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Hospital Strain and Variation in 
Sepsis ICU Admission Practices 
and Associated Outcomes
OBJECTIVES: To understand how strain-process-outcome relationships in 
patients with sepsis may vary among hospitals.

DESIGN: Retrospective cohort study using a validated hospital capacity strain 
index as a within-hospital instrumental variable governing ICU versus ward admis-
sion, stratified by hospital.

SETTING: Twenty-seven U.S. hospitals from 2013 to 2018.

PATIENTS: High-acuity emergency department patients with sepsis who do not 
require life support therapies.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The mean predicted probability 
of ICU admission across strain deciles ranged from 4.9% (lowest ICU-utilizing 
hospital for sepsis without life support) to 61.2% (highest ICU-utilizing hospital 
for sepsis without life support). The difference in the predicted probabilities of 
ICU admission between the lowest and highest strain deciles ranged from 9.0% 
(least strain-sensitive hospital) to 45.2% (most strain-sensitive hospital). In pooled 
analyses, emergency department patients with sepsis (n = 90,150) experienced 
a 1.3-day longer median hospital length of stay (LOS) if admitted initially to the 
ICU compared with the ward, but across the 27 study hospitals (n = 517-6,564), 
this effect varied from 9.0 days shorter (95% CI, –10.8 to –7.2; p < 0.001) to 
19.0 days longer (95% CI, 16.7–21.3; p < 0.001). Corresponding ranges for 
inhospital mortality with ICU compared with ward admission revealed odds ratios 
(ORs) from 0.16 (95% CI, 0.03–0.99; p = 0.04) to 4.62 (95% CI, 1.16–18.22; 
p = 0.02) among patients with sepsis (pooled OR = 1.48).

CONCLUSIONS: There is significant among-hospital variation in ICU admission 
rates for patients with sepsis not requiring life support therapies, how sensitive 
those ICU admission decisions are to hospital capacity strain, and the association 
of ICU admission with hospital LOS and hospital mortality. Hospital-level hetero-
geneity should be considered alongside patient-level heterogeneity in critical and 
acute care study design and interpretation.

KEYWORDS: hospital strain; hospital variation; intensive care unit; processes 
of care; sepsis

Recent evidence suggests that many patients with sepsis have discretionary 
hospital admission patterns such that they may be admitted to ICUs or 
wards depending on hospital strain (1, 2). Among these patients—of 

high acuity but who do not require life support therapies—admission to ICUs 
may confer longer length of stay (LOS) and higher mortality on average (3). 
However, because hospitals are known to vary significantly in many processes 
or outcomes of care (4), these overall effects may not be useful for guiding in-
dividual hospitals on how to improve their triage of patients with sepsis. We, 
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therefore, sought to understand among-hospital varia-
tion in ICU admission rates, how sensitive those ICU 
admission decisions are to hospital capacity strain, and 
the association of ICU admission with clinical out-
comes among high-acuity patients with sepsis who do 
not require life support therapies.

MATERIALS AND METHODS

Details about the construction of this sepsis cohort 
using data from 27 hospitals across Penn Medicine and 
Kaiser Permanente Northern California have been re-
ported previously (1, 3). For this analysis, we studied 
patients who: met criteria for sepsis in the emer-
gency department (ED), based on an adaptation of 
the Sepsis-3 consensus definition (5, 6) (Sepsis-related 
Organ Failure Assessment [SOFA] score or quick 
SOFA score ≥ 2; serum lactate ≥ 4 mmol/L; oxygen sat-
uration [Spo2] ≤ 85%; or receipt of a Fio2 ≥ 60% or 
noninvasive ventilation [1, 3]); had high acuity based 
on a Laboratory-based Acute Physiology Score v2 
(LAPS2) (7, 8) greater than or equal to 100 (previously 
validated as a cutoff below which patients are rarely 
admitted to the ICU (1) and above which inhospital 
mortality increases notably (3)); and were admitted to 
a medical or medical-surgical ward, step-down unit, or 
ICU. We excluded patients who required mechanical 
ventilation or vasopressors in the ED or who had a care 

limitation beyond a simple do-not-resuscitate/do-no-
intubate order at admission. Patients requiring other 
organ support therapies, such as dialysis, were eligible 
for inclusion.

