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Abstract

Background: Practice patterns and outcomes associated with use of oral anticoagulation
(OAC) for arterial thromboembolism prevention following a hospitalization with new-onset atrial
fibrillation (AF) during sepsis are unclear.

Methods: Retrospective, observational cohort study of patients =40 years discharged alive
following hospitalization with new-onset AF during sepsis across 21 hospitals in the Kaiser
Permanente Northern California healthcare delivery system, years 2011-2018. Primary outcomes
were ischemic stroke/transient ischemic attack (TIA), with a safety outcome of major bleeding
events, both within 1-year of discharge alive from sepsis hospitalization. Adjusted risk differences
for outcomes between patients who did and did not receive OAC within 30-days of discharge were
estimated using marginal structural models fitted by inverse probability weighting using Super
Learning within a target trial emulation framework.
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Results: Among 82,748 patients hospitalized with sepsis, 3992 (4.8%) had new-onset AF and
survived to hospital discharge; mean age was 78+11 years, 53% were men, and 70% were White.
Patients with new-onset AF during sepsis averaged 45+33% of telemetry-monitoring entries with
AF, and 27% had AF present on the day of hospital discharge. Within 1-year of hospital discharge
89 (2.2%) patients experiencing stroke/TIA, 225 (5.6%) had major bleeding, and 1011 (25%) died.
Within 30 days of discharge, 807 (20%) patients filled OAC prescriptions, which were associated
with higher one-year adjusted risks of ischemic stroke/TIA (5.69% vs 2.32%; risk difference
3.37%; 95% CI 0.36, 6.38) and no significant difference in one-year adjusted risks of major
bleeding (6.51% vs. 7.10%, risk difference —0.59%, 95% CI —3.09, 1.91). Sensitivity analysis of
ischemic stroke-only outcomes showed risk difference of 0.15%, 95% CI -1.72, 2.03.

Conclusions: After hospitalization with new-onset AF during sepsis, OAC use was uncommon
and associated with potentially higher stroke/TIA risk. Further research to inform mechanisms of
stroke and TIA and management of new-onset AF after sepsis is needed.

Keywords

sepsis; arrhythmia

Atrial fibrillation (AF) is common during sepsis.> Approximately 5% of patients with sepsis
develop new-onset AF, which is associated with increased short- and long-term risks of
stroke and mortality.2 The coagulopathic state of sepsis®# and recovery from sepsis-induced
organ dysfunction may predispose to thromboembolic complications of AF, whereas platelet
dysfunction, renal failure, and other coagulopathy may also predispose to increased bleeding
complications after sepsis. Thus, the relative risks and benefits of oral anticoagulation
(OAC) for patients following a hospitalization with new-onset AF during sepsis may

differ from those for ambulatory patients with primary AF included in prior randomized
trials of OAC for arterial thromboembolic risk reduction after new-onset AF.56 However,
little is known about current practice patterns and outcomes for OAC use following a
hospitalization with new-onset AF during sepsis. We therefore sought to characterize OAC
practices following new-onset AF during sepsis, and to evaluate the risks and benefits of
anticoagulation in the year following the sepsis hospitalization.

Methods

This study was approved by the Kaiser Permanente Northern California (KPNC)
institutional review board. A waiver of informed consent was obtained due to the nature

of the study. Because of the sensitive nature of the data collected for this study, requests

to access the dataset from qualified researchers trained in human subject confidentiality
protocols may be sent to the corresponding author. Reporting of the study was aligned with
STROBE and RECORD Guidelines’.

Study Design and Cohort Assembly

This was a retrospective observational study designed to describe practice patterns for use
of OAC among patients with new-onset AF complicating a sepsis hospitalization, and to
emulate a randomized trial®° of OAC prescribed after discharge from a hospitalization
with new-onset AF during sepsis. We included adults aged =40 years who survived to
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hospital discharge following an index hospitalization for sepsis with new-onset AF across
21 KPNC hospitals between January 1, 2011 and September 30, 2017 and followed up

for 1-year or until death. Sepsis was defined using the Sepsis-3 international consensus
definitions by establishing ‘suspected infection’ based on a timed dyad of antibiotics and
cultures, with organ dysfunction as defined by a Sequential Organ Failure Assessment
(SOFA) score =2.10 Patients were included with sepsis present near admission, defined by
cultures performed and antibiotics provided within 48 hours of admission and SOFA criteria
met within 72 hours. AF was defined by the presence of atrial fibrillation in nurse annotation
of cardiac rhythm flowsheets.11 In order to identify a cohort with new-onset AF, patients
with diagnosis codes for AF 5 years before the index sepsis hospitalization were excluded.
Patients were also excluded if they had used anticoagulation for any reason pre-admission or
had non-AF indications for anticoagulation prior to or during sepsis (i.e., mechanical heart
valves, venous thromboembolic disease), if they had a prior history of stroke, and if they did
not have continual membership in KPNC during the 1-year follow up period (6% of patients
with sepsis).

