively. Transfer order was determined by date of admission and 

disposition codes. Sepsis-volume was determined by the annual number of sepsis patients 

admitted to the hospital. Hospitals were categorized into quintiles based on sepsis-volume; if 
in the highest quintile, the site is a top sepsis-volume hospital. Emergency Department 
volume was similarly determined based on overall volume of patients seen, and hospitals 

were again categorized into quintiles. Rurality of a subject’s residence was based on the 

classification of the zip code of residence by the Rural Urban Commuting Area codes.[35] 

Medically Underserved Area is a designation given to the area a subject listed as their 

residence based on data from the US Census and Department of Health and Human 

Services. The medically underserved area designation is based on the number of primary 

care physicians, residents with income below the poverty level, elderly residents ( ≥ 65 

years), and the infant mortality rate.[36] Critical Access Hospital is a designation given by 

the Center for Medicare and Medicaid services to hospitals serving rural communities. 

Procedures at each hospital were identified using Current Procedural Terminology© codes 

and dichotomized (procedure/no procedure) for each hospital. Surgery was classified using 

the Surgery Flag software, developed by the Agency for Healthcare Research and Quality 

Healthcare Cost and Utilization Project. This classification program uses Current Procedural 

Terminology© and ICD-9 -CM codes to identify surgical procedures; the Broad definition 

was used.[37]

Exposure—The primary exposure of interest was number of inter-hospital transfers. 

Subjects were divided into three categories based on the number of hospital transfers: (1) 
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non-transfer, (2) single-transfer, and (3) double-transfer. For this study, double-transfer 

subjects were considered the exposed group, and single-transfer subjects were the 

comparison group. Single-transfer was defined by a disposition code describing discharge 

with transfer to a separate institution that could then be linked to an inpatient visit at the 

receiving hospital. Double-transfer was similarly defined as subjects with two distinct 

discharge codes each with transfer to another hospital and two subsequent inpatient visits at 

both receiving hospitals.

Outcomes—The primary outcome of this study was in-hospital mortality. In-hospital 

mortality included mortality in any hospital prior to discharge from the final hospital. 

Secondary outcomes were total length-of-stay (from initial visit to final discharge) and total 

healthcare costs.

Mapping—Distances were calculated using a previously described method utilizing 

GoogleMaps Application Programming Interface. [14] Briefly, driving distance was 

estimated from subject residence, defined as geographic centroid of the Zip Code Tabulation 

Area, to hospital location(s).

Costs—Healthcare costs were estimated using cost-to-charge ratios.[14] Similar to the 

Healthcare Research and Quality Healthcare Cost and Utilization Project, cost-to-charge 

ratios were estimated for each hospital based on annual financial statements, adjusted for 

inflation (according to inflation rates of the Consumer Price Index for medical costs). Total 

costs included all medical costs. Costs are reported in USD$2010.

Availability of Data and Materials

The data set analyzed in this study is not publicly available, because of protected health 

information, the data use agreement requirements for this dataset, and the possibility of 

subject identification in rural communities.

Analysis

Descriptive statistics were calculated by number of transfers and total study cohort. 

Univariate tests, chi-square and Wilcoxon-Mann-Whitney, were used to compare 

demographic and facility characteristics by exposure status.

Identification of Risk Factors for Double-Transfer.—A generalized logit model 

(binomial distribution, logit link) was used to identify subject and facility characteristics 

associated with double-transfer compared to a referent group of single-transfer (α <0.20). 

Candidate risk factors, identified in univariate regression, were included in a multivariable 

generalized logit model to estimate magnitude of risk, adjusting for other risk factors. 

Robust standard errors were used with clustering on the index hospital.

Association between Transfer Status and Outcomes.—Generalized estimating 

equations (binomial distribution and logit link) with robust standard errors clustered on 

index hospital were used to estimate the association between double-transfer status and 

hospital mortality. Unadjusted associations were presented. Then, multivariable models were 
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constructed using the following criteria: (1) hypothesized association of covariate based on 

clinical reasoning and previous literature, (2) association of covariate and outcome (α 
<0.20), and (3) minimization of Akaike Information Criterion (AIC). Collinearity and 

statistical interactions were assessed for each outcome. For the secondary outcomes of cost 

and length-of-stay, generalized estimating equations models with a linear model and a log-

transformed model were used (identity link with exchangeable correlation matrix). If 

estimates of the linear and log-transformed models were similar in direction and 

significance, an a priori decision was made to use the linear model, as it maximized 

interpretability of coefficients.

Sensitivity Analyses.—Two sensitivity analyses were performed to test the robustness of 

the results to the study population. The first sensitivity analysis reviewed the entire sepsis 

population (including those with infections that were not present on admission and late 

transfers). The second sensitivity analysis included the subset of subjects with infections that 

were not present on admission (while still excluding late transfers).

All statistical analyses were completed using SAS (version 9.4; SAS Institute, Inc., Cary, 

NC).