We have previously reported on the development, 
validation, and deployment of a novel composite hos-
pital capacity strain index as a within-hospital in-
strumental variable governing ICU admission for 
this sepsis cohort (1, 3). This hospital-specific strain 
index, derived from 22 strain metrics standardized to 
bed capacity, fulfills the required instrumental vari-
able assumptions in this patient population in that it 
is: 1) highly associated with the exposure of interest 
(i.e., ICU vs ward admission), 2) not associated with 
the outcomes of interest (i.e., hospital LOS and hos-
pital mortality specifically in this sepsis cohort), except 
via the exposure of interest, and 3) not meaningfully 
associated with other confounders in the exposure-
outcome relationship (1).

For this study, we first conducted a retrospective 
cohort analysis using multivariable logistic regression 
to assess the association of hospital strain and ICU 
(vs ward) admission, adjusted for age, gender, race, 
ethnicity, insurance status, LAPS2, and Comorbidity 
Point Score v2 (9), and stratified by hospital. We next 
conducted second retrospective cohort analyses using 
two-stage instrumental variable quantile regression 
and residual inclusion regression similarly adjusted 
and stratified by hospital to assess the association 
between ICU admission and hospital LOS and hos-
pital mortality, respectively (3, 4, 10–14). For the LOS 
outcome, death was ranked as equivalent to the 99th 
percentile of hospital LOS in the cohort by hospital 
(13–16).

Using the results from a previously described and 
published survey of study hospital characteristics (4), 
we then assessed the correlation between individual 
hospital characteristics and four hospital-level out-
comes: mean predicted probability of ICU admission 
across hospital strain deciles (i.e., ICU utilization), 
the range of predicated probability of ICU admis-
sion between the lowest and highest hospital strain 
deciles (i.e., strain sensitivity), change in hospital LOS 
with ICU admission, and odds ratio (OR) of hospital 
mortality with ICU admission. Continuous variables 
were assessed by Pearson correlation coefficient (R), 
and categorical and binary variables were assessed by 
analysis of variance (F). Finally, we used the hospital 
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KEY POINTS

Question: Among high-acuity patients with 
sepsis, is there variation between hospitals in the 
association between ICU admission, compared 
with ward admission, and clinical outcomes?

Findings: In this retrospective cohort study, emer-
gency department patients with sepsis experi-
enced a 1.3-day longer median hospital length of 
stay if admitted initially to the ICU compared with 
the ward, but across hospitals, this effect varied 
from 9 days shorter to 19 days longer.

Meaning: More research is needed to identify 
hospital-level care processes that are most im-
pactful on triage and outcomes, and hospital-level 
differences should be taken into account when 
designing and interpreting acute care studies.
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variables found to have univariate correlations with 
the outcomes of interest (based on p < 0.05) to con-
struct multivariable linear regression models to assess 
the association between hospital characteristics and 
the above hospital-level outcomes of interest.

The study protocol was reviewed and approved with a 
waiver of informed consent by the Institutional Review 
Boards of Kaiser Permanente Northern California 
(Protocol CN-16-2816, “Assessing the Needs and Net 
Benefits of Critical Care,” approved January 09, 2017) 
and the University of Pennsylvania (Protocol 827541, 
“Benefits of ICU Admission for Patients With Acute 
Respiratory Failure or Sepsis: A Mixed-Methods Study 
Across 26 Hospitals,” approved May 24, 2017). The 
procedures followed were in accordance with the eth-
ical standards of the Institutional Review Boards and 
with the Helsinki Declaration of 1975.

RESULTS

Patient characteristics for this sepsis cohort have been 
reported previously (1, 3). 
In summary, among 90,150 
patients with sepsis, mean 
age was 73.6 years, 12.4% 
were of Black race, 79.5% 
were admitted directly to 
a ward or step-down unit, 
observed median hospital 
LOS was 3.9 days (inter-
quartile range, 2.4–6.7 d), 
and observed hospital mor-
tality was 17.2%.

