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Abstract
Objective: To examine the predictors, treatments, and outcomes of the use of palliative care in patients
hospitalized with acute myocardial infarction (AMI) who had a do-not-resuscitate (DNR) order.
Patients and Methods: Using the National (Nationwide) Inpatient Sampling database for 2015-2018,
we examined the predictors, in-hospital procedures, and outcomes of palliative care recipients among
patients with AMI who had a DNR order.
Results: We identiﬁed 339,270 admissions with AMI that had a DNR order, including patients who
received palliative care (n¼113,215 [33.4%]). Compared with patients who did not receive palliative
care, these patients were more frequently younger (median age, 81 vs 83 years; P<.001), were less
likely to be female (50.9% [57,626 of 113,215] vs 54.7% [123,652 of 226,055]; P<.001), and were
more likely to present with cardiac arrest (11.6% [13,133 of 113,215] vs 6.9% [15,598 of 226,055];
P<.001). Patients were more likely to receive palliative care at a large (odds ratio [OR], 1.47; 95% CI,
1.44 to 1.50) or teaching (OR, 2.10; 95% CI, 2.04 to 2.16) hospitals compared with small or rural ones.
Patients receiving palliative care were less likely to be treated invasively, with reduced rates of invasive
coronary angiography (OR, 0.46; 95% CI, 0.45 to 0.47) and percutaneous coronary intervention (OR,
0.47; 95% CI, 0.45 to 0.48), and were more likely to die in the hospital (52.4% [59,325 of 113,215] vs
22.9% [51,766 of 226,055]).
Conclusion: In patients who had a DNR status and were hospitalized and received a diagnosis of AMI,
only one-third received palliative care.
ª 2022 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/) n Mayo Clin Proc. 2022;nn(n):1-10

D

espite advances in pharmacological
treatments and timely revascularization, acute myocardial infarction
(AMI) remains one of the leading causes of
death in the United States.1 Documentation
of a do-not-resuscitate (DNR) order is part
of end-of-life care that allows patients to
forgo cardiopulmonary resuscitation in the
event of a cardiac arrest.2 Hospitalized patients with AMI who have a DNR order
represent a heterogeneous group of patients
who are generally older, have multiple

comorbidities, are less likely to receive invasive management, and have a signiﬁcantly
greater mortality burden.3
Integration of palliative care services in
the care of patients with advanced illnesses
has been found to have numerous beneﬁts,
including, but not limited to, helping alleviate the physical and psychological discomfort of patients and their families in addition
to assisting in the transition of care after an
intensive care unit (ICU) stay.4,5 Although
the use of both DNR orders3,6 and palliative

From the Department of
Cardiology, Hillel Yaffe
Medical Centre, Hadera,
Israel (O.K., A.R.); Keele
Cardiovascular Research
Group, Centre for Prognosis Research, Keele
University, Keele, UK
(O.K., S.M.M., M.O.M.,
M.A.M.); Department of
Medicine, Queens UniAfﬁliations continued at
the end of this article.

Mayo Clin Proc. n XXX 2022;nn(n):1-10 n https://doi.org/10.1016/j.mayocp.2022.08.018
www.mayoclinicproceedings.org n ª 2022 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1

