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Abstract

OBJECTIVES: To evaluate whether a nurse navigator-led, multicomponent Sepsis Transition 

And Recovery program improves 30-day mortality and readmission outcomes after sepsis 

hospitalization.

DESIGN: Multisite pragmatic randomized clinical trial.

SETTING: Three hospitals in North Carolina from January 2019 to March 2020.

PATIENTS: Eligible patients hospitalized for suspected sepsis and deemed high-risk for mortality 

or readmission by validated internal risk models.

INTERVENTIONS: Patients were randomized to receive usual care alone (i.e., routine transition 

support, outpatient care; n = 342) or additional Sepsis Transition And Recovery support (n = 349). 

The 30-day intervention involved a multicomponent transition service led by a nurse navigator 

through telephone and electronic health record communication to facilitate best practice postsepsis 
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care strategies during and after hospitalization including: postdischarge medication review, 

evaluation for new impairments or symptoms, monitoring comorbidities, and palliative care 

approach when appropriate. Clinical oversight was provided by a Hospital Medicine Transition 

Services team.

MEASUREMENTS AND MAIN RESULTS: The primary outcome was a composite of 

mortality or hospital readmission at 30 days. Logistic regression models were constructed 

to evaluate marginal and conditional odds ratios (adjusted for prognostic covariates: age, 

comorbidity, and organ dysfunction at enrollment). Among 691 randomized patients (mean age = 

63.7 ± 15.1 yr; 52% female), a lower percentage of patients in the Sepsis Transition And Recovery 

group experienced the primary outcome compared with the usual care group (28.7% vs 33.3%; 

risk difference, 4.7%; odds ratio, 0.80; 95% Cl, 0.58–1.11; adjusted odds ratio, 0.80; 95% Cl, 

0.64–0.98). There were 74 deaths (Sepsis Transition And Recovery: 33 [9.5%] vs usual care: 41 

[12.0%]) and 155 rehospitalizations (Sepsis Transition And Recovery: 71 [20.3%] vs usual care: 

84 [24.6%]).

CONCLUSIONS: In a multisite randomized clinical trial of patients hospitalized with sepsis, 

patients provided with a 30-day program using a nurse navigator to provide best practices for 

postsepsis care experienced a lower proportion of either mortality or rehospitalization within 30 

days after discharge. Further research is needed to understand the contextual factors associated 

with successful implementation.

Keywords

critical illness recovery; mortality; readmission; sepsis; survivorship

Sepsis is a common, life-threatening condition defined by organ dysfunction due to 

a dysregulated response to infection (1). Aggressive early sepsis identification and 

treatment initiatives have decreased hospital mortality for patients with sepsis over the 

last few decades (2). However, sepsis survivors face challenges after the acute illness 

episode, experiencing new functional, cognitive, and psychologic deficits, new or recurrent 

infections, exacerbation of chronic diseases, and high rates of hospital readmission and 

postdischarge mortality (3–5).

To address persistent morbidity and mortality for sepsis survivors, we developed the Sepsis 

Transition and Recovery (STAR) program, based on the widely adopted Chronic Care Model 

(6). The STAR program built on our evaluation of transition interventions in complex 

patients, which suggested benefit in the subgroup of patients with sepsis (7), with the 

following modifications: 1) the program elements specifically addressed best practices 

for postsepsis care (3) and 2) the program was delivered through a remote navigator to 

alleviate the challenges of low adherence to in-person follow-up. The navigator provides 

disease education, helps patients overcome medical system barriers to recommended care, 

and bridges gaps in service that can serve as points of failure for sepsis patients. The 

STAR program specifically targets delivery of best practice postsepsis care including: 1) 

medication optimization, 2) screening for new impairments, 3) anticipation and mitigation of 

risk of health deterioration, and 4) palliative care when appropriate (3). Receipt of these care 

elements is associated with reduced postdischarge mortality and rehospitalization (8).
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The Improving Morbidity during Post-Acute Care Transitions for Sepsis (IMPACTS) trial 

tests the hypothesis that implementation of the STAR program reduces 30-day readmission 

and mortality rates for high-risk patients with suspected sepsis compared with usual care 

(UC) alone.

METHODS

The Atrium Health Institutional Review Board (IRB) approved this study (IRB No. 01–

19-24E) with waiver of informed consent as the intervention is considered within the range 

of standard practice and study data are limited to those routinely collected in usual clinical 

practice. Detailed study methods are described elsewhere (9). The study protocol is available 

in Appendix 1 (http://links.lww.com/CCM/G815).