Hospitals (n = 27) varied 
in the proportion of sepsis 
patients they admitted to 
the ICU and in the strength 
of the association between 
hospital strain and ICU 
admission. The mean pre-
dicted probability of ICU 
admission across strain 
deciles ranged from 4.9% 
(lowest ICU-utilizing hos-
pital) to 61.2% (highest 
ICU-utilizing hospital). 
The difference in the pre-
dicted probabilities of ICU 

admission between the lowest and highest strain 
deciles ranged from 9.0% (least strain-sensitive hos-
pital) to 45.2% (most strain-sensitive hospital). ICU 
utilization and strain sensitivity were moderately posi-
tively correlated (Spearman ρ = 0.68, p = 0.0001), such 
that higher overall ICU-utilizing hospitals are likely to 
have a wider range of utilization across the spectrum 
of strain.

In prior published pooled analyses, this cohort of 
ED patients with sepsis experienced a 1.3-day longer 
median hospital LOS if admitted initially to the ICU 
compared with the ward (3), but in the new present 
analyses, across the 27 study hospitals (n = 517-6,564). 
this effect varied from 9.0 days shorter (95% CI, –10.8 
to –7.2; p < 0.001) to 19.0 days longer (95% CI, 16.7–
21.3; p < 0.001) (Fig. 1). Corresponding ranges for 
inhospital mortality revealed ORs from 0.16 (95% CI, 
0.03–0.99; p = 0.04) to 4.62 (95% CI, 1.16–18.22; p = 
0.02) among patients with sepsis (pooled OR 1.48 [3]) 
who were admitted to the ICU as compared with those 
admitted to the ward (Fig. 2).
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Figure 1. Among-hospital variation in the association between ICU admission and hospital length 
of stay in patients with sepsis. In pooled analyses, emergency department patients with sepsis (n = 
90,150) experienced a 1.3-d longer median hospital length of stay (LOS) if admitted initially to the 
ICU compared with the ward, but across the 27 study hospitals (n = 517–6,564), this effect varied 
from 9.0 d shorter (95% CI, –10.8 to –7.2; p < 0.001) to 19.0 d longer (95% CI, 16.7–21.3; p < 
0.001). Hospitals are ranked on the y-axis by their change in hospital LOS point estimate. Vertical 
black line displays no change in LOS, and vertical red line displays the pooled point estimate of 1.3 d. 
Horizontal black bars represent 95% CIs.
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Among hospital characteristics, maximum ED pa-
tient capacity (R = –0.43; p = 0.03) and daytime ICU 
staffing model (F = 6.61; p = 0.01) were correlated with 
the range of predicated probability of ICU admission 
between the lowest and highest hospital strain deciles 
(i.e., strain sensitivity), and nighttime primarily re-
sponsible clinician for ED disposition decisions was 
correlated with the OR of hospital mortality with ICU 
admission (F = 3.67; p = 0.03). No other hospital char-
acteristic-outcome pairings had statistically significant 
correlations, including with hospital LOS.

We then constructed two multivariable linear re-
gression models: No hospital characteristics were asso-
ciated with the range of predicated probability of ICU 
admission across strain deciles (i.e., strain sensitivity). 
The nighttime primarily responsible clinician for ED 
disposition decisions being a hospitalist (β = –3.53;  
p = 0.02) or a combination of clinicians (i.e., among 
hospital medicine, ICU, and ED physicians) (β = –4.41; 
p = 0.01), compared with the ED physician alone, was 
associated with a reduced OR of hospital mortality 

with ICU admission; there 
was no mortality difference 
if the triaging clinician was 
the ICU physician alone.

DISCUSSION

This study used a stratified 
hospital-level analysis of a 
retrospective cohort study 
and a paired hospital char-
acteristic survey to shed 
new light on among-hos-
pital differences in critical 
care practices and outcomes 
for high-acuity patients 
with sepsis who do not re-
quire life support therapies. 
The key findings of these 
analyses are that for high-
acuity patients with sepsis 
not requiring life support 
therapies: 1) there is signif-
icant among-hospital varia-
tion in ICU admission rates 
and in how sensitive those 
ICU admission decisions 
are to hospital capacity 

strain and 2) there is significant among-hospital varia-
tion in the association of ICU admission with hospital 
LOS and hospital mortality.