MAYO CLINIC PROCEEDINGS

care5 has been investigated independently
previously in patients with AMI, little is
known about the use of palliative care in patients hospitalized with AMI and a concomitant DNR order.
Thus, using data from a large nationwide
database, we examined the predictors, treatments, and outcomes of the use of palliative
care in patients hospitalized with AMI who
had a DNR order.
PATIENTS AND METHODS
The National (Nationwide) Inpatient Sample
(NIS), the largest all-payer inpatient health
care database in the United States, was developed by the Healthcare Cost and Utilization
Project and sponsored by the Agency for
Healthcare Research and Quality.7 Since
2012, the NIS samples discharge from all
hospitals participating in the Healthcare
Cost and Utilization Project, approximating
a 20% stratiﬁed sample of all discharges
from US community hospitals.
We analyzed all adult (18 years) patients
hospitalized with a principal diagnosis of AMI
who also had a DNR status from October 1,
2015, through December 31, 2018. Patient
and procedural characteristics were extracted
using the International Classiﬁcation of Diseases, Tenth Revision codes provided in
Supplemental Table 1 (available online at
http://www.mayoclinicproceedings.org). Information on patient demographic characteristics were recorded for each hospital discharge,
including age, sex, race, admission day (weekday or weekend), expected primary payer, and
median household income according to zip
code. Patients with missing data for age, sex,
elective admission, weekend admission, and
mortality status were excluded from the analysis. Patients with type 2 myocardial infarction
(MI) or elective admissions were also excluded
from the analysis (Supplemental Figure 1,
available online at http://www.mayoclinicpro
ceedings.org). Each discharge record had information on up to 30 diagnoses. A full list of
International Classiﬁcation of Diseases, Tenth
Revision, Clinical Modiﬁcation codes used to
identify receipt of palliative care as well as
other patient characteristics and complications
is provided in Supplemental Table 1. We also
2
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used International Classiﬁcation of Diseases,
Tenth Revision, Clinical Modiﬁcation codes to
identify procedural information during
hospitalization.
The main outcome measured was inhospital all-cause mortality. Other outcomes
included in-hospital major adverse cardiovascular and cerebrovascular events (MACCEs),
acute ischemic cerebrovascular accident
(CVA), and major bleeding. We deﬁned
MACCE as a composite of all-cause mortality
and acute ischemic CVA or transient ischemic
attack. Major bleeding events were deﬁned as a
composite of gastrointestinal, retroperitoneal,
intracranial, and intracerebral hemorrhage;
periprocedural hemorrhage; unspeciﬁed hemorrhage; or need for a blood transfusion. Destination of discharge and receipts of invasive
procedures such as invasive coronary angiography (ICA), percutaneous coronary intervention (PCI), coronary artery bypass grafting
(CABG), mechanical ventilation, and circulatory support were also measured.
Continuous variables are presented as
median and interquartile range due to
skewed data, and categorical data are presented as frequencies and percentages. Categorical variables were compared using the
Pearson c2 test, while continuous variables
were compared using the Student t test or
the Mann-Whitney U test, as appropriate.
Sampling weights were used to calculate
the estimated total discharges as speciﬁed
by the Agency for Healthcare Research and
Quality. Multivariable logistic regression
models were used to examine the association
between demographic characteristics and
comorbidities and receipt of palliative care,
as well as the association between receipt
of palliative care and in-hospital outcomes
and procedures among patients with DNR
status, all expressed as odds ratios (ORs)
with corresponding 95% CIs. The models
were adjusted for baseline differences between the groups, controlling for the
following covariates: age; sex; weekend
admission; hospital size (number of beds);
region and location/teaching status; STelevation MI (STEMI); cardiogenic shock;
use of intra-aortic balloon pump, CABG,
PCI, or ICA; ventricular ﬁbrillation;
XXX 2022;nn(n):1-10
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ventricular tachycardia; atrial ﬁbrillation;
heart failure; hypertension; dyslipidemia;
diabetes mellitus; valvular heart disease;
smoking status; chronic lung disease;
chronic liver disease; chronic renal failure;
anemia; obesity; thrombocytopenia; coagulopathies; and malignancies.
All statistical analyses were performed
with IBM SPSS statistical software, version
26. Statistical signiﬁcance was set at the
2-tailed P¼.05 level, without multiplicity
adjustment.
RESULTS
Between October 2015 and December 2018,
2,959,244 patients were admitted to US hospitals and during the hospitalization received
a principal diagnosis of AMI. Application of
relevant inclusion and exclusion criteria
(Supplemental Figure 1) produced a study
cohort of 339,270 patients, 113,215
(33.4%) of whom received palliative care.
Differences in clinical characteristics between the 2 groups (those with and without
palliative care) at admission are presented in
Table 1. Recipients of palliative care were
younger (median age, 81 vs 83 years;
P<.001), less likely to be female (57,626 of
113,215 [50.9%] vs 123,652 of 226,055
[54.7%]; P<.001), less often White (89,664
of 113,215 [79.2%] vs 185,366 of 226,055
[82.0%]; P<.001), and less likely to have
Medicare insurance (92,096 of 113,215
[81.4%] vs 197,701 of 226,055 [87.7%];
P<.001), while the highest proportion of patients receiving palliative care were admitted
to large (61,703 of 113,215 [54.5%] vs
110,541 of 226,055 [48.9%]; P<.001) and
teaching (81,062 of 113,215 [71.6%] vs
142,640 of 226,055 [63.1%]; P<.001) hospitals. Patients who received palliative care
were more likely to be admitted with STEMI
(23,090 of 113,215 [20.4%] vs 33,004 of
226,055 [14.6%]; P<.001) and to experience
cardiac arrest (13,133 of 113,215 [11.6%] vs
15,598 of 226,055 [6.9%]; P<.001), cardiogenic shock (19,248 of 113,215 [17.0%] vs
19,441 of 226,055 [8.6%]; P<.001), or ventricular arrhythmias (ventricular ﬁbrillation,
5,887 of 113,215 [5.2%] vs 6,556 of 226,055
[2.9%]; ventricular tachycardia, 9,855 of
Mayo Clin Proc. n XXX 2022;nn(n):1-10
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TABLE 1. Characteristics of 339,270 Study Patients With DNR Orders, Stratiﬁed
by Receipt of Palliative Carea,b
Variable
No. of weighted records
Age (y), median (IQR)

