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BACKGROUND: Hospitalizations for infective endocardi-
tis (IE) associated with opioid use disorder (O-IE) have
increased in the USA and have been linked to high rates
of discharge against medical advice (DAMA). DAMA rep-
resents a truncation of care for a severe infection, yet
patient outcomes after DAMA are unknown.
OBJECTIVE: This study aimed to assess readmissions
following O-IE and quantify the impact of DAMA on
outcomes.
DESIGN:Aretrospective studyofanationally representative
dataset of persons’ inpatient discharges in the USA in 2016
PARTICIPANTS: A total of 6018 weighted persons were
discharged for O-IE, stratified by DAMA vs. other dis-
charge statuses. Of these, 1331 (22%) were DAMA.
MAIN MEASURES: The primary outcome of interest was
30-day readmission rates, stratified by discharge type. We
also examined the total number of hospitalizations during
the year and estimated the effect of DAMA on readmission.
KEY RESULTS: Compared with non-DAMA, those experi-
encing DAMAwere more commonly female, resided in met-
ropolitan areas, lower income, anduninsured.Crude30-day
readmission following DAMAwas 50%, compared with 21%
forotherdischarge types.DAMAwasstronglyassociatedwith
readmission in an adjusted logistic regression model (OR
3.72, CI 3.02–4.60). Persons experiencing DAMAmore com-
monly had≥2more hospitalizations during the period (31%
vs. 18%, p<0.01), and were less frequently readmitted at the
same hospital (49% vs 64%, p<0.01).
CONCLUSIONS: DAMA occurs in nearly a quarter of
patients hospitalized for O-IE and is strongly associated
with short-term readmission. Interventions to address
the root causes of premature discharges will enhance O-
IE care, reduce hospitalizations and improve outcomes.

KEYWORDS: infective endocarditis; opioids; outcomes; injection drug use;

cardiac surgery.

J Gen Intern Med 38(7):1615–22

DOI: 10.1007/s11606-022-07879-6

INTRODUCTION

Infective endocarditis (IE), an infection of the heart with
potentially severe medical sequelae, is an increasingly recog-
nized consequence of the opioid crisis. Hospitalizations for IE
associated with injection drug use have sharply increased over
recent years,1–3 driven by misuse of prescription and illicit
opioids and heroin,3 and resulting in long and costly hospital-
izations. The long lengths of stay stem from the prolonged
courses of parenteral antimicrobials that treat IE, typically
delivered in the inpatient setting, and recovery from valvulo-
plasty, which is often indicated in IE treatment. During this
period, patients do not routinely receive medications for opi-
oid use disorder (OUD),4,5 despite their association with a
lower risk of returning to drug use,6 and support for their use
voiced by major medical organizations.7,8

A substantial proportion of drug-associated IE hospitaliza-
tions results in patients’ termination of inpatient care prior to
providers’ recommendation. In recent years, this phenome-
non, often termed discharge against medical advice (DAMA),
has risen for drug-associated IE, from 12% in 2010 to 21% in
2015.9 In contrast, DAMA during a hospitalization for IE due
to other causes occurs in less than 3% of hospitalizations
overall.3,9,10 DAMA for IE hospitalizations, which has been
linked to substance use disorders,11 almost certainly represents
a truncation in treatment for a potentially fatal infection.
Furthermore, patients with untreated OUD may develop with-
drawal symptoms or receive inadequate pain treatment, lead-
ing to negative in-hospital experiences.12 These and other
factors, such as stigma,12,13 financial responsibilities,14 hous-
ing,15 and use of both opioids and stimulants,16 have been
identified as contributors to DAMA.
There are little data on healthcare utilization and outcomes

following DAMA for IE. For example, it is unknown whether
patients return to resume care and when those readmissions
occur. In this study, we characterized the clinical outcomes of
patients after DAMA for IE and rates of readmission, aggre-
gate lengths of stay, and costs that follow downstream from
DAMA. We utilized a large, nationally representative data-
base of US hospitalizations to describe the prevalence of
DAMA following IE associated with OUD (opioid use
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disorder-associated IE, O-IE) and to examine short-term read-
missions. We hypothesized that DAMA following O-IE was
common and strongly associated with readmission in the first
30 and 90 days after discharge, considering patients’ ongoing
need for IE care. Our findings characterize the complexities of
caring for patients with O-IE and may help providers, health
systems and public health entities better provide care.

