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ORIGINAL ARTICLE

Thirty-Day Readmission Rate in Acute Heart
Failure Patients Discharged Against Medical
Advice in a Matched Cohort Study
Brijesh Patel, DO; George Prousi, MD; Mahek Shah, MD; Paul Secheresiu, DO;
Lohit Garg, MD; Manyoo Agarwal, MD; Shantanu Patil, MD; Rahul Gupta, MD;
and Bruce Feldman, DO
Abstract
Objective: To determine the readmission rate in patients with acute heart failure (AHF) discharged against
medical advice (AMA).
Methods: We performed a retrospective analysis using the 2014 National Readmission Database. Patients
admitted with a primary diagnosis of AHF were selected. Only those discharged to home and who left
AMA were included in the study. The primary outcome was 30-day readmission. We compared the
readmission rates among those discharged AMA vs routinely discharged patients using propensity score
matching (PSM) to address imbalance in variables between the 2 groups. We matched 3 routinely
discharged patients to 1 patient who left AMA.
Results: We identiﬁed 273,489 patients with AHF, of whom 116,869 qualiﬁed for further study analysis.
A total of 2014 patients (1.7%) were in the AMA group and 114,855 (98.3%) were in the routinely
discharged group. After PSM, 6042 routinely discharged patients were matched with 2014 patients from
the AMA group. The standard mean difference for each variable was less than 10% postmatching. The
30-day readmission rate among those who left AMA was higher than among those routinely discharged
(33% vs 20.1%; P<.001). Heart failure (44.8%) was the most common cause of readmission in the AMA
group. Patients who left AMA were more likely to be readmitted to a different hospital compared with
those routinely discharged (37.4 vs 23.1%; P<.001). They also had a high rate of leaving AMA during the
readmission (18 vs 2%; P<.001).
Conclusion: Patients with AHF discharged AMA had a signiﬁcantly higher 30-day readmission rate than
did the routinely discharged group.
ª 2018 Mayo Foundation for Medical Education and Research

A

n estimated 1% to 2% of admitted
patients leave against medical advice
(AMA) throughout the United
States.1 With varying degrees of severity and
consequences linked to speciﬁc disease, leaving AMA has been shown to impact 30-day
readmission rates and increases the risk for
worse outcomes.2 Studies have shown a
higher rate of leaving AMA among patients
who are African American, among those
belonging to low socioeconomic status, among
those with presence of underlying psychiatric
disorders, and among those with comorbid
alcohol abuse.3 Although many studies have
researched demographic inﬂuences accounting for these occurrences, very few have

n
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focused on the downstream effects related to
leaving AMA in the setting of disease states
such as heart failure (HF).
Heart failure affects approximately 6
million adults in the United States, contributes
to 1 in 9 deaths, and is estimated to cost more
than $30 billion each year. As the leading
cause of hospitalization among adults older
than 65 years, it is estimated that more than
1 million individuals are hospitalized annually
with a primary diagnosis of acute heart failure
(AHF).4,5 This is further complicated by an
even greater risk of 1-month and 6-month
readmissions rate of more than 20% and
more than 50%, respectively, in AHF. Despite
continued research on identiﬁcation of risk
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TABLE 1. Diagnosis Codes Used in the Study
Diagnosis

ICD-9 or CCS codes

Acute heart failure
Acute myocardial infarction
Readmission etiologies
Heart failure etiology
Arrhythmias
AMI or CAD
Other cardiac etiologies
Infectious etiologies
TIA or stroke

ICD-9 codes: 428.21, 428.23, 428.31, 428.33, 428.41, 428.43
ICD-9 codes: 410.X1 (410.01-410.91), 411.1, 410.70-410.72
CCS: 108
CCS: 105-107
CCS: 100, 101
CCS: 96-99, 102-105
CCS: 2, 159, 197, 246
CCS: 109, 112

AMI ¼ acute myocardial infarction; CAD ¼ coronary artery disease; CCS ¼ Clinical Classiﬁcations Software; ICD-9 ¼ International
Classiﬁcation of Diseases, 9th revision; TIA ¼ transient ischemic attack.