Exposure

OACs were defined as direct oral anticoagulants and vitamin K antagonists dispensed

by KPNC network pharmacies after hospital discharge. Prior studies demonstrated that
<6% of warfarin prescriptions were filled at out-of-network pharmacies!2. The primary
analysis defined OAC exposure as prescriptions dispensed within 30 days of hospital
discharge, in order to identify OACs dispensed either at hospital discharge or at early
post-hospitalization follow up appointments. Prescription durations were available from
pharmacy records. Sensitivity analyses evaluated OAC exposure within 1 day after hospital
discharge. Because most patients received warfarin, which necessitates frequent dosing
adjustments, OAC discontinuation was defined for per protocol analyses as a gap between
dispensed prescriptions of >30 days.2 No specific protocols were in place regarding
anticoagulants for patients with AF during sepsis during the study period.

Outcomes

The primary outcome of interest was the composite outcome of ischemic stroke and
transient ischemic attack, defined using a previously validated algorithm using /nternational
Classification of Diseases codes (Table S1).13 As a safety outcome to evaluate the potential
risks and benefits of OACs initiated at hospital discharge after sepsis, we also evaluated

the outcome of major bleeding events. Major bleeding was defined using previously
validated codes including a hospitalization with any diagnosis of intracranial hemorrhage

or a principal diagnosis of gastrointestinal hemorrhage.14-18 Outcomes were followed up
from the day of discharge after sepsis hospitalization through one year after discharge, or
death.

Covariates

We adjusted for variables deemed by clinician co-authors (AJW, LCM, VXL, ASG) to
potentially confound estimates of the effect of OAC on outcomes of stroke, major bleeding,
or censoring events such as death. Variables were considered potential confounders if they
were potential determinants of OAC use, outcomes, or competing risks. Baseline covariates
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included pre-sepsis factors potentially associated with cardiovascular risk and sepsis
severity, such as age at sepsis admission, body mass index, gender, race/ethnicity, Charlson
comorbidity index!®, CHA,DS,VASC stroke risk score20, antihypertensive, antiplatelet and
statin use prior to sepsis, and smoking history. We also adjusted for intra-sepsis factors
including source of sepsis, acute severity of illness (based on Laboratory and Acute
Physiology score, version 2; [LAPS2]2! and SOFA score2), most extreme laboratory
value measure (e.g. lowest or highest value, as appropriate) of complete blood count (e.g.
white blood cell count, platelets, bands), serum chemistry parameters (e.g. bicarbonate,
creatinine), anticoagulants, coagulation measures and lactate; use of intensive care or life-
sustaining therapies (e.g. mechanical ventilation, hemodialysis), vasopressor type, fluid
administration (total net intake and output; blood products transfused), the proportion

of nursing rhythm documentation indicating AF in cardiac flowsheets, and the presence
of AF on cardiac flowsheets on the day of hospital discharge. In per-protocol analyses,

we also adjusted for time-varying, post-hospital discharge covariates that could influence
censoring events of competing risk of death, anticoagulant use, and outcomes, including
minor bleeding events; venous thromboembolism; diagnoses of AF, myocardial infarction,
peripheral artery disease, falls, dementia, heart failure, and/or malignancy; head CT scan;
procedures including percutaneous coronary intervention, coronary artery bypass graft;
blood product transfusions; laboratory values including platelet count, serum creatinine,
blood urea nitrogen, hemoglobin Alc, hemoglobin; systolic blood pressure; and new
prescriptions of anti-platelet agents.

Statistical Analysis

The primary analysis aimed to emulate a hypothetical trial in which patients in the

target population (survived hospitalization with new-onset AF during sepsis) would have
been randomized within 30-days of hospital discharge to one of two treatment arms:
OAC therapy or no OAC therapy. The one-year risk differences in outcomes of interest
between these two treatment arms defined the primary effect measures. Formally, this
approach was implemented by fitting saturated logistic marginal structural models (MSM)
for the counterfactual discrete-time hazards defined by stochastic (in primary analysis)
treatment within 30-days of hospital discharge. In order to estimate the risks and benefits
of use of OACs after new-onset AF sepsis, the primary analysis was conducted within a
“per-protocol” framework that censored patients at the time of study arm crossover (i.e.,
starting anticoagulants in the control arm or stopping in the treatment arm). Details of
the approach for contrasting the stochastic intervention approach were described in prior
methodologically-related work (see Appendix of 23).