METHODS

Data Source

We analyzed the 2016 Nationwide Readmissions Database
(NRD), developed by the Agency for Healthcare Research
and Quality.17 The NRD comprises all hospital discharges and

in-state readmissions from 27 states and includes weights to
provide nationally representative estimates (Appendix Table 1).
NRD domains include demographics, diagnoses, procedures,
charges, disposition, and an internal identifier allowing individ-
uals to be tracked across in-state readmissions within a calendar
year. Analyses were performed using weighted estimates, ac-
counting for clustering of discharges at the hospital of the index
hospitalization, except for the assessment of readmission rea-
sons, which was performed on unweighted data. The study was
reviewed by the University of North Carolina institutional
review board and deemed exempt from full human subjects’
research review.

Inclusion Criteria

We included people aged ≥18 years who had a hospital dis-
charge with an International Classification of Diseases, Tenth
Revision (ICD-10-CM) diagnosis code of IE and a diagnosis
code that reflected OUD. We used the same codes for OUD
recently employed in a study of O-IE hospitalizations.18

The first discharge in the calendar year coded for both OUD
and IE was labeled the index discharge for O-IE. Persons with
an index discharge in January were excluded because there
was no way to ascertain whether it was a short-term readmis-
sion from a hospitalization in the prior year. To allow a
minimum of 30 days of potential follow-up time, persons with
index discharges occurring in December were excluded.

Discharge Against Medical Advice and
Readmission

The main exposure was DAMA, which was coded (Yes/No)
based on the patient discharge disposition variable in the
NRD. Those discharged under any other status were labeled
non-DAMA. Readmission was determined by any subsequent
discharge (all-cause) during the follow-up period. The primary
outcome was readmission within 30 days. Secondary out-
comes included 90-day readmission (among those contribut-
ing at least 90 days of follow-up time), readmission to the
same hospital as the initial hospitalization (vs. another), in-
hospital death during a subsequent admission, and the primary
reason for readmission.

Analysis

We first examined the proportion of index hospitalization
discharges with a disposition of DAMA. We then estimated
failure curves for time to readmission, stratified by DAMA
status, and used the log-rank test to determine if the curves
differed.
Among O-IE patients, we estimated the proportion experi-

encing readmission within 30-days, stratified by DAMA, and
among those with at least 90 days of follow-up, we examined
90-day readmissions. We estimated hospital costs accrued per
individual over the calendar year, defined as the sum of
hospital charges for the index hospitalization and all

Table 1 Demographics and Clinical Description of the Study
Sample*

DAMA Non-
DAMA

p value

n = 723 n = 2499

Weighted
n = 1331

Weighted
n = 4686

Age, median (IQR) 31 (26–36) 33 (27–41) <0.001
Gender
Male 41% 48% <0.001
Female 59% 52%

Residence
Non-Metropolitan 9% 15% <0.001
Metropolitan 91% 85%
Missing (weighted n) 14 43

Income quartile
1st 39% 36% 0.051
2nd 28% 26%
3rd 20% 25%
4th 13% 13%
Missing (weighted n) 14 45

Insurance payer
Medicare 4% 10% <0.001
Medicaid 57% 55%
Private 8% 14%
Self-pay/uninsured 25% 15%
No charge 2% 3%
Other 3% 3%
Missing (weighted n) <10 <10

Poly-drug use** 52% 48% 0.063
Alcohol use disorder 7% 8% 0.70
Mood disorder 29% 32% 0.22
Anxiety disorder 33% 35% 0.29
Psychoses 2% 3% 0.33
Any selected psychiatric
diagnosis (mood, anxiety,
or psychosis)

47% 49% 0.33

Hepatitis C 47% 48% 0.93
Charlson Comorbidity Index
≤2 92% 85% <0.001
>2 8% 15%

Heart valve surgery during
index admission

5% 17% <0.001

Length of stay of index
admission, median (IQR)