Although the interpretation of the prior reported 
pooled result would suggest that more high-acuity 
patients with sepsis may be admitted to the ward with 
the same or improved outcomes (3), the results of this 
study reveal a more complex relationship between 
ICU admission and outcomes that varies on the hos-
pital level, similar to that found in partner analyses of 
a related acute respiratory failure cohort (4). Variation 
among hospitals across these domains—how ICUs and 
wards are utilized, how that utilization changes in re-
lation to strain, and the risk or benefit gleaned from 
ICU relative to ward admission—suggests most funda-
mentally that critical care (and/or ward care) is heter-
ogeneous in both use and impact. This theorized and 
now further documented phenomenon has implica-
tions for interpreting pooled analyses of prospective 
or observational studies of clinical and organizational 
interventions across the inpatient setting. This is true 
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Figure 2. Among-hospital variation in the association between ICU admission and hospital 
mortality in patients with sepsis. In pooled analyses, emergency department (ED) patients with 
sepsis experienced an odds ratio (OR) of 1.48 for inhospital mortality if admitted initially to the 
ICU compared with the ward, but across the 27 study hospitals, this effect varied from OR 0.16 
(95% CI, 0.03–0.99; p = 0.04) to 4.62 (95% CI, 1.16–18.22; p = 0.02). Hospitals are ranked on 
the y-axis by their inhospital morality OR point estimate. Vertical black line displays no change in 
mortality (OR = 1), and vertical red line displays the pooled point estimate of OR = 1.48. Horizontal 
black bars represent 95% CIs. *Upper bound beyond figure range.
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for our prior work in the present sepsis population as 
above and, more broadly, has been a growing focus on 
the greater critical care literature dominated by null 
interventional studies among heterogeneous, mul-
tihospital cohorts. There is notable commentary on 
potentially missing efficacious interventions due to 
heterogeneity of treatment effects based on patient-
level clinical heterogeneity (17). Our study suggests 
that a similar phenomenon may be occurring due to 
hospital-level heterogeneity. Our interventions, clin-
ical or organizational, that aim to move the outcomes 
needle and the studies that evaluate them may, there-
fore, need to be carried out in a more nuanced way that 
takes into account both hospital-level and patient-level 
heterogeneities.

In hypothesis-generating analyses, we found that 
hospital medicine leadership or input on the nighttime 
ED disposition decisions to ICU versus ward was as-
sociated with reduced hospital mortality with ICU ad-
mission. That might suggest that hospitalists provide 
added insight, compared with ED and ICU physicians, 
into more optimal ICU versus ward sepsis patient selec-
tion that better aligns patients with an appropriate level 
of care. It is plausible that among patients likely or po-
tentially admitted to ICUs (i.e., above a certain acuity 
threshold and not almost always admitted to wards), 
those with relatively lower acuity might be most suscep-
tible to a net risk from ICU admission. This may occur 
because such patients are exposed to ICU-specific po-
tentially harm-inducing phenomena (such as aggressive 
care and procedures [18], reduced sleep quality [19, 20], 
and reduced mobility and strength [21]) and at the same 
time have less to gain from that aggressive care based on 
their comparatively lower acuity. The potentially appro-
priate preferential triage of these patients to ward-level 
care may be best facilitated by involvement or leadership 
by hospitalists, which would, in turn, reduce the meas-
ured higher hospital mortality with ICU admission, the 
above observed finding.

Overall, only a small number of the hospital char-
acteristics measured in our survey were correlated or 
associated with process and clinical outcomes. This 
all likely suggests that more nuanced qualitative and 
quantitative methods are required to identify aspects 
of the ED-ward-ICU hospital organizational structure 
that are most impactful on triage and outcomes, before 
the results of this, and related preceding studies should 
routinely guide clinical decisions.