Briefly, in order to avoid time-dependent biases such as immortal person-time,8 in the
stochastic primary model patients could be assigned probabilistically to either one of the
exposure arms in the 30-day period of eligibility for potential anticoagulation assignment
after sepsis hospitalization, and then assigned based on whether they received OACs during
the 30-day period thereafter. Inverse probability weighting (IPW) was implemented to
address confounding and potential attribution bias due to death.2 Propensity scores were
calculated for OAC initiation, anticoagulation continuation, and right-censoring due to

the competing risk of death using an ensemble learning methodology known as Super
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Learning.2 In brief, Super Learning combines predicted values from various candidate
learners through a weighted average. The selection of the optimal combination of learners
is based on cross-validation to protect against over-fitting such that the resulting “super
learner” performs asymptotically as well or better than any of the candidate learners
considered. Each propensity score was estimated using the following 3 learner types:
main-term-only logistic models, random forests (rng)26, and extreme gradient boosting
regressions (xgb)27-28, The learner based on logistic regression was combined with 5
screeners that automatically select the first 5, 10, 20, and 30 covariates most associated
with the independent variable of the propensity score (exposure or censoring event). The
fifth screener selects all covariates considered in the analyses. The rng and xgb learners
were combined with 2 screeners that automatically select the first 5 and 10 covariates most
associated with the independent variable of the propensity score.

These machine learning approaches were used for both adapting the covariate adjustment
set that best predicted anticoagulant dispensation within 30-days of hospital discharge
(“covariate selection™) and to allow for complex, non-linear relationships between covariates
and exposure/right-censoring. Following current guidelines and practice to address bias
concerns over violation of the positivity assumption, inverse probability weights were
truncated using the 99th percentile of the weights distribution in each analysis.2%:30 Standard
error estimates were obtained using the influence curve of the inverse probability estimator
for the coefficients of the logistic marginal structural model and the delta method.31:32 The
missingness indicator approach was used to address missing baseline and time-dependent
covariate values.30:33:34 |_ongitudinal data were updated daily for 365 days after hospital
discharge and structured to respect temporal ordering between covariates, exposure, and
outcome using the LtAtStructuR R package3.

Multiple sensitivity analyses were conducted to assess the impact of specific assumptions

on the results. In order to assess robustness to different specifications of the propensity
score, we conducted sensitivity analyses using standard logistic regression-based propensity
scores (rather than Super Learner) to estimate inverse probability weights. We also conduced
secondary analyses defining anticoagulant treatment initiation eligibility as the day after
hospital discharge, rather than 30-days after discharge (i.e., “static treatment assignment”
models). Additionally, we conducted analyses within an intention to treat framework, with
OAC assignment groups maintained throughout the follow up period if dispensed within the
eligibility period — either within 30-days of sepsis hospitalization discharge in the stochastic
treatment assignment analysis, or within one day of hospital discharge in the static treatment
assignment analyses. We also conducted a sensitivity analysis using untruncated inverse
probability weights. Lastly, we conducted a sensitivity analysis in which the outcome of
interest was ischemic stroke (not including TIA). Statistical analyses were conducted using
R version 3.6.2 (2019-12-12) based on the stremr R package.36 Study authors KKT, LCM
and VXL had access to study data.
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Results

Cohort characteristics

Among 82,748 patients hospitalized with sepsis, 3992 (4.8%) had new-onset AF and
survived to hospital discharge (Figure 1). Characteristics of sepsis survivors with new-onset
AF are shown in Table 1, and include mean age 78 + 11 years old, 53% men, and 70%
White race. Patients spent an average of 45 + 33% of cardiac rhythm-documented time in
an AF rhythm, 27% had AF present on telemetry on the day of hospital discharge, and

27% received anticoagulants during the sepsis hospitalization. The median CHA,DS,VASC
stroke risk score was 4 (IQR 3-5). Cumulative incidence of ischemic stroke and TIA for
the cohort 1 year after sepsis hospitalization is shown in Figure S1, with 89 (2.2%) patients
experiencing stroke or TIA and 49 (1.2%) experiencing stroke.