6 (2–18) 17 (8–36) <0.001

Legend: Abbreviations: DAMA, discharge against medical advice
*Results are given as proportions of weighted hospitalizations, unless
otherwise noted
†Defined as the use of one of the following drugs in addition to opioids:
cocaine, other stimulants, hallucinogens, benzodiazepines, or other
potentially illicit drugs that could be injected
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readmissions. Hospital charges were converted to costs using
charge-to-cost ratios published with the NRD.
We assessed the association between DAMA and 30-day

readmission using a logistic regression model, controlling for
age, gender, metropolitan residence, insurance status, poly-
substance use, alcohol use disorder, any selected psychiatric
disorder (mood, anxiety or psychotic diagnosis), heart valve
surgery during the index hospitalization and length of stay
during the index hospitalization (dichotomized at <=14 days
and >14). These covariates for adjustment were chosen to
include basic sociodemographics, as well as mental health
conditions that have been associated with DAMA and read-
missions, or a competing outcome such as death.19–23 Poly-
substance use has been linked to increased risk of DAMA
among patients with IE.24 Heart valve surgery and length of
stay were chosen based on a priori assessment that they would
be linked to both DAMA and readmission. To control for
severity, we also assessed the Charlson comorbidity index
score (CCI), a mortality prediction score based on 19 medical
comorbidities, using a previously published algorithm that
was developed for use with administrative data in ICD-10-
CM 25. CCI was dichotomized at <=2 and >2 and included in
the adjusted analysis. Polysubstance use was defined as a code
for the use of at least one illicit substance other than opioids
that could conceivably be injected (i.e., other than marijuana).
Heart valve surgery was defined as the presence of an ICD-10
procedure code for surgery that could be used to treat IE. A full
list of ICD-10 codes used in the analysis is in the Appendix
Tables.
The reasons for the first readmission were assessed by

taking the first diagnosis code listed for the discharge and
categorizing it within the Clinical Classification Software
Refined, an AHRQ system which groups ICD diagnoses into
clinically relevant categories.26 Statistical comparisons of
survey-weighted continuous variables were performed with
R (RStudio Team, Boston, MA). All other analyses were
performed with SAS, version 9.4 (SAS Institute, Cary, NC).

RESULTS

Study Population

In total, 3222 individuals with ≥1 hospitalization for O-IE met
the inclusion criteria. This corresponded to 6,018 weighted
persons in the analysis, of which 1331 (22%) were DAMA
and 4686 (78%)were not. Compared to other patients, DAMA
patients were significantly younger, more commonly female,
and more likely to have a metropolitan residence, lower in-
come, and self-pay insurance status. Compared to other
patients, DAMA patents also had significantly lower comor-
bidity, were less likely to undergo heart valve surgery, and had
shorter lengths of stay during their index hospitalization
(Table 1 and Appendix Table 9).

Readmissions

Among persons with a DAMA disposition on their index
discharge record, 50% were readmitted within 30 days
(Table 2 and Appendix Table 10). In contrast, fewer non-
DAMA patients were readmitted within 30 days (21%,
p<0.001). Of the 4863 weighted participants contributing at
least 90 days of follow-up time, 90-day readmission occurred
in 59% and 34%, respectively (p<0.001). The probability of
readmission was higher in the DAMA group than in the non-
DAMA group across the entirety of the 10-month observation
period (Fig. 1, p<0.001).
The primary reason for the first readmission was signifi-

cantly different between DAMA and non-DAMA groups
(p<0.001). The most common reason in both groups was
endocarditis; however, this comprised a larger share of read-
missions after DAMA (44%), compared with non-DAMA
(29%). The second most common reason was septicemia,
comprising 23% of post-DAMA readmissions, compared with
19% of non-DAMA readmissions.

Readmission Trajectories and Costs

More persons in the DAMA group had three or more hospital-
izations during the ten-month observation period, compared
with non-DAMA (31% vs. 18%, p<0.001) (Table 2). Howev-
er, those in the DAMA group spent fewer total days hospital-
ized during the period (median 19 vs. 25, p<0.001) and ac-
crued less total hospital costs over the course of the period
(median $51,472 vs. $68,975, p<0.001). Readmissions mostly
occurred early in the DAMA group (Fig. 1) and a minority
(49%) took place at the same hospital as the index hospitali-
zation, significantly less than the non-DAMA group (64%,

Table 2 Outcomes Following Hospitalization for Opioid-Associated
Infective Endocarditis, by Discharge Type*