RESULTS

Characteristics of the Study Subjects

Over the ten-year study period, 23,067 adult severe sepsis or septic shock cases were 

identified. The majority of cases were successfully linked (79%, n= 18,246). Most failed 

linkages were cases that were likely transferred out of Iowa, as they presented at hospitals 

near state borders with neighboring large urban areas. Subjects with more than seven days 

elapsed between the initial encounter and the final transfer date, “late transfers,” (n=576) 

and subjects who did not have infection present on admission (n=2,488) were excluded 

(Figure 1). “Late transfers” might have been transferred for a non-sepsis related concern or 

care complication. Of the final study cohort (n=15,182), females compromised 50.3% and 

patients were predominately white (91.6%) and resided in a rural area (78.1%).

Main Results

Descriptive Analysis.—Overall, 54.8% (n= 8,325) of the cohort underwent inter-hospital 

transfer, 52.7% (n= 8,001) were single-transfer, and 2.1% (n= 324) were double-transfer 

(Table 1). A majority, 93.0% (n= 7,745) of all inter-hospital transfer subjects, were 

ultimately admitted at a top quintile sepsis-volume hospital (Figure 2). Of the non-transfer 

group, 44.9% presented to a top quintile sepsis-volume hospital. Initially, 25.1% of single-

transfer and 22.8% of double-transfer subjects presented to a top quintile sepsis-volume 

hospital (Table 1 & Figure 2). After one transfer, 93.4% of single-transfer and 92.2% 

double-transfer subjects were at a top quintile sepsis-volume hospital however, double-

transfer subjects underwent transfer once more. After the second transfer, most double-

transfer subjects (86.1%) were at a top quintile sepsis-volume hospital as their final hospital.
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Risk Factors for Double-transfer.—Table 2 describes patient and facility characteristics 

associated with increased odds of double-transfer compared to single-transfer. In an adjusted 

model controlling for other risk factors, younger age (18-50 years vs. 82+ years) (aOR 2.17 

[95%CI 1.42 – 3.31]), procedure(s) at the second hospital (aOR 7.04 [95%CI 5.32 – 9.33]), 

and earlier year of encounter were the strongest risk factors for double-transfer compared to 

single-transfer (Table 2). The five most common procedures overall were: venous 

catheterization (ICD-9 code 3893), red blood cell transfusion (code 9904), continuous 

invasive mechanical ventilation < 96 hours (code 9671), insertion of endotracheal tube (code 

9604), and diagnostic ultrasound of the heart (code 8872).

Double-transfer and Mortality, Length-of-Stay, and Costs—During the total 

hospital encounter, 13.8 % (n=2,089) subjects died. Among inter-hospital transfer subjects, 

16.9% of single-transfer subjects died and 18.5% of double-transfer subjects died. Length of 

stay was higher for double-transfer subjects compared to single-transfer subjects (mean 

difference 2.97 days [95%CI 1.76 – 4.18]). Additionally, total encounter cost was higher for 

double-transfer compared to single-transfer subjects (mean difference $723 [95%CI 485 – 

962]).

Double-transfer was not associated with higher hospital mortality when compared to single-

transfer, even after adjustment for differences in risk and patient populations (aOR 1.23 

[95%CI 0.95 – 1.61]) (Table 3). For the secondary outcomes, the log-transformed results 

were similar in direction and significance to linear model coefficients, so the linear models 

were reported (Table 3). After adjustment, double-transfer was associated with an average 

$10,691 (95%CI $5,737 – $15,646) greater total costs and increased length-of-stay of 2.86 

days (95%CI 1.37 – 4.35) compared to single-transfer (Table 3).

Sensitivity Analyses.—No association between double-transfer status and hospital 

mortality was observed when including late transfer subjects and subjects without infection 

present on admission (aOR 0.95 [95%CI 0.78 – 1.17]; p = 0.659). Results also did not 

change when including subjects without infection present on admission but who 

subsequently developed infection during the encounter (aOR 0.97 [95%CI 0.77 – 1.22]; p = 

0.786) (Table S1).

DISCUSSION

Double-transfer occurs in 2.1% of sepsis patients in a Midwestern state. No difference in 

mortality was found between double-transfer and single-transfer patients, although double-

transfer patients had longer length-of-stay and higher hospital costs. These findings highlight 

that patient-relevant outcomes may be worse in patients who undergo double-transfer than 

those whose care can be provided at the hospital they are transferred to initially.

Regarding double-transfer subjects, two sequences were observed in the second transfer: (1) 

the second transfer occurred between high-volume hospitals (amongst top-quintile or from 

top to 4th highest quintile hospitals), or (2) a small group of double-transfer patients (7.1%, 

n=23) were transferred from a top-quintile sepsis hospital to a hospital in the 3rd or lower 

sepsis-volume quintiles (e.g. back-transfer). Some sepsis patients in the double-transfer 
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cohort (7.5%) were initially transferred to hospitals that were not high-volume hospitals, 

suggesting that inadequate resources were available at the first destination for 

comprehensive care. We hypothesize that a double-transfer patient is actually a patient who 

may have been inaccurately triaged at the time of the first hospital transfer.