Study Design and Setting

IMPACTS was a two-arm parallel-group pragmatic randomized clinical trial comparing UC 

alone versus UC plus transition support from the STAR program. The study occurred at 

three hospitals in North Carolina. Enrollment began January 2019 and ended in March 2020, 

with follow-up completed in May 2020.

The target population was patients hospitalized for suspected sepsis at high risk for 30-day 

mortality or readmission. Patients were eligible if they were admitted to a participating 

hospital from the emergency department (ED) and met the following inclusion criteria: 1) 

greater than or equal to 18 years old; 2) antibiotic or bacterial culture order within 24 hours 

of ED arrival and either a) culture drawn first and antibiotics ordered within 48 hours or 

b) antibiotics ordered first and culture ordered within 48 hours; 3) remaining hospitalized 

at the time a daily list of eligible patients was generated each weekday morning; and 4) 

deemed high risk for either 30-day readmission or mortality, defined as a readmission risk 

probability greater than or equal to 20% or mortality risk probability greater than or equal to 

10%.

Patients were excluded if they transferred from other acute care hospitals; had code status 

documented as “do not resuscitate” or “do not intubate” within 24 hours after admission 

(due to possible limitations on aggressive treatment); resided more than 2.5 hours drive time 

from the treating hospital (to be eligible for Transition Services if care escalation required); 

or were previously randomized to either treatment arm.

Detailed information about readmission and mortality risk models is provided in Table S1 

(http://links.lww.com/CCM/G816). Broadly, risk models included clinical and administrative 

data selected based on their association with postsepsis outcomes and conceptual models 

of postsepsis pathophysiology. Model covariates were sourced from routine clinical data 

captured during hospitalization and billing history at the time of hospital admission 

to produce a near-real-time score that identifies risk for 30-day hospital readmission 

or mortality. Risk models were locally developed and tested on data from the three 

participating hospitals. In validation studies conducted prior to trial enrollment, the 30-

day mortality risk model demonstrated an area under the receiver operating characteristic 
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curve (AUC) of 0.85 and negative predictive value (NPV) of 0.97. The 30-day hospital 

readmission model demonstrated AUC of 0.70 and NPV of 0.89.

Figure S1 (http://links.lww.com/CCM/G816) depicts the identification and enrollment of 

eligible trial patients. The electronic health record (EHR)-based algorithm ran each morning 

and automatically generated lists of eligible, high-risk patients admitted over the prior 72 

hours. Eligible patients were then randomly allocated 1:1 to receive UC or the STAR 

program using a computer-based randomization tool and maximally tolerated imbalance 

procedure with up to 10% allowable deviation to maintain similar comparison group 

sizes while limiting predictability of future treatment assignments. The total daily number 

of patients randomized was constrained to maintain a feasible caseload over the study 

duration, approximately 5–10 new patients per week per navigator. We randomized up to 

six consecutively identified patients each weekday, enumerated by time of ED presentation. 

The randomization constraint was reevaluated biweekly and adjusted as needed to match the 

STAR navigators capacity (approximately 50 concurrent patients).

Study Group Descriptions

Intervention Group.—The STAR program was developed by a multidisciplinary 

stakeholder group including clinicians, researchers, and operational leaders at Atrium 

Health. The intervention was designed to facilitate the delivery of best practice care for 

sepsis survivors including: 1) identification and treatment of new physical, mental, and 

cognitive deficits; 2) review and adjustment of medications; 3) surveillance of treatable 

conditions that commonly lead to poor outcomes, including chronic conditions that may 

destabilize during sepsis and recovery; and 4) focus on care alignment, including palliative 

care when appropriate (3).

The intervention delivery was led by a centrally located sepsis nurse navigator (i.e., a 

registered nurse with special focus on supporting sepsis survivors; described previously) 

(10). The primary roles of the STAR navigator were to promote care planning and self-

management, proactive follow-up, and patient, provider, and community engagement during 

care transitions after sepsis. The STAR navigator began providing support during the 

hospital stay and continued after discharge, at close, regular intervals through 30 days after 

discharge. Protocols guided care escalation under the direction of the Hospital Medicine 

Transition Services team physician, who reviewed cases with the navigator weekly and was 

available on an as-needed basis. Detailed descriptions of STAR intervention activities are 

shown in Table S2 (http://links.lww.com/CCM/G816).