DAMA Non-
DAMA

p
value

n = 723 n = 2499

Weighted
n = 1331

Weighted
n = 4686

30-day readmission 50% 21% <0.001
90-day readmission** 59% 34% <0.001
Three or more hospitalizations 31% 18% <0.001
Total hospitalized days during
period, median (IQR)

19 (6–40) 25 (12–44) <0.001

Total hospital costs during
period, median

$51,472 $68,975 <0.001

First readmission to same
hospital, among readmitted

0 1 <0.01

Died during subsequent
hospitalization, among
readmitted***

8% 7% 0.42

Legend: Abbreviations: DAMA, discharge against medical advice
*Results are given as proportions of weighted hospitalizations, unless
otherwise noted
†Insufficient follow-up for 147 DAMA and 477 non-DAMA
‡Missing for 2 DAMA and 3 non-DAMA
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p<0.001). There was no difference between groups in the
proportion who died during a subsequent hospitalization.

Factors Associated with 30-Day Readmission

In the bivariate models, DAMA was associated with readmis-
sion (Odds Ratio [OR] 3.68, 95% confidence intervals [CI]
3.01–4.50), as was a higher comorbidity score (OR 1.41, CI
1.10–1.81) (Table 3). The receipt of heart valve surgery during
the index admission was linked with lower odds of readmis-
sion, as was a longer length of stay during the initial hospital-
ization and having private insurance. In the adjusted logistic
regression model, the magnitude of the association between
DAMA and readmission (OR 3.72, CI 3.04–4.56) was similar
to the unadjusted association.

DISCUSSION

In this nationally representative analysis of over 6000 weight-
ed persons hospitalized with O-IE, DAMA was exceptionally
common, occurring in one of five hospitalizations. This find-
ing is consistent with previously-described DAMA rates in
both national and local studies.2,9,10 In addition, we found a
strong link between DAMA and short-term readmission. This
latter finding suggests that preventing DAMA and addressing
its underlying causes could improve treatment completion

rates during the initial O-IE hospitalization and lessen the risk
of adverse outcomes and readmissions.
Our findings for O-IE starkly contrast with DAMA and

readmissions among all-cause hospitalizations. Among all-
cause hospitalizations, 1-2% of discharges are for DAMA,
with 20% readmitted within 30 days.21,27 In contrast, the rate
of DAMA for O-IE (22%) is approximately 10-20 times
higher than for all conditions, and the 30-day readmission rate
for O-IE (50%) is more than double that for all conditions.21,27

We found nearly a third accrued at least two readmissions
during the 10-month follow-up period. This pattern suggests
that DAMA is not an isolated event, but rather occurs in a
cycle of protracted and fragmented inpatient care. That frag-
mentation is reflected in the high proportion (>50%) of read-
missions among DAMA patients occurring at hospitals other
than the index hospital. In contrast, 36% of readmissions
among non-DAMA patients occurred at a different hospital.
Similar although less extreme patterns have been observed for
readmissions among DAMA and non-DAMA patients follow-
ing all-cause hospitalizations.21 Given the complexity of treat-
ing O-IE (which is most typically caused by Staphylococcus
aureus28–30) and the severity of its sequelae, uncoordinated
care due to interruptions and transitions between institutions
may be especially harmful. Our findings also suggest that, in
designing studies to assess O-IE readmissions, particularly
following DAMA, it is unrealistic to assume that readmissions
will predominantly occur at the index hospital.

Figure 1 Time to first readmission following opioid use disorder-associated infective endocarditis. Figure legend: Cumulative all-cause
readmissions following inpatient discharge for a hospitalization for opioid use disorder-associated infective endocarditis. Data is drawn from
the 2016 National Readmissions Database (Agency for Healthcare Research and Quality). Shaded areas represent 95% Hall-Wellner bands.
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A quarter of those undergoing DAMA were uninsured,
compared with 15% among non-DAMA. The threat of high
self-pay costs may contribute to DAMA. Alternatively, non-
insurance may be a surrogate for other sociodemographic
factors that may modulate DAMA, such as inadequate care
for OUD and unstable housing.
The median costs accrued among DAMA patients, over