factors for readmission, utilization of clinical
markers, and implementation of multimodal
HF teams comprising physicians, nurses, and
case managers, patients with HF continue to
get readmitted at high rates.6,7 For this reason,
a thorough evaluation of leaving AMA in the
HF patient population is warranted and direct
attention to this high-risk population. We
aimed to explore 30-day readmission among
patients with AHF who left AMA and to identify factors that predicted such readmission.
METHODS
National Readmission Database
The National Readmission Database (NRD) is
one of largest publicly available databases to
query for readmission-based analysis.8 The
data were obtained from various hospitals
across the country. It contains more than 14
million cases and is designed to represent
49.3% of all US hospitalizations. The NRD
includes patient demographic characteristics,
diagnoses and procedure codes, hospital-level
information, and hospital charges. Clinical
Classiﬁcations Software (CCS) is a meaningful
cluster of similar diagnosis that is provided as
additional variables for both diagnoses and
procedures. Importantly, the strength of the
database is that it provides reliable patient
tracking information for readmissions. To
protect patients’ privacy, the database has
deidentiﬁed personal information and date of
admissions; instead, alphanumerical codes
and numbers were created to represent these
variables, respectively. Please refer to Table 1
for complete lists of International Classiﬁcation
of Diseases, 9th revision (ICD-9) and CCS codes.
1398
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We used unweighted cases for conducting
analyses.
Index Admissions
The index admissions were deﬁned as the ﬁrst
admission carrying AHF as a primary diagnosis for a patient from January 01, 2014, to
November 30, 2014. We excluded December
2014 data because of incomplete follow-up
data within this patient population. Previous
studies have used similar techniques to
identify index admissions.9,10 The database
provides 1 primary diagnosis and 29 secondary diagnoses. Patients younger than 18 years,
those who died during index admission or
were discharged to inpatient/nursing facilities,
and had missing data for disposition status,
median household income, primary payer, or
elective status of admission were excluded
from the consideration of index admission. Patients who left AMA were categorized as the
“AMA” group vs those who had “routine”
discharge to home. The details on disposition
status available within the database can be
found online.11 To match the AMA group
with the routinely discharged group, we performed propensity score matching (PSM) to
balance baseline patient demographic characteristics, hospital characteristics, and comorbidities. The methodology of PSM is outlined
below.
READMISSIONS
Once the index admission cases were identiﬁed, these cases were followed using the
“NRD_Visitlink” variable, a unique alphanumerical assigned to an individual patient
within the database. In the case of multiple

October 2018;93(10):1397-1403

n

https://doi.org/10.1016/j.mayocp.2018.04.023
www.mayoclinicproceedings.org
Downloaded for library services (libraryservices@lvhn.org) at Lehigh Valley Health Network from ClinicalKey.com by Elsevier on
August 25, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

READMISSION RATE IN PATIENTS LEAVING AMA

TABLE 2. Baseline Patient and Hospital Characteristics for Routinely and AMA Discharged Patientsa
After propensity matchingb

Before propensity matching
Variable
Weekend admission
Elective admission
Female
Age group (y)
18-40
41-60
61 or more
Primary payer
Medicare
Medicaid
Private insurance
Self-pay
No-charge
Other
Median income for Zipcode
First quartile
Second quartile
Third quartile
Fourth quartile
Comorbidities
Alcohol abuse
Depression
Diabetes with complications
Hypertension
Obesity
Psychosis
Renal failure
Acute myocardial infarction
Hospital bedsize
Small
Medium
Large
Teaching status of hospitals
Metropolitan nonteaching
Metropolitan teaching
Rural

Routine discharge (%)
(n¼11,4855)

AMA (%)
(n¼2014)

23
4.6
42.8

23.7
2.5
24.7

3.6
25.6
70.8

7.7
46.1
46.2

66.6
12.5
13.8
4.4
0.5
2.2

51.7
29.1
8.5
6.7
0.6
3.3

32.5
27.1
22.3
18.1

43.1
25
18.8
13

4.4
8.5
11.2
79.3
23.8
2.7
38.8
3.8

10.3
6.6
12.2
77.5
22.3
7.7
34.4
4.8

14.1
29.2
56.7

11.9
28.5
59.6

31.5
60.5
8

33.6
61.2
5.2

P value
.46
<.001
<.001
<.001

Routine discharge (%)
(n¼6042)

AMA (%)
(n¼2014)

23.1
2.2
23.8

23.7
2.5
24.7

8.5
45.1
46.4

7.7
46.1
46.2

52.6
26.5
11
6.5
0.6
2.8

51.7
29.1
8.5
6.7
0.6
3.3

44.2
25
18
12.8

43.1
25
18.8
13

9.8
5.9
11.5
78
21.8
6.1
33.7
4.5

10.3
6.6
12.2
77.5
22.3
7.7
34.4
4.8

11.3
28.6
60.2

11.9
28.5
59.6

33.4
61.1
5.5

33.6
61.2
5.2

<.001

<.001

<.001
.002
.17
.05
.12
<.001
<.001
.03
.001

<.001

AMA ¼ against medical advice.
Standardized mean difference for each variable was <10%.