Little guidance is provided on selecting the destination for inter-hospital transfer for sepsis 

patients.[38] Providers may rely on hospital volume as an indicator of sepsis capability, 

although outcomes and resources may still vary widely between top-volume institutions.[27] 

Some specialized services, such as hepatology, interventional radiology, or inpatient surgical 

specialties may not be available even in high volume hospitals, so if patients develop the 

need for these services they may require a second transfer. The relative success of 

regionalized networks, such as for trauma [39], and established associations between higher 

hospital volume and lower mortality [6, 8-12] reinforce that transferring to high volume 

hospitals will lead to improved outcomes[15, 26, 28, 40, 41], but hospital-specific 

capabilities are heterogeneous and contribute significantly to transfer-decision-making.[30] 

While hospital volume- sepsis mortality relationships are present, it is unclear whether 

transfer itself is associated with improved mortality, other than for resuscitated patients who 

have specific procedural or consultation needs.[5, 6, 8-12] [14, 15]

Regionalization networks are increasingly well established for high-mortality conditions 

such as trauma (hospital trauma level designations) and myocardial infarction.[42, 43] In 

myocardial infarction, a 9.4% reduction in 30-day mortality was found when double-transfer 

was prevented by avoiding initial transfer to an under-resourced hospital (i.e. without 

catheterization capability).[27] Trauma, stroke, critical care, and burn designations recognize 

that rapidly identifying patients who will benefit from the most comprehensive care can 

improve outcomes, and that risk stratifying both patients and hospital capabilities is a 

powerful strategy to better match patients with care facilities. Sepsis has a higher mortality 

rate than myocardial infarction,[44] but similar easily accessible sepsis hospital designations 

do not exist in the US. Double-transfer may occur due to the lack of sepsis-specific 

information to guide appropriate hospital selection and incomplete insight in the services 

that will be required for definitive care. An Interhospital Sepsis Code, a formal 

regionalization network, in Catalonia, Spain has developed a system of designated sepsis 

centers based on resources and capabilities to inform triage of sepsis patients.[45] In the US, 

formal regionalization networks and transfer protocols for sepsis care could reduce double-

transfer by optimizing initial transfer triage for sepsis patients.

The largest risk factor for double-transfer was a procedure at the 2nd hospital. This could 

also demonstrate how double-transfer may occur due to the heterogenous presentation and 

management of sepsis. Providers may believe the benefit of transfer to another institution 

where specialists were more likely available would outweigh the risks of transfer especially 

when a patient’s management was complicated by factors such as procedural intervention. 

As the patient progressed and a procedure (such as surgical intervention or central line 

placement)[46] was considered, secondary transfer was performed.

Targeted approaches that could simplify transfer destination decisions and reduce 

unnecessary transfers include: (1) establishing easily accessible hospital data on sepsis-
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related resources (e.g. intensivist availability, ability to complete procedures such as a 

central line[46] through which “sepsis-capable hospitals” can be identified, (2) creating 

sepsis regionalization networks, or regional sepsis codes, (3) emphasizing the need to 

complete time sensitive interventions prior to transfer[5, 14, 24] (i.e. during the time at the 

referring facility which accounts for a large proportion of the transfer delay[24]) which may 

prevent patient deterioration that later requires repeat transfer to a higher capability hospital, 

and (4) identifying facility-level interventions (e.g. telemedicine) to close the outcome gap 

between higher and lower volume hospitals to allow more patients to be treated locally.[9, 

47, 48]

Telemedicine has improved decision making with regards to appropriate patient and hospital 

selection in inter-hospital transfer, improved best practices adherence, and decreased 

complication rates.[21, 25, 49-51] Telemedicine could provide the bedside expertise of a 

specialist without exposing the patient to transfer but it may also be used to improve 

outcomes through improved triage or improved early care, even when transfer is indicated. 

Further, the volume-outcome relationship in sepsis has been hypothesized to be a surrogate 

indicator for best practice guideline adherence; local hospitals could improve adherence 

through telemedicine and the volume-outcome association may lessen.[9] Patients and 

families could stay closer to home [14, 50-52] health care resources would be better utilized, 

and local providers would increase their experience with diagnosis and treatment of sepsis.

This study has limitations. First, there may be residual confounding since our data was 

limited to administrative claims data utilized for billing purposes. Notably, severity of illness 

could not be included in our analysis due to the lack of physiological and clinical data (e.g. 

time to sepsis bundle component initiation, vasopressor dose, mechanical ventilation).[14] 

However, double-transfer subjects may have lived longer or were more stable and therefore 

were able to undergo double-transfer. That improved health status could contribute to a 

survival bias. To minimize this risk of bias, we adjusted for proxies of severity of illness by 

using a validated comorbidity index. Selection bias is a major concern in most studies of 

inter-hospital transfer in sepsis, as there is a possibility that the inter-hospital transfer group 

had increased severity of illness. In this study, our main comparison was between double-

transfer and single-transfer subjects; both cohorts were composed of subjects chosen for 

transfer. Therefore, the risk of selection bias is greatly reduced, as both groups likely had a 

range of illness severities necessitating transfer to an outside hospital. -Further, single-

transfer was used as a comparison group, as this population is likely to have fewer 

differences in unmeasured covariates with the double-transfer group than the population that 

was not transferred. Second, inaccurate coding practices allow the possibility of 

ascertainment bias, or inaccurately estimating incidence.[1] We used a validated method of 

identifying sepsis from ICD-9-CM codes to minimize this effect.[1, 3, 32] Although the term 

severe sepsis is not used currently, we mention this diagnosis as it is was used for coding 

purposes in IC9-CM. Third, another limitation comes from the use of all-cause mortality and 

transfer. The data did not indicate whether death or transfer was sepsis-specific. To limit the 

inclusion of deaths and transfers unrelated to sepsis, subjects were only included if their 

final transfers occurred within one week of the initial hospital presentation making it more 

likely that both transfer and mortality were sepsis-related. Fourth, it is possible that the 

power to detect a difference in mortality was limited for this study and may be susceptible to 
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Type II error. Finally, our data was from one primarily rural Midwestern state, and outcomes 

may vary in other regions with different healthcare systems and case mixes.