No palliative care
226,055 (66.6)
83 (74-90)

Palliative care
113,215 (33.4)
81 (71-89)

Female

123,652 (54.7)

57,626 (50.9)

Race
White
Black
Hispanic
Asian/Paciﬁc Islander
Native American
Other

185,366
16,728
13,111
5,651
904
4,295

(82.0)
(7.4)
(5.8)
(2.5)
(0.4)
(1.9)

89,664
10,982
6,340
3,283
453
2,493

(79.2)
(9.7)
(5.6)
(2.9)
(0.4)
(2.2)

51,315
60,131
75,728
38,881

(22.7)
(26.6)
(33.5)
(17.2)

22,545
30,723
41,368
18,579

(19.9)
(27.1)
(36.5)
(16.4)

Hospital location
Northeast
Midwest
South
West

P value
NA
<.001
<.001
<.001

<.001

<.001

Hospital size
Small
Medium
Large

47,019 (20.8)
68,495 (30.3)
110,541 (48.9)

18,114 (16.0)
33,398 (29.5)
61,703 (54.5)

Hospital location/teaching status
Rural
Urban nonteaching
Teaching

27,353 (12.1)
56,062 (24.8)
142,640 (63.1)

7,585 (6.7)
24,568 (21.7)
81,062 (71.6)

Weekend admission

61,939 (27.4)

30,790 (27.2)

Median zip code income
1st quartile
2nd quartile
3rd quartile
4th quartile

61,919
63,190
55,835
45,111

(27.4)
(28.0)
(24.7)
(20.0)

31,134
30,565
27,851
23,665

(27.5)
(27.0)
(24.6)
(20.9)

Expected primary payer
Medicare
Medicaid
Private
Uninsured
No charge
Other

197,701
7,380
14,920
2,713
226
3,115

(87.5)
(3.3)
(6.6)
(1.2)
(0.1)
(1.4)

92,096
5,492
10,805
1,801
105
2,916

(81.4)
(4.9)
(9.5)
(1.6)
(0.1)
(2.6)

Record characteristics
STEMI
Cardiac arrest
Ventricular ﬁbrillation
Ventricular tachycardia
Cardiogenic shock

33,004
15,598
6,556
14,015
19,441

(14.6)
(6.9)
(2.9)
(6.2)
(8.6)

23,090
13,133
5,887
9,855
19,248

(20.4)
(11.6)
(5.2)
(8.7)
(17.0)

<.001
<.001
<.001
<.001
<.001

33,682
19,989
127,721
48,602
83,414
186,948
118,452

(14.9)
(8.4)
(56.5)
(21.5)
(36.9)
(82.7)
(52.4)

13,925
9,398
64,080
20,718
42,342
87,170
48,342

(12.3)
(8.3)
(56.6)
(18.3)
(37.4)
(77.0)
(42.7)

<.001
.71
.5
<.001
<.001
<.001
<.001

<.001

.16
<.001

<.001

Comorbidities
Previous MI
Cerebrovascular disease
Heart failure
Valvular disease
Atrial ﬁbrillation/ﬂutter
Hypertension
Dyslipidemia
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TABLE 1. Continued
Variable
Comorbidities, continued
Diabetes
Smoking
Peripheral vascular disease
Chronic lung disease
Chronic renal failure
Obesity
Anemia
Thrombocytopenia
Coagulopathy
Dementia
Chronic liver disease
Homelessness
Solid malignancy
Hematologic malignancies
Metastatic cancer

No palliative care

Palliative care

P value

85,448
80,928
26,222
66,913
90,189
20,334
84,994
19,2107
7,911
55,603
2,476
385
13,770
5,185
7,469

(37.8)
(35.8)
(11.6)
(29.6)
(39.9)
(9.0)
(37.6)
(8.5)
(3.5)
(24.6)
(1.1)
(0.2)
(6.1)
(2.3)
(3.3)

28,070
38,708
12,230
32,275
43,020
8,945
44,275
12,785
7,360
28,525
1,590
232
11,770
3,857
8,040

(24.8)
(34.2)
(10.8)
(28.5)
(38.0)
(7.9)
(39.1)
(11.3)
(6.5)
(25.2)
(1.4)
(0.2)
(10.4)
(3.4)
(7.1)

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
.03
<.001
<.001
<.001

47,026
25,989
2,476
206

(20.8)
(11.5)
(1.1)
(0.1)

16,650
9,175
915
42

(14.7)
(8.1)
(0.8)
(0.04)

<.001
<.001
<.001
<.001

In-hospital procedures
Coronary angiography
PCI
CABG
Thrombolysis
a

CABG, coronary artery bypass grafting; DNR, do-not-resuscitate; IQR, interquartile range;
MI, myocardial infarction; NA, not applicable; PCI, percutaneous coronary intervention;
STEMI, ST-segment elevation MI.
b
Data are presented as No. (percentage) of patients unless indicated otherwise.

