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Background: Congestive heart failure (HF) is a common condition in the intensive care unit (ICU).
Cardiomyopathy is an important etiological factor in HF. However, few studies have explored the effect
of cardiomyopathy on the prognosis of HF. This study explored the association between comorbid
cardiomyopathy and the outcomes of critically ill patients with congestive HE.

Methods: A retrospective cohort study was performed using data extracted from Medical Information
Mart for Intensive Care IV (MIMIC-IV) database. All adult patients with the first ICU admission were
enrolled as participants but those diagnosed with cardiomyopathy alone were excluded. The demographics,
comorbidities, vital signs, laboratory tests, scoring systems, and treatments of patients were extracted to
further analyze. The composite endpoints included in-hospital mortality, cardiac arrest, and re-admission to
the ICU. The association between cardiomyopathy comorbidity and the composite endpoints was assessed
using propensity-score matching (PSM) and multivariable logistic regression models.

Results: A total of 27,901 critically ill patients were enrolled, including 1,023 patients diagnosed with
cardiomyopathy and congestive HE. The average age of the cohort was 64.37£17.36 years, and 58.13% of
the patients were men. The ethnicity of patients was mainly white (64.67%). Multivariable logistic regression
analyses found the risk of composite endpoints in patients with cardiomyopathy was higher than other groups
[odds ratio (OR) =1.87; 95% confidence interval (CI): 1.62-2.15; P<0.001]. Compared to patients with
congestive HF alone (OR =1.43; 95% CI: 1.26-1.62; P<0.001), patients with cardiomyopathy had a similar
risk of in-hospital death (OR =1.35; 95% CI: 1.06-1.71; P=0.014). Moreover, the risks of cardiac arrest (OR
=1.53; 95% CI: 1.01-2.34; P=0.029) and re-admission to the ICU (OR =1.74; 95% CI: 1.39-2.17; P<0.001)
were both higher in patients with cardiomyopathy than other groups. After PSM, the risk of composite
endpoints was still higher in patients with cardiomyopathy (OR =1.64; 95% CI: 1.33-2.02; P<0.001). The
association was consistent among patients admitted to the coronary care unit (CCU) and medical ICU
(MICU)/surgical ICU (SICU).

Conclusions: Comorbid cardiomyopathy increased the risk of composite endpoints in patients with
congestive HF admitted to the ICU. Cardiomyopathy is related to the poor outcomes of critically ill patients
with congestive HE.

Keywords: Critical illness; cardiomyopathy; congestive heart failure (congestive HF); Medical Information Mart
for Intensive Care IV database (MIMIC-IV database)
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Introduction

Heart failure (HF) is a heterogeneous disease that is
estimated to occur in more than 23 million individuals
worldwide (1). Although coronary artery disease is usually
considered to be the primary cause of HF (2), the etiology
of HF is being replaced by other diseases (3). Several
studies have shown that different etiologies of HF lead
to different prognoses (4,5). The prognostic factor of
HF includes ischemic heart disease, hypertension, and
rheumatic heart disease. However, the heterogeneous
group of cardiomyopathies is usually caused by genetics,
autoimmune, and infection (6). Moreover, the symptoms
of HF cannot be explained by coronary artery disease,
hypertension, valvular heart disease, and congenital heart
disease (7). Cardiomyopathy is a disease that results
in abnormal heart muscle structure and function. The
prevalence of different types of cardiomyopathy in adults
is 1/500 for hypertrophic cardiomyopathy (HCM), 1/250
for dilated cardiomyopathy (DCM), and 1/5,000 for
arrhythmogenic right ventricular cardiomyopathy (ARVC).
Restrictive cardiomyopathy (RCM) is rare (8). The
incidence of all types of cardiomyopathies has increased
over the past decade, and cardiomyopathy has received
increasing attention as an important cause of HF (9).

Most randomized controlled trials enrolled HF patients
with a reduced ejection fraction (HFrEF) but did not
include those with a preserved ejection fraction (HFpEF);
thus, evidence regarding the treatment of patients with
HFpEF is insufficient (10). However, cardiomyopathy
usually presents as phenotypes of HFpEE. A previous study
reported the prognosis of patients according to whether
they had ischemic or non-ischemic heart disease (11). At
present, few studies have explored the effect of comorbid
cardiomyopathy on the prognosis of HFE.

In the intensive care unit (ICU), patients with congestive
HF present with the highest risk, most complications, and
most resource-intensive disease states (12). According to a
previous study of children, patients with cardiomyopathy
had poor outcomes, with an in-hospital mortality rate of
11% in HF-related ICU hospitalization (13). However,
whether comorbid cardiomyopathy is an independent risk
factor for adult HF patients in the ICU remains unclear.
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Therefore, in this study, we enrolled critically ill patients
with congestive HF to explore the relationship between
comorbid cardiomyopathy and the prognosis of patients in
the ICU. We present the following article in accordance
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-22-833/rc).