CONCLUSION

Double-transfer occurs in 2.1% of severe sepsis and septic shock patients. Minimizing 

double-transfer through improved triage decision-making could be an opportunity to reduce 

cost, decrease length-of-stay, and limit exposure to transfer risks, including mortality. While 

transfer may ultimately be the best option for a specific patient, routing decisions 

(particularly those made at the initial hospital) should minimize unnecessary transfers. 

Future studies should assess decision making in double-transfer (including patient selection 

and hospital destination), double-transfer prevalence and patterns in other settings, and the 

effect of interventions such as telemedicine and sepsis regionalization networks on double-

transfer.
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Highlights:

• Double-transfer occurs in 2.1% of severe sepsis and septic shock patients

• No mortality differences were observed between double-and single-transfer

• Higher healthcare costs and length-of-stay were observed in double-transfer

• Minimizing double-transfer could reduce the health care burden of sepsis
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Figure 1. 
Flowchart of Study Subjects.
#Cohort formation previously reported.14

Late transfer indicates greater than seven days between initial admit and final transfer date. 

Infection present on admission defined using Angus definition.
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Figure 2. 
Inpatient Sepsis Volume of Hospitals by Transfer Status

Inpatient Sepsis Volume at First Hospital (Top); Second Hospital (Middle); Third Volume 

(Bottom).
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Table 1.

Demographics of Study Participants by Transfer Frequency

All No
Transfer

Single
Transfer

Double
Transfers

N (%) 15 182 (100%) 6 857 (45.2) 8 001 (52.7) 324 (2.1)

Age, n (%) <0.001

Median (IQR) 74.0 (61.0 – 84.0) 80.0 (70.0 – 
87.0)

68.0 (56.0 – 
78.0)

64.0 (52.0 – 
77.0)

 18 – 50 years 1 807 (11.9) 463 (6.8) 1 271 (15.9) 73 (22.5)

 51 – 69 years 4 291 (28.3) 1 154 (16.8) 3 012 (37.7) 125 (38.6)

 70 – 81 years 4 401 (28.3) 2 063 (30.1) 2 259 (28.2) 79 (24.4)

 82+ years 4 683 (30.9) 3 177 (46.3) 1 459 (18.2) 47 (14.5)

Sex, n (%) <0.001

 Female 7 629 (50.3) 3 611 (52.7) 3 863 (48.3) 155 (47.8)

 Male 7 553 (49.8) 3 246 (47.3) 4 138 (51.7) 169 (52.2)

Race/Ethnicity, n (%) <0.001

 African 134 (1.7) 6 (1.9)

 American/Black 200 (1.3) 60 (0.9)

 White 13 905 (91.6) 6 404 (93.4) 7 198 (90.0) 304 (93.8)

 Other/Missing 1 077 (7.1) 393 (5.8) 669 (8.3) 14 (4.3)

Insurance Type, n (%) <.0001

 Public 12 765 (84.1) 6 266 (91.4) 6 236 (77.9) 263 (81.2)

 Commercial 1 893 (12.5) 486 (7.1) 1 361 (17.0) 46 (14.2)

 Uninsured/Self-Pay 499 (3.3) 96 (1.4) 389 (4.9) 14 (4.3)

Year, n (%) <.0001

 2005 787 (5.2) 478 (7.0) 279 (3.5) 30 (9.3)

 2006 1 023 (6.7) 611 (8.9) 373 (4.7) 39 (12.0)

 2007 1 244 (8.2) 671 (9.8) 522 (6.5) 51 (15.7)

 2008 1 477 (9.7) 724 (10.6) 728 (9.1) 25 (7.7)

 2009 1 609 (10.6) 728 (10.6) 860 (10.8) 21 (6.5)

 2010 1 828 (12.0) 898 (13.1) 900 (11.3) 30 (9.3)

 2011 1 927 (12.7) 830 (12.1) 1 065 (13.3) 32 (9.9)

 2012 2 010 (13.2) 792 (11.6) 1 183 (14.8) 35 (10.8)

 2013 2 094 (13.8) 910 (13.3) 1 150 (14.4) 34 (10.5)

 2014 1 183 (7.8) 215 (3.1) 941 (11.8) 27 (8.3)

Patient Rurality
1 <.0001

 Urban 3 337 (22.0) 1 630 (23.8) 1 650 (20.6) 57 (17.6)

 Large Rural 2 425 (16.0) 622 (9.1) 1 737 (21.7) 66 (20.4)

 Small Rural 5 428 (35.8) 2 668 (38.9) 2 654 (33.2) 106 (32.7)