113,215 [8.7%] vs 14,015 of 226,055 [6.2%];
both P<.001).
Patients who received palliative care had
a lower prevalence of previous MI (13,925 of
113,215 [12.3%] vs 33,682 of 226,055
[14.9%]; P<.001), valvular heart disease
(20,718 of 113,215 [18.3%] vs 48,602of
226,055 [21.5%]; P<.001), and cardiovascular risk factors including hypertension
(87,170 of 113,215 [77.0%] vs 186,948 of
226,055 [82.7%]; P<.001), dyslipidemia
(48,342 of 113,215 [42.7%] vs 118,452 of
226,055 [52.4%]; P<.001), and diabetes
mellitus (28,070 of 113,215 [24.8%] vs
85,448 of 226,055 [37.8%]; P<.001).
Conversely, they had a higher prevalence
of thrombocytopenia (12,785 of 113,215
[11.3%] vs 19,2107 of 226,055 [8.5%];
P<.001), coagulopathy (7,360 of 113,215
[6.5%] vs 7,911 of 226,055 [3.5%];
P<.001), and malignancies (solid, 11,770
of 113,215 [10.4%] vs 13,770 of 226,055
[6.1%]; hematologic, 3,857 of 113,215
4
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[3.4%] vs 5,185 of 226,055 [2.3%]; metastatic, 8,040 of 113,215 [7.1%] vs 7,469 of
226,055 [3.3%]; all P<.001) compared with
those who did not receive palliative care.
The destination of discharge for patients
is shown in Supplemental Figure 2 (available
online at http://www.mayoclinicproceedings.
org). Recipients of palliative care were less
likely to be discharged home (3,290 of
113,215 [2.9%] vs 42,510 of 226,055
[18.8%]) and to receive home health care
(16,417of 113,215 [14.5%] vs 38,437 of
226,055 [17.0%]) and were more likely to
die in the hospital (59,325 of 113,215
[52.4%] vs 51, 766 of 226,055 [22.9%]).
Factors independently associated with
receipt of palliative care are summarized in
Supplemental Table 2 (available online at
http://www.mayoclinicproceedings.org). Positive predictors included Black (OR,1.12;
95% CI, 1.09 to 1.15) or Asian/Paciﬁc
Islander (OR, 1.17; 95% CI, 1.11 to 1.22)
race and medium (OR,1.26; 95% CI, 1.23 to
1.29), large (OR, 1.47; 95% CI, 1.44 to
1.50), urban (OR, 1.59; 95% CI, 1.54 to
1.64), and teaching (OR, 2.10; 95% CI, 2.04
to 2.16) hospitals. Comorbidities including
thrombocytopenia (OR, 1.19; 95% CI, 1.16
to 1.22), dementia (OR, 1.22; 95% CI, 1.20
to 1.24), malignancies (soliddOR,1.32; 95%
CI, 1.28 to 1.36; hematologicdOR, 1.32;
95% CI, 1.26 to 1.38), and metastases (OR,
1.62; 95% CI, 1.55 to 1.69) were positive predictors of palliative care receipt. Female sex
was a negative predictor for receipt of palliative care (OR, 0.93; 95% CI, 0.91 to 0.95), as
were traditional cardiovascular risk factors
(hypertensiondOR, 0.83; 95% CI, 0.81 to
0.95; dyslipidemiadOR, 0.75; 95% CI, 0.74
to 0.76; diabetesdOR, 0.92; 95% CI, 0.91
to 0.94; smokingdOR, 0.88; 95% CI, 0.87
to 0.90; and obesitydOR, 0.86; 95% CI,
0.84 to 0.88).
Differences in the management strategy
and outcomes between the 2 groups are presented in Table 2. Patients who received palliative care were less likely to undergo ICA
(16,670 of 113,215 [14.7%] vs 47,026 of
226,055 [20.8%]; P<.001), PCI (9,230 of
113,215 [8.1%] vs 25,989 of 226,055
[11.5%]; P<.001), or CABG (915of 113,215
XXX 2022;nn(n):1-10