Patterns of anticoagulant prescriptions after sepsis with new-onset atrial fibrillation

The cumulative incidence of OAC prescriptions dispensed after hospital discharge among
eligible patients with new-onset AF during a sepsis hospitalization are shown in Figure 2.
Among 1057 (26%) patients dispensed OAC in the year after hospital discharge, 593 (56%
of those receiving OAC) were dispensed within 1 day of discharge, and 807 (76% of those
receiving OAC, including those within 1 day) were dispensed within 30 days of discharge.
Use of OAC after sepsis increased over time: in 2011 18% of patients with new-onset AF
during sepsis were filled OAC prescriptions within 30 days of discharge as compared with
24% in 2017, pireng <0.001. (Table S2). Warfarin was the most commonly used OAC (82%),
followed by dabigatran (13%). Among the 807 patients who started OAC within 30-days
after hospital discharge, 118 received anti-platelet or aspirin concomitant with OAC and
512/807 (63%) met criteria for discontinuation (a gap between prescriptions of more than
30 days) of OAC, with median time from initial prescription to discontinuation of 112 (IQR
61-168) days. OACs were re-initiated among 312 (61% of those that discontinued) at a
median of 24 (8-50) days after the first 30-day prescription gap, with 200 patients (25%) not
resuming anticoagulants.

OACs were more likely dispensed after sepsis to patients who were younger, with more
frequent documentation of AF during sepsis (including on the day of hospital discharge),
and who received anticoagulants during sepsis. In contrast, patients with higher sepsis
severity, bleeding, falls, dementia or malignancy documented during sepsis were less likely
to receive anticoagulants. The full list of factors associated with OAC dispensation within
30-days of discharge from a sepsis hospitalization are shown in Table S3.

Outcomes of patients prescribed anticoagulants after hospital discharge as compared to
no anticoagulants

Inverse probability weights were a median of 1.3 (IQR 1.1-2.7; Table S4) among patients
dispensed OACs and median 1.7 (IQR 1.2-2.5; Table S5) among those not dispensed
anticoagulants. Stabilized inverse probability weights for the Super Learner (Table S6) show
lower large weights as compared with the logistic propensity score models (Table S7) and
Super Learner models demonstrated the lowest cross-validated risk as compared to other
methods. In the primary stroke/TIA outcome analysis, 538 patients included initially in the
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OAC untreated arm crossed over to OAC treated and were censored in the per protocol
approach, and 385 included initially in the OAC treated arm crossed over to untreated.
Among patients with new-onset AF prescribed OAC within 30 days of discharge from

a sepsis hospitalization, 26 (3.2%) had ischemic stroke or TIA, 52 (6.4%) had a major
bleeding event, and 84 (10.4%) died within 1-year of hospital discharge. Patients with new-
onset AF during sepsis who did not receive OAC within 30 days of hospital discharge had
rates of ischemic stroke or TIA of 63 (2.0%), major bleeding of 173 (5.4%) and death of 927
(29.1%) within 1 year of sepsis. Primary MSM analysis comparing patients dispensed versus
not dispensed OAC within 30-days of hospital discharge showed higher rates of stroke/TIA
(risk difference 3.37%, 95% CI 0.36, 6.38) and no significant differences in major bleeding
events (risk difference —0.59%, 95% CI —3.09, 1.91) (Figure 3A and 3B, Figure S2). Similar
results were seen in sensitivity analyses (Table 2) for stroke/TIA outcomes using logistic
regression to construct propensity scores (Figure S3), intention-to-treat (ITT) analysis of
anticoagulants prescribed within 30-days (Figure S4A, Figure S4B), and in per protocol
(Figure S5A, Figure S5B) and ITT analyses (Figure S6A, Figure S6B) evaluating OAC use
within 24 hours of hospital discharge, and similarly for bleeding outcomes (Figures S7TA-D).
Sensitivity analyses using untruncated inverse probability weights (Table S8) showed similar
findings to the analyses truncating weights at the 99%ile. Sensitivity analysis evaluating
ischemic stroke as the outcome (not including TI1A) showed a risk difference of 0.15% (95%
Cl -1.72, 2.03, p=0.87).

Discussion

We present multiple novel findings with regards to practice patterns and outcomes of
anticoagulant use after a hospitalization with new-onset AF during sepsis. Across 21
hospitals, one in five patients with new-onset AF during sepsis were dispensed an
anticoagulant within 30-days of discharge from a hospitalization with new-onset AF
during sepsis, with a modest increase in OAC use from 2011 to 2017. Patients starting
anticoagulants after a hospitalization with new-onset AF during sepsis differed across
many characteristics from patients who did not receive anticoagulants, and frequently
had interruptions, discontinuation, re-initiation and crossover of anticoagulant use in the
1-year period after sepsis. Overall, rates of stroke and TIA (~2%) were lower than rates
of major bleeding (~5%) in the year after sepsis, with primary models showing increased
stroke/TIA (and sensitivity analyses showing similar rates of stroke or stroke and TIA)
without increased bleeding among patients dispensed anticoagulants within 30-days of
discharge from a hospitalization with new-AF during sepsis, as compared to not dispensed
anticoagulants after sepsis discharge.