a

b

AHF readmissions for the same patient during
the study year, only the ﬁrst admission for the
year was included among index admissions.
The prespeciﬁed period of readmission was
30 days. The database provides an arbitrary
numerical timing variable representing “the
day of admission” (NRD_DaysToEvent) for
each admission. We calculated the time to
readmission as an interval between discharge
of index admission and the day of readmission. Etiology for readmission was determined

by the CCS codes within the primary diagnosis ﬁeld.
Outcomes
The primary outcome of the study was difference in 30-day readmission rates between the
AMA group and the routinely discharged
group, after propensity matching. The secondary outcomes were cost (index admissions and
30-day readmissions), and length of stay. We
compared the etiology for readmission among

Mayo Clin Proc. n October 2018;93(10):1397-1403 n https://doi.org/10.1016/j.mayocp.2018.04.023
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TABLE 3. Primary and Secondary Outcomes
Outcome
Primary outcome
Readmission rate (%)
Secondary outcomes
Hospital charges ($) (IQR), index admission
Hospital charges ($) (IQR), readmission
Length of stay (d) (IQR), index admission
Length of stay (d) (IQR), readmission
In-hospital mortality during readmission (%)
Patients left AMA when readmitted (%)

Routine discharge

AMA

P value

20.1

33

<.001

25,654 (15,258-44,052)
31,096 (16,807-66,221)
3 (2-5)
4 (2-7)
3.3
2.0

21,511 (12,261-38,108)
30,623 (16,807-62,254)
2 (1-4)
4 (2-6)
4.5
18.0

<.001
<.001
<.001
<.001
.18
<.001

AMA ¼ against medical advice; IQR ¼ interquartile range.

study groups, and reported whether patients
were readmitted to the same or different
hospital than their index hospitalization.
Statistical Analyses
We performed statistical analysis using SPSS 24
(IBM Corporation). We used c2 test for categorical variables and Mann-Whitney U test for
continuous variables because they followed
nonparametric distribution. The continuous
variables were reported as median and interquartile range (IQR). The categorical variables
were reported as percentages. The continuous
variables in this study were length of stay and
hospital charges. We analyzed the following
categorical variables: sex, weekend and elective
admissions, age groups (18-40 years, 41-60
years, and 61 years or older), primary insurance
payer, median income quartile based on zip
code, comorbidities (alcohol abuse, depression,
diabetes with complications, hypertension,
obesity, psychosis, renal failure, and acute
myocardial infarction), hospital bed size,
location, and hospital teaching status.
For PSM, a caliper width of 0.01, without
replacement, was used. For every case that left
AMA, 3 cases of routine discharge were
matched. All categorical variables mentioned
above were entered within the model. All
variables included within the model had an absolute standardized difference of less than 10%
after PSM. A P value of less than .05 was considered statistically signiﬁcant. We excluded cases
with missing values (<2.5%) for hospitalization
cost data from the cost analysis.
RESULTS
The 2014 NRD contains 14,894,613 admissions, out of which 273,489 had a primary
1400
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diagnosis of AHF. Among these AHF admissions, 222,113 cases were identiﬁed as the ﬁrst
admission for that year per patient. Following
application of the exclusion criteria, the ﬁnal
unmatched cohort included 116,869 AHF
admissions: 114,855 (98.3%) who were
routinely discharged and 2014 (1.7%) patients
who were discharged AMA (Table 2). The
imbalance among the baseline covariates in
these 2 groups was addressed using PSM where
1 case of AMA was matched with 3 cases from
the routine discharge group (2014 cases
matched with 6042 cases, respectively) as
shown in Table 2. There was no statistical difference between the 2 groups, except for the psychosis variable, which was noted to be higher in
the AMA group compared with routinely
discharged patients (7.7 vs 6.1%; P¼.01).
A total of 1881 (23.3%) patients were
readmitted within 30 days postdischarge in
the overall propensity matched cohort.
Postmatching, the readmission rate within
the AMA group was signiﬁcantly higher
compared with that in the routinely
discharged group (33% vs 20.1%; P<.001)
(Table 3). Readmission for HF was the most
common etiology among 30-day readmissions,
and was signiﬁcantly higher in the AMA group
(44.8% vs 37.4%; P¼.002) (Table 4).
Patients who were discharged AMA at the
time of index admissions were more likely to
be readmitted to a different hospital (37.4% vs
23.1%; P<.001). The hospital charges were
lower in the AMA group during index admission
($21,511 [IQR, $12,261-38,108] vs $25,654
[IQR, $15,258-44,052]; P<.001), and remained
marginally lower during readmission (AMA:
$30,623 [IQR, $16,807-62,254] vs Routine:
$31,096 [IQR, $16,807-66,221]; P<.001)
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TABLE 4. Readmission Etiologies Using Clinical Classiﬁcations Software
Cause for 30-d readmission (%)
Heart failure
Arrhythmias
CAD or MI
Other cardiac etiologies
Infectious etiology
Respiratory etiologies
TIA or stroke etiology
Other etiologies