$50,000, is likely an underestimate considering that some
participants were followed for as little as one month. Although
not captured in our data, we speculate that the long-term costs
likely continue to mount for DAMA patients as readmissions
will occur in subsequent calendar years, whereas patients who
do not leave against medical advice and receive a full course of
therapy accrue fewer total hospitalizations. The NRD does not
permit assessments across calendar years barring assessment
of longer-term costs, and further study with longer-term data-
sets is needed to investigate long-term costs of care. Nonethe-
less, the care of O-IE has the potential to strain healthcare
systems, which may receive little remuneration for the care of

uninsured patients. Providers and administrators should there-
fore invest in addressing the factors that lead to DAMA to
ensure that patients’ index hospitalization results in definitive
treatment.
Our findings suggest a need for inpatient management

strategies to reduce DAMA. The receipt of inpatient pharma-
cotherapy for OUD has been associated with lower DAMA
and readmission,31,32 although the long-term effect remains
uncertain as patients also need ongoing engagement in OUD
care after discharge.33 A recent large study of hospitalizations
for injection drug-related IE found that nearly a third of
DAMAs occurred in the first 2 days of hospitalizations,9

suggesting that short-term withdrawal symptoms may have
precipitated the early discharge, and highlighting a small
window of opportunity to prevent DAMA for certain patients.
In our study, while a quarter of DAMA patients left within 2
days, the median length of stay was 6 days, suggesting that
early post-admission withdrawal is unlikely the primary or
sole factor driving DAMA. Additionally, patients with O-IE

Table 3 Weighted Logistic Regression Model for Factors Associated with 30-Day Readmission

Bivariate Adjusted

Parameter OR (95% CI) OR (95% CI)
Against medical advice discharge
No 1 (Ref) 1 (Ref)
Yes 3.68 (3.01–4.50) 3.72 (3.04–4.56)

Age Category
17–25 0.96 (0.72–1.28) 1.09 (0.78–1.53)
26–35 1.17 (0.92–1.49) 1.25 (0.95–1.64)
36–45 1.14 (0.86–1.51) 1.23 (0.90–1.66)
46–55 1 (Ref) 1 (Ref)

Gender
Male 1 (Ref) 1 (Ref)
Female 0.93 (0.79–1.10) 0.86 (0.72–1.02)

Residence
Metropolitan 1 (Ref) 1 (Ref)
Nonmetropolitan 0.77 (0.59–1.02) 1.12 (0.85–1.49)
Unknown 0.74 (0.41–1.34) 0.90 (0.46–1.73)

Insurance payer
Medicare 1 (Ref) 1 (Ref)
Medicaid 0.77 (0.56–1.05) 0.72 (0.51–1.01)
Private 0.59 (0.40–0.88) 0.63 (0.41–0.98)
Self-pay 0.72 (0.51–1.00) 0.58 (0.39–0.85)
No charge 0.62 (0.31–1.24) 0.60 (0.29–1.24)
Other 0.66 (0.40–1.11) 0.64 (0.36–1.13)
Missing 0.53 (0.10–2.85) 0.45 (0.05–4.03)

Charlson comorbidity score
≤2 1 (Ref) 1 (Ref)
>2 1.41 (1.10–1.81) 1.65 (1.27–2.13)

Drug use
Opioids 1 (Ref) 1 (Ref)
Opioids and ≥1 other drug category 0.99 (0.83–1.19) 0.98 (0.81–1.19)

Alcohol use disorder
No 1 (Ref) 1 (Ref)
Yes 0.98 (0.71–1.37) 0.97 (0.69–1.38)

Mood, anxiety, or psychotic diagnosis
No 1 (Ref) 1 (Ref)
Yes 1.04 (0.87–1.24) 1.10 (0.92–1.32)

Heart valve surgery during index hospitalization
No 1 (Ref) 1 (Ref)
Yes 0.58 (0.41–0.82) 0.76 (0.51–1.13)

Length of stay of index hospitalization
≤14 days 1 (Ref) 1 (Ref)
> 14 days 0.66 (0.54–0.80) 0.84 (0.68–1.04)