Few prior studies have explored treatment patterns after hospital discharge for patients with
new-onset AF during sepsis. A study using Quebec administrative claims data investigated
outcomes after hospitalization among 102 patients with new-onset AF during sepsis and
found that 27% received anticoagulants within 30 days after discharge, with a stroke rate
of 1.67 per 100 person-years and no significant association between use of anticoagulants
and stroke or bleeding risk.3” Similarly, a single center study of 32 patients with new-onset
AF during sepsis found that 29% received anticoagulants after hospital discharge, but did
not estimate stroke or bleeding risks. Thus, compared with our findings in a much larger,
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multicenter sample, prior studies also showed similarly low rates of anticoagulant use and
similar stroke risks3738 in the year following new-onset AF during sepsis. Further studies
are needed to explore factors driving anticoagulant prescribing after new-onset AF in sepsis.

The finding that anticoagulants were associated with increased ischemic stroke risks was
contrary to our expectations based on prior evidence from settings outside of sepsis.®
Based on observed prescribing patterns, we speculate that anticoagulants may have been
targeted to patients with the highest perceived risks of AF recurrence or persistence,

and the lowest perceived competing risks of death after sepsis. This was evidenced by

the substantial difference in 1-year post-sepsis mortality in patients receiving versus not
receiving anticoagulation near discharge. Thus, if a perceived (but unmeasured) indication
for anticoagulants was associated with higher stroke or TIA risk, or if decisions to de-
escalate medical care (and avoid anticoagulants) after sepsis were associated with lower
risks of stroke (potentially through a higher competing risk of death), then residual
confounding may contribute to our findings of increased stroke risk associated with
anticoagulants despite our use of causal inference approaches to mitigate bias. However, the
lack of predictive validity of CHA,DS,-VVASc in the context of short-term sepsis-associated
stroke risk3 decreases the likelihood that clinicians could accurately target anticoagulant
prescribing to stroke risk following sepsis using tools developed for outpatient settings.
Additionally, sensitivity analyses evaluating only stroke as an outcome (though limited by
lower outcome event rates), or using alternative methods for confounding adjustment, did
not suggest significantly higher rates of stroke with OAC. Despite these limitations, our
findings suggest it is unlikely that anticoagulants started for new-onset AF during sepsis
would achieve the 50-60%?0 stroke risk reduction observed among ambulatory patients
without secondary AF.

The absolute 1-year risks of ischemic stroke or TIA (~2%) after new-onset AF during
sepsis were lower than previously reported 1-year stroke risks among community dwelling
patients with AF without a secondary precipitant such as sepsis, but with similar median
CHA,DS,-VASC scores (e.g., prior studies estimate a ~4% 1-year stroke risk for CHA,DSo-
VASC of 4).5 As compared with AF diagnosed in the ambulatory care setting, we speculate
that the lower rates of AF recurrence after onset during sepsis than in ‘non-secondary AF’
settings,3840 high competing risks of death after sepsis, and potentially non-cardioembolic
mechanisms of stroke after sepsis*! may have contributed to lower effectiveness of
anticoagulation for stroke prevention after sepsis. Additional research using long-term
rhythm monitoring®? is likely needed to determine characteristics of patients at highest
risk for AF recurrence and stroke risk who may potentially benefit from anticoagulation
following new-onset AF during sepsis.

Our study has additional strengths and limitations. Strengths include use of data from
nearly 4000 patients across 21 hospitals, with detailed, electronic health record-based
clinical information up to 5 years prior to sepsis onset, during the sepsis hospitalization,
and for 1-year following sepsis to inform rigorous approaches to observational causal
inference. Outcomes were defined by validated algorithms and results were robust to
multiple sensitivity analyses. Limitations include the potential for residual confounding —
as evidenced by higher crude mortality rates and different patient characteristics for patients
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who did and did not receive anticoagulants, potentially resulting in less competing risks

of death, higher baseline stroke rates and lower bleeding risks among patients selected

for anticoagulation that were incompletely accounted for with measured confounders. The
absence of data regarding new decisions to limit treatments may that impact decisions

to pursue anticoagulation after sepsis and censoring events, is an additional limitation.
Super Learner resulted in lower proportions of observations with extreme weights than
logistic regression, and lower cross-validated risks, potentially explaining differences in
point estimates and standard errors between the two methods. Additional limitations include
the use of warfarin - rather than direct oral anticoagulants - for most of the study cohort
with inability to track adherence; the potential for prevalent user bias from initiation of
anticoagulants during the sepsis hospitalization; use of electronic health record data not
created for research purposes with unclear generalizability to other health systems, and the
exclusion of patients who did not have continual membership in KPNC in the year after
hospitalization.