Routine discharge
(n¼1216)

Discharged AMA
(n¼665)

P value

37.4
5.6
5.0
9.4
5
7.7
1.5
28.4

44.8
3.6
5.0
11.1
4.4
7.6
1.1
22.4

.002
.06
.96
.30
.63
.96
.44
.005

CAD ¼ coronary artery disease; MI ¼ myocardial infarction; TIA ¼ transient ischemic attack.

compared with the routinely discharged group.
The median length of stay was similarly shorter
among patients who left AMA (2 [IQR,1-4
days] vs 3 [IQR, 2-5 days]; P<.001) than among
routinely discharged patients during index
admission. The median length of stay during
readmission was the same in both groups
(AMA group: 4 [IQR, 2-6 days] vs Routine
discharge group: 4 [IQR, 2-7 days]; P<.001).
The rate of leaving AMA was higher among those
who left AMA during the index admission (18 vs
2%; P<.001) compared with routinely discharged patients, but there was no difference in
inpatient mortality between either group during
readmission within 30 days (4.5% vs 3.3%;
P¼.18, respectively) (Table 3).
DISCUSSION
About 1.72% of patients with AHF were
discharged AMA. Among patients with HF,
our study identiﬁed a 1.6-fold higher rate of
30-day readmission among those who left
AMA compared with those discharged home.
Per index admission, those who left AMA had
slightly lower mean hospital charges and a
shorter length of stay, likely secondary to leaving prematurely. A large proportion of these patients were readmitted with a primary diagnosis
of HF. The AMA group was more likely to be
readmitted to a different hospital compared
with patients routinely discharged home.
Patients who leave AMA have been linked to
an increased rate of readmission that is concentrated to the ﬁrst 2 weeks after discharge.12 Our
study of a nationwide population is the ﬁrst
publication to report that 1 in 3 patients with
AHF discharged AMA needed readmission
within 30 days. This is much higher than 30day readmission rates for the general