 Isolated Rural 3 989 (26.3) 1 934 (28.2) 1 960 (24.5) 95 (29.3)

Medically Underserved Area 
(MUA)

<.0001

 Yes 4 260 (28.1) 2 203 (32.1) 1 978 (24.7) 79 (24.4)
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All No
Transfer

Single
Transfer

Double
Transfers

N (%) 15 182 (100%) 6 857 (45.2) 8 001 (52.7) 324 (2.1)

 No 9 384 (61.8) 4 278 (62.4) 4 899 (61.2) 207 (63.9)

 Unknown 1 538 (10.1) 376 (5.5) 1 124 (14.1) 38 (11.7)

Distance (mi.), Median (IQR)

 Index Hospital 2.8 (0.9 – 13.6) 2.7 (0.7 – 13.7) 2.8 (1.0 – 12.8) 14.6 (1.6 – 50.5) <.0001

 Final admitting Hospital 26.7 (3.1 – 57.9) 2.9 (0.8 – 13.4) 53.6 (36.0 – 
80.2)

65.4 (36.7 – 
90.1)

<.0001

 Top-Decile Sepsis Hospital 40.0 (25.7 – 65.6) 44.1 (25.2 – 
72.4)

39.2 (26.3 – 
57.9)

40.0 (28.6 – 
57.9)

<.0001

 Total Transfer Distance 
(miles)

22.9 (0.0 – 59.7) 0 (0 – 0) 53.8 (35.9 – 
81.9)

119.3 (85.7 – 
175.2)

<.0001

First ED Cost (USD2010), 
Median (IQR)

$1,432 (926 – 2,200) 1,287 (859 – 
1,962)

1,562 (994 – 
2,404)

1,502 (1,050 – 
2,303)

<.0001

Source of Infection

 Abdominal 838 (5.5) 248 (3.6) 566 (7.1) 24 (7.4) <.0001

 Bloodstream 1 107 (7.3) 322 (4.7) 735 (9.2) 50 (15.4) <.0001

 Cellulitis/Soft Tissue 1 265 (8.3) 528 (7.7) 703 (8.8) 34 (10.5) 0.021

 Ear, Nose, Throat 100 (0.7) 41 (0.6) 54 (0.7) 5 (1.5) 0.117

 Gastroenteritis 479 (3.2) 229 (3.3) 242 (3.0) 8 (2.5) 0.426

 Meningitis 100 (0.7) 11 (0.2) 82 (1.0) 7 (2.2) <.0001

 Other 6 791 (44.7) 1 950 (28.4) 4 661 (58.3) 180 (55.6) <.0001

 Pneumonia 5 808 (38.3) 3 013 (43.9) 2 685 (33.6) 110 (34.0) <<.0001

 Osteomyelitis 204 (1.3) 39 (0.6) 157 (2.0) 8 (2.5) <<.0001

 UTI 4 010 (26.4) 2 361 (34.4) 1 578 (19.7) 71 (21.9) <.0001

 Surgical 273 (1.8) 55 (0.8) 205 (2.6) 13 (4.0) <.0001

Co-morbidities (Elixhauser)

 Congestive Heart Failure 3 690 (24.3) 1 586 (23.1) 2 014 (25.2) 90 (27.8) 0.005

 Valvular Heart Disease 1 031 (6.8) 349 (5.1) 643 (8.0) 39 (12.0) <.0001

 Peripheral Vascular Disease 1 379 (9.1) 420 (6.1) 913 (11.4) 46 (14.2) <.0001

 Hypertension (complicated & 
uncomplicated)

8 319 (54.8) 3 414 (49.8) 4 709 (58.9) 196 (60.5) <.0001

 Paralysis 522 (3.4) 191 (2.8) 311 (3.9) 20 (6.2) <.0001

 Other Neurologic Disorders 1 924 (12.7) 974 (14.2) 915 (11.4) 35 (10.8) <.0001

 Diabetes Mellitus without 
Chronic Complications

4 031 (26.6) 1 639 (23.9) 2 291 (28.6) 101 (31.2) <.0001

 Diabetes Mellitus with Chronic 
Complications

3 328 (21.9) 1 242 (18.1) 2 009 (25.1) 77 (23.8) <.0001

 Liver Disease 760 (5.0) 174 (2.5) 560 (7.0) 26 (8.0) <.0001

 Lymphoma 257 (1.7) 81 (1.2) 168 (2.1) 8 (2.5) <.0001

 Metastatic Cancer 480 (3.2) 176 (2.6) 291 (3.6) 13 (4.0) 0.0007

 Solid Tumor without 
Metastasis

605 (4.0) 231 (3.4) 355 (4.4) 19 (5.9) 0.0009

 Rheumatoid arthritis/collagen 
vascular diseases

576 (3.8) 232 (3.4) 324 (4.1) 20 (6.2) 0.008

 Weight loss 1 681 (11.1) 386 (5.6) 1 246 (15.6) 49 (15.1) <.0001
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All No
Transfer

Single
Transfer

Double
Transfers

N (%) 15 182 (100%) 6 857 (45.2) 8 001 (52.7) 324 (2.1)

 Fluid and electrolyte disorders 8 658 (57.0) 3 111 (45.4) 5 329 (66.6) 218 (67.3) <.0001