In conclusion, a limited proportion of the patients with new-onset AF during sepsis initiated
OAC following their sepsis hospitalization. Target trial emulation analyses did not suggest
effectiveness of OAC initiated or continued after hospital discharge for reduction of 1-year
stroke risks after new-onset atrial fibrillation during sepsis. Thus, additional strategies are
needed to evaluate and reduce the risk of AF-associated stroke following sepsis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

AF Atrial Fibrillation

CHA,DS,VASC Congestive Heart Failure, Hypertension, Age 275
(Doubled), Diabetes, Stroke (Doubled), Vascular Disease,
Age 65 to 74 and Sex Category (Female)

CT Computerized Tomography

IPW Inverse Probability Weighting

IOR Interquartile Range

ITT Intention-to-treat

KPNC Kaiser Permanente Northern California

LAPS2 Laboratory and Acute Physiology Score, Version 2
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What is Known

. New-onset atrial fibrillation (AF) during sepsis is common, associated with
recurrence of AF, and ischemic stroke after hospital discharge; however,
patterns of oral anticoagulant use and associated stroke and bleeding
outcomes after sepsis are unclear.
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What the Study Adds

. In a large, multicenter cohort of patients surviving a hospitalization with
sepsis and new-onset AF, use of oral anticoagulants after hospital discharge
was uncommon.

. Patients with sepsis and new-onset AF who used oral anticoagulants at
hospital discharge did not have lower ischemic stroke or higher bleeding risks
than patients who were not prescribed anticoagulants.
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Discharge to hospice (N=382)

anticoagulant or stroke
No discharge to hospice

Sepsis survivor, age >40
New-onset Atrial fibrillation
No venous thromboembolism,
N=3992

Figure 1.

Flowchart describing study entry and exclusion to create the final study cohort.
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Figure 2.
Cumulative incidence of new anticoagulant prescriptions in the year after discharge from

a hospitalization with new-onset atrial fibrillation during sepsis. Day 0 is day of hospital
discharge, total N of cohort is 3992, total N receiving anticoagulants is 1052.
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Survival curves of patients receiving anticoagulants (Blue) or not receiving anticoagulants
(Red) within 30 days of discharge from hospitalization with sepsis and new-onset atrial
fibrillation.

Figure 3a. Incidence of stroke and transient ischemic attack for patients receiving
anticoagulants or not receiving anticoagulants within 30 days of discharge from
hospitalization with sepsis and new-onset atrial fibrillation, estimated from marginal
structural models with Super Learner-generated propensity scores and per protocol analysis.
Figure 3b. Incidence of major bleeding for patients receiving anticoagulants or not receiving
anticoagulants within 30 days of discharge from hospitalization with sepsis and new-onset
atrial fibrillation, estimated from marginal structural models with Super Learner-generated
propensity scores and per protocol analysis.
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Characteristics of patients who received and did not receive anticoagulant prescriptions within 30-days of

hospital discharge.

Characteristics

No anticoagulant within 30 days
N=3185

Anticoagulant within 30 days of
hospital discharge N= 807

N (%) unless otherwise specified

Pre-sepsis hospitalization

Age, median [IQR]

80.0[71.0, 87.0]

75.0 [67.0, 82.0]

Race and Ethnicity

Asian 398 (12.5) 104 (12.9)
Black 203 (6.4) 52 (6.4)
Hispanic 295 (9.3) 67 (8.3)
Other 35 (1.1) 7(0.9)
White 2254 (70.8) 577 (71.5)
Sex, male 1741 (54.7) 469 (58.1)

Body mass index,
median [IQR]

26.5[22.9,31.2]

29.2[25.1,34.9]

Smoking history

1620 (50.9)

429 (53.2)

Atherosclerotic cardiovascular disease score

0.239 [0.126, 0.416]

0.223 [0.115, 0.391]

Medications prior to sepsis hospitalization

Anti-platelet 183 (5.7) 26 (3.2)

Statin 1570 (49.3) 480 (59.5)