n

https://doi.org/10.1016/j.mayocp.2022.08.018
www.mayoclinicproceedings.org

PALLIATIVE CARE IN PATIENTS WITH AMI AND DNR ORDERS

[0.8%] vs 2,476 of 226,055 [1.1%]; P<.001).
They were more likely to receive circulatory
support (5,890 of 113,215 [5.2%] vs 7,230
of 226,055 [3.2%]; P<.001) or undergo mechanical ventilation during admission
(37,140 of 113,215 [32.8%] vs 37,980 of
226,055 [16.8%]; P<.001).
In-hospital mortality (59,325 of 113,215
[52.4%] vs 51,766 of 226,055 [22.9%];
P<.001), acute ischemic CVA (10,313 of
113,215
[9.1%]
vs
10,178
of
226,055 [4.5%]; P<.001), major bleeding
(12,230 of 113,215 [10.8%] vs 16,720 of
226,055 [7.4%]; P<.001), and MACCE
(64,772 of 113,215 [57.2%] vs 61,045 of
226,055 [27.0%]; P<.001) were all signiﬁcantly more frequent in the palliative care
group.
When adjusted for important baseline
characteristics and comorbidities (Table 3),
patients receiving palliative care had lower
odds of ICA (OR, 0.46; 95% CI, 0.45 to
0.47) and PCI (OR, 0.47; 95% CI, 0.45 to
0.48) and higher odds of adverse inhospital clinical outcomes such as mortality
(OR, 3.18; 95% CI, 3.13 to 3.23), acute
ischemic CVA (OR, 2.01; 95% CI, 1.95 to
2.06), MACCE (OR, 3.08; 95% CI, 3.03 to
3.13), and major bleeding (OR, 1.30; 95%
CI, 1.26 to 1.33).
Our key study ﬁndings are summarized
in the Figure.
DISCUSSION
The results of this analysis of more than
300,000 patients with a DNR status who
were admitted to US hospitals between
2015 and 2018 and during the hospitalization received a diagnosis of AMI revealed
several important ﬁndings. First, only 1 of
3 patients in this heterogeneous group
received palliative care. Second, patients
less frequently received palliative care if
they were female or presented with cardiovascular risk factors including previous MI,
hypertension, dyslipidemia, diabetes, or
smoking, whereas they were more likely to
receive palliative care if they had comorbidities including heart failure, malignancy
(solid or hematologic), or metastatic cancer.
Third, they were less likely to obtain
Mayo Clin Proc. n XXX 2022;nn(n):1-10
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TABLE 2. In-Hospital Procedures and Outcomes Among 339,270 Study Patients
With DNR Status, Stratiﬁed by Receipt of Palliative Carea,b
Variable

No palliative
care, No. (%)

Palliative care,
No. (%)

No. of weighted records

226,055 (66.6)

113,215 (33.4)

In-hospital procedures
Coronary angiography
47,026 (20.8%) 16,670 (14.7%)
PCI
25,989 (11.5%)
9,230 (8.1%)
CABG
2,476 (1.1%)
915 (0.8%)
Thrombolysis
206 (0.1%)
42 (0.04)
Circulatory support (including
7,230 (3.2%)
5,890 (5.2%)
IABP, LV assist device, and ECMO)
Mechanical ventilation
37,980 (16.8%) 37,140 (32.8%)

P value
NA
<.001
<.001
<.001
<.001
<.001
<.001

In-hospital outcomes
MACCEb
Mortality
Acute ischemic CVA
Major bleeding
GI bleed
Procedure-related bleeding
Retroperitoneal bleed
Intracranial hemorrhage

61, 045 (27.0%) 64, 775 (57.2%) <.001
51,766 (22.9%) 59,325 (52.4%) <.001
10,178 (4.5%) 10,313 (9.1%) <.001
16,720 (7.4%) 12 ,230 (10.8%) <.001
13,150 (5.8%)
8,270 (7.3%) <.001
930 (0.4%)
455 (0.4%)
.07
460 (0.2%)
448 (0.4%) <.001
2,490 (1.1%)
3405 (3.0%) <.001

a

CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; DNR, do-not-resuscitate;
ECMO, extracorporeal membrane oxygenation; GI, gastrointestinal; IABP, intra-aortic balloon
pump; LV, left ventricle; MACCE, major adverse cardiovascular and cerebrovascular event; NA,
not applicable; PCI, percutaneous coronary intervention.
b
MACCE is deﬁned as a composite of all-cause mortality, acute ischemic CVA or transient
ischemic attack, and cardiac complications.