Comparison Group.—Participants in the comparison group received usual transitional 

and outpatient care. This was not prescribed but could include patient education and 

follow-up instructions at discharge, routine recommendations for follow-up visits with 

primary care providers, arrangements for home health services, transitional care, or 

care management. Intervention characteristics are reported according to the template for 

intervention description and replication checklist in Table S3 (http://links.lww.com/CCM/

G816) (11).
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Data Collection

All clinical and outcomes data (Table S4, http://links.lww.com/CCM/G816) were collected 

directly from the EHR and Enterprise Data Warehouse. Baseline variables included 

physiologic measurements (e.g., mean arterial pressure), laboratory values (complete 

blood count, basic/comprehensive metabolic panel, lactate), basic sociodemographic 

characteristics (e.g., age, gender, race), past medical history (e.g., comorbidities, prior 

healthcare use, medication history), and care delivered during the index hospitalization 

(e.g., intensive care, mechanical ventilation). Charlson Comorbidity Index (CCI) scores 

at enrollment were calculated from diagnoses during the prior 12 months. The navigator 

documented completion of STAR workflow processes in the patients EHR through 

the ambulatory care management electronic documentation form, which also captured 

information on symptoms, background, assessment, and STAR recommendations. EHR data 

were exported into a secure, research database (Research Electronic Data Capture) (12).

Outcomes

The study’s prespecified primary outcome was a composite, dichotomous endpoint of all-

cause mortality or hospital readmission assessed 30 days postindex hospital discharge. Death 

dates were determined using EHR data along with linked national death records integrated 

monthly into the Enterprise Data Warehouse. Hospital réadmissions included any inpatient 

or observation encounter to any of 47 Atrium Health hospitals.

Prespecified secondary outcomes assessed 30 days after hospital discharge included the 

proportion of patients who experienced: all-cause mortality; all-cause hospital readmission; 

and cause-specific hospital readmissions related to infection, chronic lung disease, heart 

failure, or acute renal failure. The count of ED encounters and the number of acute 

care-free days alive were also analyzed during the interval from hospital discharge to 

day 30. Intervention implementation was tracked as the proportion of patients engaging 

with the navigator at least once after discharge. Process measures were tracked in both 

groups, including: inpatient physical therapy consult; mental health assessment by Patient 

Health Questionnaire (PHQ)-2 or PHQ-9 (13,14); out-patient referrals to physical therapy, 

speech therapy, and behavioral health; outpatient follow-up visit within 10 days; and 

documented medication reconciliation in the EHR during the 30 days postdischarge. We 

also measured place of death (i.e., hospital or other location), the proportion of patients who 

received palliative care consult, had documentation of end-of-life care preferences, or were 

discharged to hospice.

Statistical Analyses

Baseline variables were described using mean values and SDS for continuous measures 

and proportions for categorical measures. Primary analyses were conducted under an 

intention-to-treat approach. To test the STAR treatment effect on the proportion of patients 

who experienced the composite mortality or hospital readmission event, logistic regression 

models were constructed with an indicator for treatment assignment. Conditional odds 

ratios (ORs) with 95% CIs were calculated to measure patient-level effects adjusting for 

prespecified prerandomization covariates known to be associated with the primary outcome: 

age, comorbidity burden (CCI score), and organ dysfunction at enrollment (15). Analyses 
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of secondary outcome measures involved a similar approach. Given variation in known 

risk factors across the eligible study population, we evaluated heterogeneity of treatment 

effect by risk-based (16) (i.e., predicted 30-d mortality probability quartile) and traditional 

subgroups (i.e., by age, comorbidity burden, acute illness severity).

Sensitivity analyses were conducted in a modified intention-to-treat population who survived 

the index hospitalization. Per-protocol analyses were performed among patients who were 

discharged alive and not under hospice care, only including patients in the STAR group if 

they received transition follow-up through the program and only including patients in UC 

if they were not enrolled into an alternative care transitions program at discharge. Analyses 

were completed using SAS Enterprise Guide v7.1 (SAS Institute, Cary, NC). All statistical 

tests were two-sided with p value of less than 0.05 considered for statistical significance.

Statistical Power and Sample Size

Sample size was calculated to detect a 25% relative reduction in the composite rate of 30-

day readmission and mortality, based on prior literature suggesting that approximately 2% 

of deaths and between 22% and 42% of hospital readmissions after sepsis are preventable. 

Based on historical data from the study sites, the control group was estimated to have a 

40% combined readmission and mortality rate. To achieve at least 80% power (α = 0.05, 

two-sided), the estimated sample size included 354 patients per group.