Anti-hypertensive 2471 (77.6) 682 (84.5)
Charlson comorbidity Index 3.0[2.0,5.0] 3.0[1.0,5.0]
Chronic pulmonary disease 1212 (38.1) 327 (40.5)
Hemiplegia or paraplegia 46 (1.4) 7(0.9)
Acquired Immunodeficiency Syndrome <5 <5
Chronic kidney disease 1417 (44.5) 362 (44.9)
Dementia 219 (6.9) 8 (1.0)
Diabetes 1180 (37.0) 370 (45.8)
Diabetes with chronic complications 909 (28.5) 287 (35.6)
Malignancy, including leukemia and lymphoma 646 (20.3) 108 (13.4)
Mild liver disease 87 (2.7) 13 (1.6)
Metastatic solid tumor 184 (5.8) 16 (2.0)
Peptic ulcer disease 132 (4.1) 20(2.5)
Peripheral vascular disorder 948 (29.8) 228 (28.3)
Renal Disease 1475 (46.3) 374 (46.3)
Rheumatologic disease 152 (4.8) 34 (4.2)
Moderate or severe liver disease 38(1.2) 6(0.7)
Myocardial Infarction 515 (16.2) 122 (15.1)
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Characteristics

No anticoagulant within 30 days
N=3185

Anticoagulant within 30 days of
hospital discharge N= 807

CHA,DS,-VASc Score for Atrial Fibrillation Stroke Risk

40[3.0,4.0]

3.0[2.0,4.0]

During sepsis hospitalization

Percentage of cardiac flowsheet with atrial fibrillation,
median [IQR]

27.3[8.64, 76.0]

61.5 [24.6, 96.9]

Atrial fibrillation diagnosis code (all patients had atrial 1996 (62.7) 715 (88.6)
fibrillation on cardiac flowsheet)

Atrial fibrillation on cardiac flowsheet on day of discharge 687 (21.6) 375 (46.5)
Maximum Sequential Organ Failure Assessment score 4.0[3.0,6.0] 3.000 [2.000, 5.000]

Laboratory Acute Physiology Score 2

111.0 [86.0, 138.0]

104.0 [80.0, 128.0]

Medications
Anticoagulants 448 (14.1) 634 (78.6)
Aspirin 1869 (58.7) 556 (68.9)
Other Antiplatelet 252 (7.9) 55 (6.8)
Statin 1549 (48.6) 515 (63.8)
Inotrope (Dobutamine or Milrinone) 108 (3.4) 47 (5.8)
\/asopressor 521 (16.4) 136 (16.9)
Other inpatient procedures
First ejection fraction measure (%), median [IQR] 60 [55, 65] 60 [45, 64]
Intensive care unit admission 1349 (42.4) 366 (45.4)
Days of invasive mechanical ventilation, median [IQR] 0.0 [0.0, 0.0] 0.0 [0.0, 0.0]
Any invasive mechanical ventilation, N (%) 397 (12.5) 120 (14.9)
Days of non-invasive mechanical ventilation, median 0.0 [0.0, 0.0] 0.0 [0.0, 0.0]
[IQR]
Any non-Invasive mechanical ventilation, N (%) 515 (16.2) 181 (22.4)
Hemodialysis 94 (3.0) 21 (2.6)
Head Computed tomography scan 351 (11.0) 57 (7.1)
Coronary artery bypass graft procedure 16 (0.5) 10 (1.2)
Percutaneous intervention procedure 35(1.1) 11 (1.4)
Red blood cell transfusion 445 (14.0) 51 (6.3)
Cryoprecipitate transfusion 62 (1.9) 12 (1.5)
Platelet transfusion 78 (2.4) 9(1.1)
Total blood product volume 0.0[0.0,0.0] 0.0 [0.0, 0.0]
Any blood product, N(%) 503 (15.8) 57 (7.1)
Other diagnoses during hospitalization
Peripheral arterial disease 14 (0.4) 5 (0.6)
Bleeding 458 (14.4) 73 (9.0)
Fall 412 (12.9) 41 (5.1)
Malignancy 343 (10.8) 36 (4.5)
Dementia 355 (11.1) 16 (2.0)
Heart failure 1000 (31.4) 366 (45.4)
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Characteristics

No anticoagulant within 30 days
N=3185

Anticoagulant within 30 days of
hospital discharge N= 807

Myocardial infarction

237 (7.4)

74(9.2)

Hospital baseline vital signs and laboratory values (median

[IQR])

Systolic blood pressure mmHg

139 [126, 152]

139 [126, 152]

Heart rate, beats per minute 86 [75, 96] 89 [77, 100]
Hemoglobin 10.0 [8.6, 11.3] 10.7 [9.4, 12.0]
Hemoglobin Alc % 6.5[5.9,7.9] 6.5[6.0, 7.8]