The results of this study should be interpreted with 
known limitations. First, hospital-level stratified anal-
yses of original larger pooled analyses have smaller size 
and wider CIs. Second, instrumental variable analy-
ses have notable limitations in comparison with pro-
spective randomization: if the instrumental variable 
compliers—patients whose ED disposition decision 
differed as a result of hospital strain—were different 
across hospitals, the comparison of among-hospital 
instrumental variable results may be of different types 
of patients and of less utility. A total of 26,404 (29.3%) 
patients also had acute respiratory failure and were in-
cluded in a previously published partner study (3, 4). 
Although similar among-hospital variation was found 
in both cohorts, the pooled treatment effect estimates 
and the range of hospital-stratified treatment effect 
estimates remain divergent between the two patient 
groups despite partial cohort overlap. Because the 
results of these instrumental variable analyses only 
apply to instrumental variable compliers, the least 
strain-sensitive hospitals would have the fewest such 
applicable patients. The nuanced role of prolonged 
care in the ED during periods of high hospital capacity 
strain is not fully treated in this report, but in the pre-
ceding pooled analysis, adjustment for ED LOS only 
attenuated a still-significant hospital LOS outcome 
and did not alter the hospital mortality results (3). 
Although the strain index inputs are standardized to 
local bed capacity, the ratio of ICU-to-ward beds is not 
included and may be influential.

In conclusion, there is significant among-hospi-
tal variation in ICU admission rates for high-acuity 
patients with sepsis not requiring life support thera-
pies, how sensitive those ICU admission decisions are 
to hospital capacity strain, and the association of ICU 
admission with hospital LOS and hospital mortality. 
More nuanced qualitative and quantitative data are 
needed to better identify aspects of the ED-ward-ICU 
hospital organizational structure that are most im-
pactful on triage and outcomes, and critical care and 
acute care study design should take into account both 
patient-level and hospital-level heterogeneities.

ACKNOWLEDGMENTS

The authors wish to thank Julia E. Szymczak PhD and 
Lindsay W. Glassman PhD (formerly of Department 
of Biostatistics, Epidemiology, and Informatics, 

Critical Care Explorations www.ccejournal.org     5



Anesi et al

University of Pennsylvania Perelman School of 
Medicine, Philadelphia, PA, USA), and Jonathan Z. 
Weiner MD and Gabriel J. Escobar MD (formerly of 
Division of Research, Kaiser Permanente, Oakland, 
California, USA) for their additional collaboration.

 1  Division of Pulmonary, Allergy, and Critical Care, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA.

 2  Palliative and Advanced Illness Research (PAIR) Center, 
University of Pennsylvania Perelman School of Medicine, 
Philadelphia, PA.

 3  Department of Statistics, The Wharton School, University of 
Pennsylvania, Philadelphia, PA.

 4  Center for Emergency Care Policy and Research, Department 
of Emergency Medicine, University of Pennsylvania Perelman 
School of Medicine, Philadelphia, PA.

 5  Division of Research, Kaiser Permanente, Oakland, CA.

Drs. Anesi, Dress, Small, Delgado, Bayes, Halpern, and Liu 
helped in conception and design of study. Drs. Anesi, Dress, 
Chowdhury, Bayes, Barreda, and Liu helped in data acquisi-
tion. Drs. Anesi, Dress, Wang, Small, Delgado, Bayes, Barreda, 
Halpern, and Liu contributed to analysis and data interpreta-
tion. Drs. Anesi, Dress, Wang, Small, Delgado, Bayes, Barreda, 
Halpern, and Liu helped in drafting and revision of the article.

Supported, in part, by the National Institutes of Health 
R01HL136719 (to Dr. Halpern), K24HL143289 (to Dr. Halpern), 
R35GM128672 (to Dr. Liu), and K23HL161353 (to Dr. Anesi). 
Funders had no role in the study design, execution, results inter-
pretation, article writing, or decision to submit for publication. Dr. 
Anesi reports payments for authoring chapters for UpToDate and 
for expert witness consulting.

Abstracts of this work were presented at the Society of Critical 
Care Medicine Critical Care Congress and the American 
Thoracic Society International Conference.

The authors have disclosed that they do not have any potential 
conflicts of interest.