RESULTS

Of 2,630 patients screened for participation, 1,700 met eligibility criteria and 712 

were randomized within program resource constraints (Fig. 1; and Table S6, http://

links.lww.com/CCM/G816). Of the randomized patients, 14 patients in UC and seven 

patients in STAR were excluded because a diagnosis of infection was ruled out before 

discharge. Among the remaining 691 patients (349 in STAR, 342 in UC), the mean age 

was 63.7 years (SD = 15.1 yr), 52% were female, and 65% were White. At baseline, 92% 

met the Sepsis-3 definition of suspected infection plus at least one organ failure (17), and 

patients in the intervention and UC groups had similar characteristics (Table 1) and predicted 

readmission and mortality probabilities (Figs. S2 and S3, http://links.lww.com/CCM/G816).

Hospital Readmission and Mortality

Fewer patients in the STAR group experienced the composite primary outcome within 30 

days postdischarge compared with UC (28.7% vs 33.3%; risk difference, −4.7%; unadjusted 

OR, 0.80; 95% Cl, 0.58–1.11; adjusted OR, 0.80; 95% Cl, 0.64–0.98; Table 2). There were 

74 deaths (STAR 33 [9.5%] vs UC: 41 [12.0%]) and 155 rehospitaüzations (STAR 71 

[20.3%] vs UC: 84 [24.6%]) (Fig. S4, http://links.lww.com/CCM/G816)

Risk-based variation in treatment effect is shown in Table 3. Combining patients in 30-day 

mortality risk quartiles 1–3 (predicted probability < 39%), 30-day mortality or readmission 

occurred in 62 patients (23.7%) in the STAR group versus 84 (32.8%) in UC (risk 

difference, −9.2%; 95% Cl, −16.9 to −1.4). In the top risk quartile (predicted probability 

≥ 39%), 30-day mortality or readmission occurred in 38 patients (43.4%) in the STAR group 
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versus 30 (34.9%) in UC (risk difference, 8.8; 95% Cl, −5.7 to 23.3). Additional risk-based 

variation in outcome components is shown in Table S5 (http://links.lww.com/CCM/G816).

There were no significant differences in intervention effects on the primary outcome 

between groups defined by age, comorbidity burden, or sepsis severity (Fig. S5, 

http://links.lww.com/CCM/G816). In sensitivity intention-to-treat population who survived 

hospitalization and per-protocol analysis population who complied with treatment 

assignment (Tables S6–S9, http://links.lww.com/CCM/G816).

Secondary Outcomes

The number of days alive and outside the hospital (Figs. S6–S8, http://links.lww.com/CCM/

G816), proportion with cause-specific rehospitalization, and count of ED visits (Fig. S9, 

http://links.lww.com/CCM/G816) did not significantly differ between STAR and UC groups 

(Table S10, http://links.lww.com/CCM/G816).

In an exploratory evaluation among patients who survived to index discharge but died during 

the intervention period (n = 43), fewer patients in the STAR group had an inhospital death 

compared with patients in UC (12% vs 31%; Table 4).

Postsepsis Care Delivery

Navigators engaged patients a median of 15 times over the study period for a total of 170 

minutes (Table S7, http://links.lww.com/CCM/G816). Table 4 compares process measures 

between STAR and UC groups. More patients in the STAR group had outpatient follow-up 

within 10 days of the index sepsis discharge compared with the UC group (39% vs 31%).

Additionally, during 30 days following index hospital discharge, more patients in the STAR 

group had documented medication reconciliation (76% vs 50%), depression screening (55% 

vs 10%), and outpatient speech therapy (8% vs 4%) compared with UC. For processes of 

care related to goal-concordant care, more patients in the STAR group than in the UC group 

had a care alignment tool documented in the EHR (42% vs 23%) and a palliative care 

consult during follow-up (20% vs 17%).

DISCUSSION

In a multisite randomized pragmatic trial of high-risk patients hospitalized with sepsis, 

a STAR program reduced the proportion of patients who experienced either mortality or 

rehospitalization within 30 days after discharge. Consistent with Consolidated Standards 

of Reporting Trials (CONSORT) guidelines (18), we report both unadjusted and adjusted 

analyses, and interpreting the statistical significance of the results requires consideration of 

whether unadjusted or adjusted effects are most relevant in this study Trial methodology 

experts recommend using multivariable models to adjust for prognostic baseline covariates 

in a randomized trial, even if groups are generally balanced, due to benefits including 

improved precision of the effect estimate and transportability of findings to populations with 

different covariate distributions (19–21). Within this context and considering the observed 

risk-based heterogeneity, we believe the ORs adjusted for prognostic covariates provide the 

most meaningful estimates of the intervention effect in this study. The effect direction and 
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magnitude of both unadjusted and adjusted findings in the current trial have encouraging 

implications for the advancement of postsepsis care, a key priority in addressing the 

worldwide burden of sepsis (22), for which little is currently known.