Blood urea nitrogen

21.0[15.0, 33.0]

22.0[16.0, 33.8]

Platelets, x 10%

199 [144, 273]

208 [158, 281]

Creatinine

0.97 [0.74, 1.35]

1.01[0.78, 1.38]

Hospital most extreme selected laboratory values (median

[IQR])

Troponin |

0.07 [0.03, 0.36]

0.08 [0.03, 0.36]

Brain Natriuretic Peptide

507 [249, 958]

539 [299, 942]

Creatinine

1.45 [1.05, 2.22]

1.44[1.04, 2.04]

Lactic Acid

2.0[14,33]

1.9[1.3,2.9]

Prothrombin time

151 [14.0, 16.5]

16.3[14.8, 20.3]

Lowest platelet count x 103

150 [109, 203]

151 [115, 203]

Hospital length of stay, days

54[3.7,8.0]

5.3[3.8,8.0]

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2024 March 01.



Page 22

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2024 March 01.

o lg)- . . . Jausea
(16°€ '82'2-) 95°0 e L9 Jadns ‘yean 01 uonualul ‘abreydsip [endsoy 4o SInoy g Ulyim uoire|nbeosnuy
(zev '65°€-) LEO 0T’ 7L Jaurea Jadns ‘jod0jo.ad Jad ‘afueydsip [endsoy 40 sInoy g Ulyiim uole|nbeodnuy
(e0€ ‘L€'T-) €8°0 0T'L €6'L JaureaT Jadng ‘Jeal) 0} uonuaul ‘ab1eydsip Jo shep-og ulym uolyenbeosnuy
T ien . . . 8109s Ayisuadoud
(€17 '60'5-) 96°T- 1€'8 S€'9 uoissaibal ansibo| ‘|020104d-1ad ‘Bbreyasip Jo SAep-0g ulylm uoire|nbeodnuy
sasAleuy AlIAIISUBS
8100
(T6°T ‘60°€-) 60— T/ 159 Aysuadoud Jaurea Jadns ‘jooojoad-sad ‘abreydsip Jo sAep-0g ulyum uonenbeoonuy
:]apow paysnipe Arewiid
Buipss|g 1ole :8w02INO
[ . . . Jausea
(587 TT0-) 8€C 6ec Ly Jadns ‘reany 01 uonuaiul ‘abireyasip [eaidsoy 4o sinoy Z UIylm uoie|nbeodnuy
(60°2 ‘80°0-) TS'E €T €8'G JauresT Jadng ‘|0o0joad Jad ‘afreydsip [endsoy 40 sinoy g Ulyim uolie|nfeodnuy
(¢e'00 09T (444 26°€ Jaures Jadng ‘Jeal o) uonuajul ‘abreydsip Jo skep-og urylm uone|nBeoonuy
ot o . . . 2109s Ansuadoud
(ery'Le2-) 180 9ce ere uoissaibal onsibo| ‘|020104d-lad ‘abseyasip Jo sAep-0g UlyIM uoire|nbeodnUY
sasAleuy AlIAILISUBS
9100
(88'9'92°0) L€°€ 45944 69'G Ausuadoud sausea Jadng ‘|020301d-1ad ‘abIeyasip Jo sAep-0g UIylM uolle|nbeodnuy
:]apow paisnipe Arewiid
V11/8X041S :8W09INO
sjuedionaed
00T 4ad pasodxaun sjuedionaed oot 4ad pasodxa
sjuedionaed g 4ad pasodxaun | -uoieNBeodnuUY Ul 8WwoNo Jo | -uoie|NBeodIIUY Ul BWO02IN0 JO
-pasodx3 (1D %S6) adualayip Msiy | aousploul Jesk-auo sale|NWIND | 89uUapIdUL JB3A-8UO BAIRINWIND 1apoN

Walkey et al.

"UOIE.||1Ig1Y [BLIIE 18SUO-MaU pue sisdas yiim uonezijeidsoy Jaige Jesk-T uiyum Buipas|q
pue (W]1) Y9BNe 21Wayds] JUSISURIY/8X011S JO SYSLI puR UoNERINBRODIUR USSAIS] SUOITRID0SSE [esned BuienjeAs sjapou [eanjonals jeulbiew Jo s)nsay

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	Methods
	Study Design and Cohort Assembly
	Exposure
	Outcomes
	Covariates
	Statistical Analysis

	Results
	Cohort characteristics
	Patterns of anticoagulant prescriptions after sepsis with new-onset atrial fibrillation
	Outcomes of patients prescribed anticoagulants after hospital discharge as compared to no anticoagulants

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