population of HF,13,14 or patients who were
discharged AMA (12%-21%).15,16 Studies
have shown that being discharged AMA and
HF independently predicted higher readmissions.2,16 Patients with acute HF who leave prematurely are a very vulnerable population from
the readmission standpoint. The progressive,
pathophysiologic nature and undertreated HF
can synergistically inﬂuence readmissions in
these patients. Indeed, HF was the most common etiology for readmission in the discharged
AMA patients in our study.
One of the major advantages of our study
is that we used one of the largest national
databases for studying readmission. The database reliably tracks subsequent readmissions
within the same calendar year, even if the
patients were not readmitted to the same
hospital. Our study population comprised
patients with AHF from across the United
States and is representative of national trends.
In the prematch cohort, 1.72% of patients
were discharged AMA. Most patients who
left AMA were younger (<60 years), and had
government-based insurance (Medicare or
Medicaid) as the primary payer. At baseline,
we noted that patients who left AMA were
more likely to be of the male sex, admitted
to large urban hospitals, and suffer from
alcohol abuse or psychosis but less likely to
have concurrent depression compared with
the routinely discharged group of patients. In
addition, patients in the lowest quartile for income, a surrogate marker for socioeconomic
status, were more likely to leave AMA. Several
studies have observed similar characteristics
among patients who have a tendency to leave
AMA.2,15-19 Accounting for roughly 0.8% to
2.2% of all discharges from teaching and acute
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care hospitals within the United States, the
rate of leaving AMA correlates inversely with
individual socioeconomic status.20-23 In a
retrospective study, patients with acute
myocardial infarction had a 19.5% readmission rate in the discharged AMA group
compared with the routinely discharged group
(10.7%).17 These patients had a higher rate of
mortality than did routinely discharged
patients. When we analyzed readmitted
patients, we found that those who left AMA
during index admission had a 9-fold higher
rate of leaving AMA again at their readmission.
It is an important clue for clinicians to identify
these patients and approach potential reasons
for such behavior in an effort to tackle related
problems and assist such vulnerable
populations.
When patients leave AMA, it is expected that
their length of stay is shorter than that of those
who are discharged routinely. Therefore,
incurred cost in this group is less upfront. However, leaving AMA is associated with worsened
downstream health-related consequences, eventually increasing health care costs.24 An observational study conducted by Bueno et al,25
between the years of 1993 and 2000, noted a
shortened length of stay among patients who
left AMA compared with the routinely discharged patient (6.33 vs 8.8 days, respectively);
however, 30-day readmission rates were also
higher among patients leaving AMA (20.1% vs
17.5%).25 The same trend was observed in a
study by Fiscella et al,17 who analyzed the readmission rate in discharged patients with acute
myocardial infarction. The authors reported
that the mean length of stay in the AMA
discharge group was 4 days compared with 8
days among those discharged routinely.17 Data
gathered from our study show a marked
decrease in length of stay between patients
who were discharged AMA and those who
were routinely discharged at 2 and 3 days,
respectively. Overall, readmission-related median cost among the 2 groups was comparable
with AMA hospital charges being $30,623 and
$31,096 for patients routinely discharged.
Despite the cost similarities, the higher rates of
readmission among patients who leave AMA ultimately subjects patients and institutions to
considerably higher cumulative costs. Contrary
to the usual perception in the medical community on who bears the ﬁnancial burden of
1402
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medical expenses in patients who leave AMA, it
is the insurance companies who pay for most
of these hospitalizations.26 Therefore, additional
costs incurred because of excessive readmission
become a shared burden of health care utilizers.
There are many reasons (such as drug addition, personal and professional obligations, and
miscommunication with health care providers)
behind patients wanting to leave AMA.27 Many
experts have emphasized the importance of
shared decision making and have aimed their
focus on facilitating better communication between patients and their care team.15 When
discharge AMA is imminent, outpatient followup and discussion about the treatment plans
should be discussed with the patients during
the beginning of the clinical encounter. A
mismatch between clinician’s judgment of patient’s health and patients’ perception of their
own health has been also associated with discharges AMA.28 Besides this, a poor doctorpatient relationship and an insufﬁcient rapport
have been implicated in the patients’ decisions
to leave AMA,27 resulting in fragmentation of
care. We found that those who left AMA tend
to be readmitted to different hospitals (37.4%
vs 23.1%), consistent with the patients possibly
being discontent with their initial encounters
with health care personnel. Perhaps, investing
in resources to identify at-risk patients and
address above-mentioned factors could help
hospitals to reduce readmission-related penalties, and improve patient care delivery. Most
hospitals still struggle with AHF readmissions,
with only 1.4% of all hospitals succeeding at
reducing readmission by 20%.14 Although the
cohort of patients who leave AMA is small,
they possess certain identiﬁable risk factors (eg,
alcohol abuse and history of leaving AMA). If
we implement strategies that discourage patients
from leaving AMA, we could reduce overall readmission. Additional research is still needed to
create and prospectively validate a risk-based
model to identify patients at risk for leaving
AMA.
Study Limitations
Our study has important limitations. The
cohort selection was using diagnosis codes,
which is dependent on the accuracy of coding.
We matched important variables between the
2 groups, but PSM analysis cannot account
for unmatched and unmeasured confounding
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variables such as circumstances around leaving
AMA. The database does not provide information on patient’s functional capacity, vital
signs, medication use, dosage or compliance,
and reason for leaving AMA. Therefore, our
analysis could not enter these important variables into the PSM model. The cost analysis
was based on the hospital charges, but we
could not verify the actual amount paid by
the insurance companies. The database is accurate for readmission rate but does not provide information on outcomes besides
rehospitalization. In other words, we could
not conﬁrm outcomes of patients who were
not readmitted. At the time of adoption and
conceptualization of the project, we had access
to the 2014 data only; therefore, its generalizability to the present time is limited.
CONCLUSION
A small percentage of patients with AHF left
AMA, but a third of these patients were readmitted within 30 days.
Abbreviations and Acronyms: AHF = acute heart failure;
AMA = against medical advice; CCS = Clinical Classiﬁcations
Software; HF = heart failure; ICD-9 = International Classiﬁcation of Diseases, 9th revision; IQR = interquartile range;
NRD = National Readmission Database; PSM = propensity
score matching
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