palliative care if they presented at a small
hospital compared with a medium or large
hospital or presented to a rural hospital
compared with a suburban or teaching hospital. Fourth, patients who were in receipt
of palliative care were less likely to receive
in-hospital procedures including ICA and
PCI. Finally, patients with a DNR status
who obtained palliative care had increased
adjusted odds of in-hospital mortality, acute
ischemic CVA, major bleeding, and MACCE.
Our study identiﬁed several patientrelated characteristics that were associated
with palliative care use, including ventricular arrhythmias, cardiogenic shock or arrest,
STEMI, and malignancy. It is likely that physicians recognize these high-risk factors and
subsequently provide palliative care to these
patients. Importantly, the frequency of patients receiving circulatory support or mechanical ventilation was signiﬁcantly higher
in the cohort that received palliative care.
This is an unexpected ﬁnding because one
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of the key principles of palliative care is deescalation of treatments. Thus, it is possible
that this ﬁnding is a reﬂection of treatment
failures. This ﬁnding raises questions about
the appropriateness of such interventions
when it may have been more appropriate
to get early involvement with palliative care.
Our analysis, like that of others,5
revealed that both the size and type of hospital played an important role in which patients received palliative care. Patients in
teaching and urban hospitals were more
likely to receive palliative care than those
in rural ones. Access to palliative care has
been found to be an important proxy
outcome measure to determine the quality
of care patients receive prior to death, such
that in 2014 the World Health Organization
made a global resolution to improve palliative care access as a core component of
health care.8,9 Although access to health
care is both a complex and multidimensional
concept,10 it is likely that institutional factors
and geography are implicated in less frequent
palliative care in patients who were treated in
rural and small hospitals. Chukwusa et al9
found considerable variations in geographic
access to inpatient hospice, with evidence
that patients who lived further away from
hospice locations were less likely to die in a
hospice facility. There may be both a lack
of availability of palliative care and awareness
of the need for this care in the AMI population. Observations that this disparity of care
exists for this heterogeneous group of patients with AMI are an important step forward because better access to palliative care
is likely to reduce this disparity gap.
Our analysis demonstrates that sex disparities exist, with women who have a
DNR status being less likely than their
male counterparts to receive a palliative
care consultation. This ﬁnding is surprising
because another recent study in an unselected cohort of patients with AMI reported
that females were more likely to receive
palliative care.5 Similarly, Saeed et al11 reported that in patients diagnosed with cancer, women were signiﬁcantly more likely
to prefer palliative care than men, whereas
a multisite prospective cohort study by
6
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TABLE 3. Adjusted OR of Patients With DNR Orders and Receipt of Palliative Care for In-Hospital
Procedures and Outcomes During Hospitalization
for AMIa,b
Variable
In-hospital procedures
Invasive coronary
angiographyc
PCIc
Circulatory support
(including IABP, LV
assist device, and
ECMO)c
Mechanical ventilationc

OR (95% CI)

P value

0.46 (0.45-0.47)

<.001

0.47 (0.45-0.48)
0.90 (0.86-0.94)

<.001
<.001

1.95 (1.91-1.99)

<.001

3.08
3.18
2.01
1.30

<.001
<.001
<.001
<.001

In-hospital outcomes
MACCEd
Mortalityd
Acute ischemic CVAd
Major bleedingd

(3.03-3.13)
(3.13-3.23)
(1.95-2.06)
(1.26-1.33)

AF, atrial ﬁbrillation; AMI, acute myocardial infarction; CVA,
cerebrovascular accident; DNR, do-not-resuscitate; ECMO,
extracorporeal membrane oxygenation; HF, heart failure;
IABP, intra-aortic balloon pump; LV, left ventricle; MACCE,
major adverse cardiovascular and cerebrovascular event; MI,
myocardial infarction; OR, odds ratio; PVD, peripheral
vascular disease; STEMI, ST-elevation MI; VF, ventricular
ﬁbrillation; VT, ventricular tachycardia.
b
Reference: DNR with no palliative care.
c
Adjusted for age, sex, weekend admission, hospital size
(number of beds), region and location/teaching status, STEMI,
cardiogenic shock, VF, VT, AF, previous MI, HF, hypertension,
dyslipidemias, diabetes mellitus, valvular heart disease, smoking
status, chronic lung disease, chronic liver disease, chronic renal
failure, PVD, obesity, anemia, thrombocytopenia, coagulopathies, and malignancies.
d
Adjusted for age, sex, weekend admission, hospital size
(number of beds), region and location/teaching status, STEMI,
cardiogenic shock, VF, VT, AF, previous MI, HF, hypertension,
dyslipidemias, diabetes mellitus, valvular heart disease, smoking status, chronic lung disease, chronic liver disease, chronic
renal failure, PVD, obesity, anemia, thrombocytopenia, coagulopathies, malignancies, and in-hospital procedures.
a