 Blood loss anemia 240 (1.6) 91 (1.3) 140 (1.8) 9 (2.8) 0.026

 Deficiency anemias 4 824 (31.8) 1 981 (28.9) 2 715 (33.9) 128 (39.5) <.0001

 Alcohol abuse 582 (3.8) 113 (1.7) 455 (5.7) 14 (4.3) <.0001

 Drug abuse 216 (1.4) 41 (0.6) 159 (2.0) 16 (4.9) <.0001

 Psychoses 759 (5.0) 338 (4.9) 405 (5.1) 16 (4.9) 0.933

 Depression 2 015 (13.3) 865 (12.6) 1 098 (13.7) 52 (16.1) 0.046

Surgery during Hospital (Broad 
definition), n (%)

3 476 (22.9) 693 (10.1) 2 636 (33.0) 147 (45.4) <.0001

Procedures

 First Hospital 1 229 (8.1) 475 (6.9) 724 (9.1) 30 (9.3) <.0001

 Second Hospital 5 090 (61.1) - - 4 989 (62.4) 101 (31.2) <.0001

 Third Hospital 202 (62.4) - - - - 202 (62.4) -

Total Length of Stay (days), 
Median (IQR)

6.0 (3.0 – 10.0) 4.0 (3.0 – 6.0) 8.0 (5.0 – 13.0) 10.0 (7.0 – 16.0) <.0001

ED Volume – First ED <.0001

<20% 1 318 (8.7) 664 (9.7) 618 (7.7) 36 (11.1)

20 – 39% 2 488 (16.4) 1 212 (17.7) 1 220 (15.3) 56 (17.3)

40 – 59% 3 588 (23.6) 1 786 (26.1) 1 751 (21.9) 51 (15.7)

60 – 79% 3 860 (25.4) 1 556 (22.7) 2 215 (27.7) 89 (27.5)

80 – 89% 1 494 (9.8) 328 (4.8) 1 124 (14.1) 42 (13.0)

>90% 2 434 (16.0) 1 311 (19.1) 1 073 (13.4) 50 (15.4)

ED Volume – Second ED <.0001

<20% 664 (9.7) * * * *

20 – 39% 1 212 (17.7) * * * *

40 – 59% 1 786 (26.1) * * * *

60 – 79% 1 556 (22.7) 118 (1.5) 9 (2.8)

80 – 89% 328 (4.8) 914 (11.4) 45 (13.9)

>90% 1 311 (19.1) 6896 (86.2) 169 (83.0)

ED Volume – Last ED <.0001

<20% 677 (4.5) 664 (9.7) * * * *

20 – 39% 1 253 (8.3) 1 212 (17.7) 31 (0.4) 10 (3.1)

40 – 59% 1 823 (12.0) 1 786 (26.1) * * * *

60 – 79% 1 687 (11.1) 1 556 (22.7) 118 (1.5) 13 (4.0)

80 – 89% 1 262 (8.3) 328 (4.8) 914 (11.4) 20 (6.2)

>90% 8 480 (55.9) 1 311 (19.1) 6896 (86.2) 273 (84.3)

Critical Access Hospital – First 
Hospital

10 254 (67.5) 5 138 (74.9) 4 923 (61.5) 193 (59.6) <.0001

Inpatient Sepsis Volume at first 
IP Hospital

<.0001

<20% 1 040 (6.9) 158 (2.3) 842 (10.5) 41 (12.7)

20 – 39% 2 574 (17.0) 636 (9.3) 1 851 (23.2) 87 (26.9)
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All No
Transfer

Single
Transfer

Double
Transfers

N (%) 15 182 (100%) 6 857 (45.2) 8 001 (52.7) 324 (2.1)

40 – 59% 2 832 (18.7) 1 174 (17.1) 1 588 (19.9) 70 (21.6)

60 – 79% 3 575 (23.6) 1 812 (26.4) 1 711 (21.4) 52 (16.1)

80 – 89% 2 520 (16.6) 1 411 (20.6) 1 084 (13.6) 25 (7.7)

>90% 2 634 (17.4) 1 666 (24.3) 919 (11.5) 49 (15.1)

Inpatient Sepsis Volume at 2nd 
IP Hospital

<.0001

<20% 158 (2.3) 73 (0.9) 7 (2.2)

20 – 39% 636 (9.3) * * * *

40 – 59% 1 174 (17.1) * * * *

60 – 79% 1 812 (26.4) 274 (3.4) 15 (4.6)

80 – 89% 1 411 (20.6) 564 (7.1) 28 (8.6)

>90% 1 666 (24.3) 6 902 (86.3) 271 (83.6)

Inpatient Sepsis Volume at last 
IP Hospital

<.0001

 <20% 236 (1.6) 158 (2.3) 73 (0.9) 5 (1.5)

 20 – 39% 739 (4.9) 636 (9.3) 94 (1.2) 9 (2.8)

 40 – 59% 1 277 (8.4) 1 174 (17.1) 93 (1.2) 10 (3.1)

 60 – 79% 2 107 (13.9) 1 812 (26.4) 274 (3.4) 21 (6.5)

 80 – 89% 1 988 (13.1) 1 411 (20.6) 564 (7.1) 13 (4.0)

 >90% 8 834 (58.2) 1 666 (24.3) 6 902 (86.3) 266 (82.1)

Inpatient-to-Inpatient Transfer 
(yes/no) (Only includes 
transferred subjects)

2 628 (31.6) - - 2 486 (31.1) 142 (43.8) <.0001

1
Patient rurality is based on the four category Rural Urban Commuting Area using the four-category classification.
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Table 2.