The STAR program was developed with a multidisciplinary stakeholder group of clinicians 

and healthcare leaders with a focus on delivering evidence-based postsepsis practices 

through a high-value platform integrated with existing care resources (i.e., patients’ primary 

care providers, Hospital Medicine Transition Services). The STAR program is an example 

of a complex intervention that addresses contextual issues and supports patients’ capacity 

for self-care—a strategy shown to be effective in reducing adverse outcomes during care 

transitions (23). Additionally, the STAR program extends evidence demonstrating the 

effectiveness of nurse navigators to facilitate delivery of recommended care for complex 

patients (24–26) and incorporates lessons learned from prior evaluations of postdischarge 

care after serious illness to increase intervention reach and limit attrition (7, 27, 28).

Our analysis of risk-based variation in treatment effect suggests that patients in the highest 

quartile of mortality and readmission risk derive no mortality or readmission benefit 

from the STAR intervention. This is consistent with current thinking that endpoints like 

mortality or rehospitalization may not be avoidable or even undesirable among patients with 

serious illness and deteriorating health status (29–31). Instead, comfort- or function-oriented 

outcomes may be more relevant (32). Given the high rates of morbidity and mortality 

after sepsis, early integration of goals of care discussions into clinical care is important, 

particularly for patients with deteriorating health prior to sepsis (3). Timely discussion about 

care preferences enables delivery of goal-concordant care, improves patient and caregiver 

satisfaction, and may reduce undesired, high-intensity healthcare interventions (33–36). Our 

findings related to goal-concordant care indicate that STAR may have benefits in aligning 

care with patients’ goals, including increased EHR documentation of care goals, palliative 

care consultations, and death outside of the hospital among those who died following index 

discharge. These results suggest a nurse navigator may be able to help patients receive 

goal-concordant care and warrants further study.

The strengths of our study include randomized treatment assignment, multicenter enrollment 

of a diverse sepsis population within a pragmatic, real-world context, low attrition, and 

evaluation of an endpoint that is clinically meaningful to patients and prioritized by 

healthcare systems. Our findings are timely given the urgency to identify strategies to 

facilitate recovery for coronavirus disease 2019 (COVID-19) survivors. Although this study 

did not specifically evaluate patients with COVID-19, it is reasonable to extend STAR 

program effects to these patients, who share many illness and outcome features with 

survivors of sepsis due to other causes (37).

Findings should be considered within the context of several limitations. First, because 

we used risk modeling to enrich our sample for patients with high risk of 30-day 

mortality or rehospitalization, findings are relevant to adults at high risk for these 

outcomes. We identified patients using locally derived risk stratification tools, but similar 

approaches could apply other readily accessible risk models. Second, excluding some 

patients, prerandomization (due to navigator capacity) and postrandomization (due to having 
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infection ruled out) may have biased results, although included and excluded patients had 

similar characteristics. Third, the observed event rate was lower than expected, although 

predicted probabilities were balanced across trial arms at baseline. Fourth, our study was 

not powered to detect differences in secondary outcome measures. Most findings were 

directionally aligned but not statistically significant. Fifth, postsepsis health effects have 

been shown to persist for months or years; thus, outcome evaluations beyond 30 days 

and including patient-reported measures of common sequelae (e.g., functional, cognitive, 

psychologic deficits) may be valuable. Finally, this study could not disaggregate effects of 

individual intervention components to determine which were influential in effecting overall 

program benefit, and further implementation and outcomes evaluations are needed to assess 

whether these effects can be replicated and scaled in rural or other lower-resource settings 

(38).

CONCLUSIONS

In this multisite randomized clinical trial of patients hospitalized with sepsis, a 

multicomponent transition and recovery intervention reduced 30-day mortality and 

rehospitalizations compared with UC. Further research is needed to understand the 

generalizability of the findings to other healthcare settings and identify key implementation 

factors for intervention success.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Consolidated Standards of Reporting Trials flow diagram of patient enrollment into 

Improving Morbidity during Post-Acute Care Transitions for Sepsis (IMPACTS) trial. ED = 

emergency department, STAR = Sepsis Transition And Recovery.
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