Sharma et al12 found that men with cancer
were more likely to receive aggressive nonbeneﬁcial intensive care near the end of their
life. We previously reported that females
who were diagnosed with AMI were more
likely than men to have a DNR order.3 In
this high-risk cohort of patients, it is likely
that there is a complex interplay between a
person’s own wishes and priorities toward
the end of their life. Given that the presentation and perception of the symptoms of AMI
differ between the sexes, it is possible that
XXX 2022;nn(n):1-10
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Palliative care use in patients with AMI and DNR status
proportion of patients who received palliative care (33%)
Factors associated with
palliative care

Factors not associated with
palliative care

Female

Age at presentation

Heart failure

Cancer

Management of patients with
palliative care

ICA

Outcomes of patients
with palliative care

In-hospital mortality

Major bleeding
Dyslipidaemia
PCI
Acute ischemic CVA

Hypertension

Dementia

Circulatory
support
Teaching hospital

Hospital size

Diabetes

Smoking

In-hospital MACCE

FIGURE. Key study ﬁndings. AMI, acute myocardial infarction; CVA, cerebrovascular accident; DNR, do-not-resuscitate; ICA, invasive
coronary angiogram; MACCE, major adverse cardiovascular and cerebrovascular event; PCI, percutaneous coronary intervention.