Risk Factors for Two Inter-Facility Transfers Compared to Single Transfers

Unadjusted Adjusted

uOR 95%CI uOR aOR 95%CI p-value

Age, n (%)

 18 – 50 years 1.84 1.25 – 2.69 0.002 2.17 1.42 – 3.31 <0.001

 51 – 69 years 1.31 0.92 – 1.85 0.129 1.55 1.07 – 2.23 0.019

 70 – 81 years 1.11 0.77 – 1.61 0.571 1.11 0.76 – 1.63 0.586

 82+ years (ref.) 1.00 - - 1.00 - -

Sex, n (%)

 Female 0.98 0.79 – 1.23 0.886 -

 Male (ref.) 1.00 - - -

Race/Ethnicity, n (%)

 African American/Black 1.02 0.44 – 2.36 0.955 0.92 0.38 – 2.23 0.849

 Hispanic/Latino (any race) 0.89 0.12 – 6.63 0.912 1.42 0.16 – 12.50 0.749

 White (ref.) 1.00 - - 1.00 - -

 Other/Missing 0.52 0.30 – 0.90 0.019 0.32 0.18 – 0.58 <0.001

Insurance Type, n (%)

 Public (ref.) 1.00 - - -

 Commercial 0.81 0.58 – 1.11 0.190 -

 Uninsured/Self-Pay 0.87 0.50 – 1.51 0.623 -

 Other 1.51 0.20 – 11.57 0.690 -

Year, n (%)

 2005 (ref.) 1.00 - - 1.00 - -

 2006 0.96 0.58 – 1.60 0.884 0.83 0.48 – 1.49 0.502

 2007 0.90 0.55 – 1.45 0.656 0.80 0.48 – 1.34 0.391

 2008 0.31 0.18 – 0.55 <0.001 0.34 0.19 – 0.61 <0.001

 2009 0.22 0.13 – 0.40 <0.001 0.23 0.12 – 0.42 <0.001

 2010 0.30 0.18 – 0.52 <0.001 0.34 0.19 – 0.60 <0.001

 2011 0.28 0.16 – 0.47 <0.001 0.29 0.16 – 0.50 <0.001

 2012 0.27 0.16 – 0.45 <0.001 0.28 0.16 – 0.49 <0.001

 2013 0.26 0.16 – 0.44 <0.001 0.25 0.15 – 0.44 <0.001

 2014 0.26 0.15 – 0.47 <0.001 0.14 0.08 – 0.25 <0.001

Patient Rurality1

 Urban (ref.) 1.00 - - 1.00 - -

 Large Rural 1.28 0.84 – 1.95 0.254 1.36 0.85 – 2.18 0.198

 Small Rural 1.27 0.88 – 1.84 0.201 1.56 0.99 – 2.46 0.053

 Isolated Rural 1.51 1.04 – 2.19 0.030 1.55 0.98 – 2.46 0.061

Medically Underserved Area (MUA)

 Yes 1.03 0.77 – 1.38 0.849 -

 No (ref.) 1.00 - - -

Source of Infection
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Unadjusted Adjusted

uOR 95%CI uOR aOR 95%CI p-value

 Abdominal 0.85 0.52 – 1.41 0.537 0.64 0.38 – 1.11 0.111

 Bloodstream 1.34 0.86 – 2.09 0.195 1.38 0.85 – 2.24 0.190

 Cellulitis/Soft Tissue 1.24 0.82 – 1.88 0.310 1.15 0.74 – 1.80 0.528

 Ear, Nose, Throat 0.68 0.09 – 5.01 0.704 0.60 0.07 – 5.23 0.641

 Gastroenteritis 0.51 0.12 – 2.11 0.356 0.59 0.14 – 2.50 0.475

 Meningitis 2.12 0.95 – 4.74 0.068 1.76 0.72 – 4.29 0.214

 Other 0.68 049 – 0.93 0.015 0.77 0.55 – 1.09 0.139

 Pneumonia (ref.) 1.00 - - 1.00 - -

 Osteomyelitis 1.12 0.34 – 3.64 0.853 0.77 0.21 – 2.73 0.681

 UTI 0.94 0.66 – 1.34 0.732 0.92 0.63 – 1.32 0.640

 Surgical 0.94 0.66 – 1.34 0.732 1.18 0.61 – 2.26 0.629

Co-morbidities (Elixhauser)