Legend: Estimates with a 95% confidence interval outside of 1 are in boldface
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are often hospitalized for their entire course of therapy, which
presents significant lifestyle challenges. One possible remedy
is to identify patients who are candidates for outpatient paren-
teral antibiotics34, thereby reducing their burden of inpatient
care.
People hospitalized with substance use disorders fre-

quently experience stigmatizing interactions with hospital
staff.12 In a survey of persons with soft tissue infections, 54%
cited “judgment or mistreatment” as motivating DAMA, and
60% said those concerns led to subsequently delaying or avoid-
ing care.13 Some hospitals impose restrictions upon persons
who use drugs such as limiting visitors, requiring security
searches, and temporarily confiscating cellphones.35 Such pol-
icies likely compound experiences of stigma and they report-
edly motivate DAMA.12 The numerous negative experiences
that culminate in DAMA may explain why patients may un-
derstandably seek readmission at a different hospital. Increas-
ingly, hospitals are piloting multidisciplinary efforts to address
the holistic needs of O-IE patients to integrate medications for
OUD, peer support, harm reduction, and linkage to post-
discharge care.36,37

In infective endocarditis, the standard of care is often six
weeks of parenteral antibiotics.38 Yet after DAMA, 40% of
study O-IE patients were not readmitted within three months.
The longitudinal outcomes of these patients are unknown.
Patients who are never readmitted may have adverse out-of-
hospital outcomes, such as progressive endocarditis or over-
dose. Alternatively, it is feasible that some either clear or
temporize their infection following the short hospitalization.
Clinical trials have supported two-week therapy for uncom-
plicated tricuspid endocarditis in select cases of injection drug-
related IE.38 In our analysis, >25% of patients stayed for over
two weeks prior to DAMA, suggesting that some may have
completed a substantial fraction of their treatment. Addition-
ally, some may receive oral antibiotics at the time of DAMA.
A recent observational study found improved outcomes
among patients who received antibiotics at the time of DAMA,
compared with those who did not.39

The value of designating discharges as against medical
advice has been reevaluated, with critics noting that it dispro-
portionately impacts socially vulnerable individuals, may fur-
ther alienate them from care, and adds no benefit to patients.40

In the case of substance use-related infections, which impact a
population that is already reluctant to seek medical care due to
negative healthcare experiences,13 the risk of further stigma-
tizing them to the healthcare system could be dire. All dis-
charges should focus on advancing patient care, even when
patient preferences do not align with those of the provider.40

Some have advocated for the term “patient-directed dis-
charge” to replace DAMA.16,41 To be consistent with data
elements in the NRD, we opted to use the term DAMA in this
article. However, a reconsideration of both the concept and
terminology surrounding DAMA is necessary.
Importantly, providers caring for O-IE patients should de-

velop best practices for engaging patients at the time of

DAMA in a plan for follow-up care, linkage to resources, such
as harm reduction programs, and prescription of necessary oral
medications. In one cross-sectional study against medical
advice discharges from a large academic hospital, only a third
were given a follow-up appointment at discharge.42 Further
research is needed to both qualitatively examine the contem-
porary reasons that motivate DAMA among patients with
invasive drug-related infections, such as O-IE, and to trial
interventions to enhance engagement in inpatient and post-
discharge care.
This study is subject to several limitations. First, the perfor-

mance of the algorithm identifying O-IE cases cannot be
validated in this database. However, the demographics of O-
IE patients did resemble closely the socio-demographic profile
of persons with injection drug-related IE seen in numerous
other studies.43 Second, we were unable to confirm that the O-
IE hospitalization that we designated as the index was not a
readmission or recurrent infection. The vast majority of read-
missions occurred within the first 30 days; therefore, our
approach of excluding hospitalizations occurring in January
likely excludedmost readmissions from being labeled as index
hospitalizations. Third, we focused only on OUD-associated
IE, but this does not represent all injection drug-related IE.
Fourth, our population may be underpowered to detect fine
associations. Finally, we only identified readmissions within
the same state as the index hospitalization. Although this
undercounts readmissions, we believe the number of out-of-
state readmissions is low.

CONCLUSIONS

DAMA is common in O-IE, occurring in nearly a quarter of
persons, and is linked to frequent and early readmission.
Patients who experience DAMA are at risk of uncoordinated
and protracted care for a severe infection. Inadequate addiction
care in the hospital may contribute to DAMA, but DAMA
may also be a symptom of structural failings in how inpatient
care is delivered to vulnerable patients with OUD. Stemming
premature discharge will improve the initial care for O-IE and
likely reduce further hospitalizations. Finally, efforts to re-
frame DAMA and enhance patient engagement post-
hospitalization can help imbue patient-centered care into
patient-directed discharges.
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