For information regarding this article, E-mail: george.anesi@pen-
nmedicine.upenn.edu

REFERENCES
 1. Anesi GL, Chowdhury M, Small DS, et al: Association of a 

novel index of hospital capacity strain with admission to inten-
sive care units. Ann Am Thorac Soc 2020; 17:1440–1447

 2. Anesi GL, Liu VX, Gabler NB, et al: Associations of intensive 
care unit capacity strain with disposition and outcomes of 
patients with sepsis presenting to the emergency department. 
Ann Am Thorac Soc 2018; 15:1328–1335

 3. Anesi GL, Liu VX, Chowdhury M, et al: Association of ICU ad-
mission and outcomes in sepsis and acute respiratory failure. 
Am J Respir Crit Care Med 2022; 205:520–528

 4. Anesi GL, Dress E, Chowdhury M, et al: Among-hospital var-
iation in ICU admission practices and associated outcomes 

for patients with acute respiratory failure. Ann Am Thorac Soc. 
2022 Jul 27. [online ahead of print]

 5. Seymour CW, Liu VX, Iwashyna TJ, et al: Assessment of clin-
ical criteria for sepsis: For the Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 
2016; 315:762–774

 6. Shankar-Hari M, Phillips GS, Levy ML, et al: Developing a 
new definition and assessing new clinical criteria for septic 
shock: For the Third International Consensus Definitions 
for Sepsis and Septic Shock (Sepsis-3). JAMA 2016; 
315:775–787

 7. Escobar GJ, Gardner MN, Greene JD, et al: Risk-adjusting 
hospital mortality using a comprehensive electronic record in 
an integrated health care delivery system. Med Care 2013; 
51:446–453

 8. Escobar GJ, Greene JD, Scheirer P, et al: Risk-adjusting hos-
pital inpatient mortality using automated inpatient, outpatient, 
and laboratory databases. Med Care 2008; 46:232–239

 9. Liu V, Kipnis P, Gould MK, et al: Length of stay predictions: 
Improvements through the use of automated laboratory and 
comorbidity variables. Med Care 2010; 48:739–744

 10. Chernozhukov V, Hansen C: Instrumental variable quantile re-
gression: A robust inference approach. J Econometrics 2008; 
142:379–398

 11. He X: Quantile curves without crossing. Am Stat 1997; 
51:186–192

 12. Kwak DW: User-Generated Stata Package: Ivqreg. 2021. 
Available at: https://sites.google.com/site/dwkwak/dataset-
and-code. Accessed October 3, 2022

 13. Lin W, Halpern SD, Prasad Kerlin M, et al: A “placement of 
death” approach for studies of treatment effects on ICU length 
of stay. Stat Methods Med Res 2017; 26:292–311

 14. Ranganathan P, Pramesh CS: Censoring in survival analysis: 
Potential for bias. Perspect Clin Res 2012; 3:40

 15. Harhay MO, Ratcliffe SJ, Halpern SD: Measurement error due 
to patient flow in estimates of intensive care unit length of 
stay. Am J Epidemiol 2017; 186:1389–1395

 16. Harhay MO, Ratcliffe SJ, Small DS, et al: Measuring and ana-
lyzing length of stay in critical care trials. Med Care 2019; 
57:e53–e59

 17. Iwashyna TJ, Burke JF, Sussman JB, et al: Implications of het-
erogeneity of treatment effect for reporting and analysis of 
randomized trials in critical care. Am J Respir Crit Care Med 
2015; 192:1045–1051

 18. Chang DW, Shapiro MF: Association between intensive care 
unit utilization during hospitalization and costs, use of in-
vasive procedures, and mortality. JAMA Intern Med 2016; 
176:1492–1499

 19. Bihari S, Doug McEvoy R, Matheson E, et al: Factors affecting 
sleep quality of patients in intensive care unit. J Clin Sleep Med 
2012; 8:301–307

 20. Naik RD, Gupta K, Soneja M, et al: Sleep quality and quantity 
in intensive care unit patients: A cross-sectional study. Indian J 
Crit Care Med 2018; 22:408–414

 21. Schweickert WD, Hall J: ICU-acquired weakness. Chest 2007; 
131:1541–1549

6     www.ccejournal.org February 2023 • Volume 5 • Number 2

mailto:george.anesi@pennmedicine.upenn.edu
mailto:george.anesi@pennmedicine.upenn.edu
https://sites.google.com/site/dwkwak/dataset-and-code
https://sites.google.com/site/dwkwak/dataset-and-code