 Congestive Heart Failure 1.15 0.89 – 1.47 0.284 -

 Valvular Heart Disease 1.59 1.12 – 2.24 0.009 1.59 1.10 – 2.30 0.014

 Peripheral Vascular Disease 1.31 0.95 – 1.80 0.101 1.31 0.93 – 1.83 0.125

 Hypertension (complicated & uncomplicated) 1.09 0.86 – 1.36 0.482 -

 Paralysis 1.61 1.01 – 2.58 0.046 1.66 1.01 – 2.72 0.044

 Other Neurologic Disorders 0.96 0.67 – 1.37 0.806 -

 Diabetes Mellitus without Chronic Complications 1.13 0.88 – 1.43 0.335 -

 Diabetes Mellitus with Chronic Complications 0.94 0.73 – 1.23 0.666 -

 Liver Disease 1.13 0.75 – 1.72 0.549 -

 Lymphoma 1.19 0.58 – 2.44 0.641 -

 Metastatic Cancer 1.09 0.62 – 1.93 0.768 -

 Solid Tumor without Metastasis 1.35 0.84 – 2.18 0.218 -

 Rheumatoid arthritis/collagen vascular diseases 1.52 0.95 – 2.43 0.078 1.55 0.95 – 2.55 0.080

 Weight loss 0.98 0.72 – 1.34 0.888 -

 Fluid and electrolyte disorders 1.02 0.80 – 1.30 0.870 -

 Blood loss anemia 1.60 0.81 – 3.18 0.177 1.70 0.81 – 3.57 0.160

 Deficiency anemias 1.27 1.01 – 1.59 0.043 1.43 1.12 – 1.82 0.004

 Alcohol abuse 0.74 0.43 – 1.29 0.291 -

 Drug abuse 2.61 1.53 – 4.45 <0.001 1.96 1.07 – 3.59 0.029

 Depression 1.20 0.89 – 1.63 0.232 -

Surgery during Hospital (Broad definition), n (%) 1.70 1.36 – 2.13 <0.001 2.35 1.79 – 3.07 <0.001

Procedures

 First Hospital 1.02 0.68 – 1.53 0.919 -

 Second Hospital 3.91 3.06 – 5.00 <0.001 7.04 5.32 – 9.33 <0.001

ED Volume – First ED

<20% 1.28 0.75 – 2.20 0.371 1.07 0.27 – 4.31 0.922

20 – 39% 0.97 0.59 – 1.59 0.905 0.97 0.26 – 3.68 0.970

40 – 59% 0.59 0.35 – 0.97 0.039 0.62 0.18 – 2.19 0.458

60 – 79% 0.83 0.52 – 1.32 0.425 1.00 0.37 – 2.69 0.998
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Unadjusted Adjusted

uOR 95%CI uOR aOR 95%CI p-value

80 – 89% 0.88 0.51 – 1.54 0.658 1.08 0.48 – 2.43 0.854

>90% (ref.) 1.00 - - 1.00 - -

Inpatient Sepsis Volume at first IP Hospital

<20% 0.86 0.51 – 1.44 0.562 0.96 0.37 – 2.51 0.935

20 – 39% 0.91 0.58 – 1.43 0.686 0.95 0.41 – 2.22 0.904

40 – 59% 0.77 0.48 – 1.22 0.264 0.82 0.36 – 1.87 0.641

60 – 79% 0.55 0.34 – 0.89 0.016 0.65 0.30 – 1.39 0.265

80 – 89% 0.41 0.23 – 0.74 0.003 0.45 0.20 – 1.02 0.057

>90% (ref.) 1.00 - - 1.00 - -

Critical Access Hospital 0.34 0.20 – 0.58 <0.001 0.86 0.38 – 1.97 0.724

This is a generalized logit model with a multinomial distribution clustered at the first hospital. The odds ratios can be interpreted as the odds of two 
transfer compared to one transfer (first column). (For example, in the unadjusted comparison, the odds of two or more transfers versus one transfer 
is 3.91 times greater for subjects undergoing procedure(s) at the second hospital compared to those that did not undergo a procedure at the second 
hospital.)
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Table 3.

Mortality, Cost, and Length of Stay for Double Transfer compared to Single Transfer

B 95%CI p-value B (adj)* 95%CI p-value

Mortality 1.11 0.86 – 1.44 0.408 1.23 0.95 – 1.61 0.155

Total Cost (USD2010) $8,840 (3,345 – 14,335) 0.002 $10,691 (5,737 – 15,646) <0.001

Log Total Cost
# 0.28 (0.20 – 0.37) <0.001 0.36 (0.30 – 0.42) <0.001

Total LOS 2.91 1.34 – 4.479 <0.001 2.86 1.37 – 4.35 0.001

Log Total LOS
# 1.27 1.16 – 1.39 <0.001 1.27 1.18 – 1.38 <0.001

*
Adjusted for: age (18-50, 51-69, 70-81, 82+), sex, year, rurality and medically underserved area (county level), source of infection, co-

morbidities(alcohol use disorder, deficiency anemia, blood loss anemia, congestive heart failure, depression, diabetes mellitus without 
complications, diabetes mellitus with complications, hypertension, liver disease, lymphoma, electrolyte disorders, metastatic cancer, other 
neurologic disorders, peripheral vascular disease, tumor without metastasis, and weight loss), inpatient-to-inpatient transfer, initial ED costs (log-
transformed), first hospital inpatient sepsis volume quintile, procedure at first hospital (y/n), and procedure at second hospital (y/n).

#
Coefficients are relative costs of twice-transfer compared to single transfer. For example, in the adjusted model, total costs of twice transferred 

patients are, on average, 1.43 greater than once transferred patients.
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