this may also be a factor in the differences of
management.13,14 It is important to recognize that there are differences in the use of
palliative care in this cohort based on race.
In our study, patients who were Black and
Asian/Paciﬁc Islander were more likely to
receive palliative care consultation than
White patients, whereas Hispanic patients
were less likely to receive such care than
White patients. In a previous populationbased study of 1212 patients, Ornstein
et al15 found that Black individuals were
signiﬁcantly less likely to use hospice and
more likely to undergo intensive treatment
in the last 6 months of their lives than White
individuals regardless of cause of death.
Although patient preference and cultural differences are a key factor in differences in the
use of palliative care, it is reassuring to see
that in this high-risk cohort of patients,
Black individuals are not disadvantaged in
the receipt of palliative care.
Although the AMI cohort of patients who
have a DNR order represents a group that
generally has poor outcomes and is less likely
to receive invasive management compared
with those without a DNR order,3 our analysis
Mayo Clin Proc. n XXX 2022;nn(n):1-10
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revealed that patients who receive palliative
care are even less likely to undergo invasive
management. One of the key facets of palliative care is “active listening,” in which equal
importance is placed on patients’ attitude
regarding their condition and understanding
their fears, concerns, and priorities.16-18 In
conditions such as heart failure and cancer,
patients with advanced disease often have a
preference to not be treated aggressively,
with the focus on prioritizing their quality of
life.19 Our results suggest a similar pattern
in this high-risk cohort of patients with AMI
in which the focus of management is likely
to be patient-centered and less focused on interventions that prolong life. The clinical outcomes for patients with AMI including
mortality, acute ischemic CVA, major
bleeding, and MACCE were signiﬁcantly
worse in patients who received palliative
care. This ﬁnding is likely multifactorial and
in part may be that the patients receiving palliative care are likely to represent a more unwell
group of patients who would generally have
worse clinical outcomes and may thus be
less likely to be offered life-prolongingefocused interventions.
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Importantly, our study does not have
temporal data on the timing of the DNR order, receipt of palliative care, or its relationship with the timing of the AMI. Thus, it is
important to recognize that the group of patients who received palliative care in this
cohort reﬂects a highly heterogeneous group
of patients. For instance, patients may range
from those who had a multimorbidity
burden and a preexisting DNR order who
were subsequently hospitalized with a
noncardiac cause and had an AMI in the hospital to those who were previously well, were
admitted to the hospital with an AMI, and
initiated a DNR order and palliative care in
the hospital following a catastrophic complication. Thus, there exists a highly complex
interplay of the receipt of palliative care
and its timing in relationship to both a
DNR order and the timing of the AMI. For
many conditions such as cancer, the initiation of a DNR order has become synonymous with the involvement of palliative
care and recognition that the priority of
care for the patient and their families should
be switched to prioritizing comfort.20 Importantly, this relationship has not been well
deﬁned for AMI, and differences are likely
given the varied patient populations and
treatments in comparison to patients who
have cancer.21 Thus, our study raises questions about the timing of palliative care
within the realms of AMI in view of the immediate lifesaving treatments available,
particularly PCI for patients with STEMI.
In the past decade, both DNR orders and
palliative care have been used increasingly
in an ICU setting, both for patients who
are expected to die in the ICU and for those
discharged either to home or to another
department within the hospital, where early
involvement has been found to be beneﬁcial.22,23 Given the parallels between ICU
care and cardiac diseases, it is likely there
are lessons to be learned on the timing of
involvement of palliative care for patients
with AMI by looking at successful use in
the ICU.
Our analysis has important clinical implications for practice. Cardiology as a specialty
has often been criticized for its reluctance to
8
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utilize palliative care, largely attributed to advances in cardiovascular sciences over the
past 20 years that allow patients with
advanced heart disease to survive events that
previously would have been fatal.24-26 It is
important to recognize that a DNR order
only reﬂects the desires of a patient once
they experience a full cardiopulmonary arrest
and does not reﬂect their preferences about
other forms of life-sustaining treatment.
Thus, in this high-risk cohort of patients
with poor outcomes, it is likely that increased
use of palliative care will have signiﬁcant beneﬁts for patients and their families in deciding
which treatments they would be willing to
accept and focusing on their key priorities.27
Of concern, the lower rates of discharge to
home with home health care or to a nursing
home suggests that in this cohort, palliative
care was mostly being reserved as end-of-life
care for those identiﬁed as at high risk of dying
during that hospitalization. “Late” use of
palliative care has been reported similarly by
others,28 and cardiologists are increasingly
being asked to reframe palliative care as a useful added layer of support for those with
advanced illness, not just in the ﬁnal weeks
of life but potentially over months and
years.29,30 There are several barriers to earlier
referral,31 but greater education for physicians and integrated-care pathways with palliative care teams are likely to facilitate a more
timely patient-centered approach.
This study has several strengths. Our
analysis represents the largest study to date
that examined the use of palliative care in a
heterogeneous high-risk group of patients
with a diagnosis of AMI who had a DNR status. The NIS database gives insight into the
real-world in-hospital outcomes in a large
and unselected cohort of patients with
AMI, including those who are at high risk
and have multiple comorbid illnesses, such
that they are underrepresented in clinical trials. The size of the database provides sufﬁcient power to detect differences in adverse
outcomes between the 2 cohorts of interest.
Our study also has several important limitations. Despite the NIS using International
Classiﬁcation of Diseases, Tenth Revision
codes and being a validated data set for the
XXX 2022;nn(n):1-10
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purposes of cardiovascular research,32,33 it is
an administrative data set, and coding error
may be a source of bias. The identiﬁcation
of AMI, DNR status, palliative care, comorbidities, and procedural data was based on
the use of administrative codes. Second, the
NIS data set only records in-hospital outcomes, and therefore, longer-term followup of mortality or other adverse outcomes
is missing from our analysis. Third, because
the database does not include pharmacotherapy, we were unable to determine if
there was a signiﬁcant disparity in care between the 2 groups regarding pharmacotherapy or to see if the use of
pharmacotherapy altered clinical outcomes
for those patients with palliative care.
Furthermore, the NIS does not capture
when the DNR order was instituted, whether
it was in place prior to admission,34 at the
point of admission, or during the inpatient
episode following a complication/adverse
outcome. Thus, the intention of the palliative care is unknown. Similarly, we do not
know the timing of the palliative care in relationship to the diagnosis of AMI (even
though there is a suggestion that it might
be late) or to the DNR status. Importantly,
we also don’t know whether receipt of palliative care means that patients received highquality palliative care, nor that they received
specialist palliative care consultation. It is
also possible that unmeasured confounders
such as frailty or malnutrition may
contribute to the adverse association that
we report in patients referred for palliative
treatment. Finally, the process by which
the palliative care was established and how
patients’ preferences were elicited in decision
making is unknown.
CONCLUSION
Our study found that in hospitalized patients
who had a DNR status and received a diagnosis of AMI, only one-third received palliative care. Females, patients presenting at
small or rural hospitals, and those with cardiovascular comorbidities were less likely to
receive palliative care, whereas patients who
had multiple comorbidities with heart failure
or malignancy were more likely to receive
Mayo Clin Proc. n XXX 2022;nn(n):1-10
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palliative care. Patients who received palliative care had increased adjusted odds of inhospital mortality, acute ischemic CVA, major bleeding, and MACCE. Further evaluation
of the use of palliative care, particularly in patients who had a DNR order in place prior to
admission with an AMI, is required to determine its appropriateness and to facilitate
greater use in this high-risk cohort of patients.
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