Methods
Data source & ethical approval

This is a single-center retrospective cohort study. Data
were obtained from the Medical Information Mart for
Intensive Care IV (MIMIC-1V) database, which is a freely-
available database including data on patients admitted to
the ICU of the Beth Israel Deaconess Medical Center
(BIDMC) from 2008 to 2019 (14). One of the authors
(Liang) of this study passed the “Protecting Human
Research Participants” exam and obtained permission
to access the database (Record ID: 43449634). The
ethical approval of MIMIC-IV database was approved
by institutional review boards of both BIDMC and
Massachusetts Institute of Technology Affiliates. Moreover,
all private information of subjects is hidden, and informed
consent was waived by the Institutional Review Board. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Patients

All adult patients included in the database were enrolled.
The database only included records from the first
hospitalization in the ICU. Patients were excluded
according to the following criteria: (I) length of stay (LOS)
of ICU <24 hours; and (II) a diagnosis of cardiomyopathy
without congestive HF. The detailed procedure for patient
selection is shown in Figure 1.

The included patients were categorized into three
groups according to the diagnosis: (I) patients without
cardiomyopathy and congestive HF (group 1); (II)
patients diagnosed with congestive HF due to other
etiologies (group 2); and (III) patients diagnosed with
cardiomyopathy and congestive HF (group 3).
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531,069 patients

Not first hospitalization: 274,191 patients
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Not first ICU admissions: 221,852 patients

35,026 patients
> LOS of ICU <24 hours: 7,074 patients

A
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Patients diagnosed cardiomyopathy and
without congestive HF: 51 patients

A

27,901 patients

v

A

v

21,648 patients diagnosed without
CHF and cardiomyopathy

5,230 patients diagnosed CHF
without cardiomyopathy

1,023 patients diagnosed with
CHF and cardiomyopathy

Group 1

Group 2

Group 3

Figure 1 Flow chart of the study participants. ICU, intensive care unit; LOS, length of stay; HF, heart failure; CHF, congestive HE.

Data extraction

The Structured Query Language (SQL) with PostgreSQL
(version 5.3; https://www.postgresql.org/; University
of California Berkeley, USA) was used to extract data
from the MIMIC-IV database. Patients with comorbid
cardiomyopathy were diagnosed according to the Clinical
Modification codes of the International Classification of
Diseases, Ninth Revision and Tenth Revision (ICD-9-
CM and ICD-10-CM). The diagnosis of congestive HF
was extracted from the Charlson Comorbidity Index table,
which records whether the symptoms of congestive HF
occurred in hospitalized patients (15).

In addition to the clinical outcome variables, the
following variables were also extracted: age, sex, ethnicity,
insurance, marriage, admission types, ICU types, other
comorbidities [coronary heart disease, valve heart disease,
congenital heart disease, hypertension, atrial fibrillation or
atrial flutter, diabetes, peripheral vascular disease, chronic
pulmonary disease, stroke, dementia, paraplegia, rheumatic
disease, mild liver disease, severe liver disease, renal disease,
malignant cancer, metastatic solid tumor, acquired immune
deficiency syndrome (AIDS), and sepsis], vital signs on
first day after ICU admission [weight, mean heart rate
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(HR), mean systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean respiratory rate (RR)], laboratory
tests on first day after ICU admission [white blood cell
(WBC), hemoglobin, platelet, creatinine, glucose, sodium
(Na), potassium (K), bicarbonate (HCO;")], scoring systems
on first day after ICU admission [the Sequential Organ
Failure Assessment (SOFA) and Acute Physiology and
Chronic Health Evaluation III scores (APACHE III)], and
treatments [renal replacement treatment (RRT), mechanical
ventilation, vasoactive drug, antibiotics, B-receptor blockers
(B-RB), angiotensin-converting enzyme inhibitors (ACEI),
angiotensin receptor blockers (ARB), diuretics, and
digoxin].

Definitions and outcomes

Cardiomyopathy diagnoses were extracted from ICD-9-
CM and ICD-10-CM codes generated for billing purposes
following the hospital stay, which included both primary
and specific cardiomyopathies (ICD-9 code: 425 and
ICD-10: 142) (16-18). Primary cardiomyopathies include
HCM, DCM, RCM, and unclassified cardiomyopathies,

(including endocardial fibroelastosis and endomyocardial
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fibrosis). Specific cardiomyopathies included metabolic
cardiomyopathy, alcoholic cardiomyopathy, and
cardiomyopathy due to drugs and external agents.

The following outcome variables were extracted: in-
hospital mortality, cardiac arrest, readmission to ICU,
re-hospitalization, tracheal intubation, RRT on the first
day, and LOS in the ICU. Cardiac arrest was diagnosed
according to the ICD-9-CM and ICD-10-CM (ICD-9
code: 4275 and ICD-10: 146). The composite endpoints
included in-hospital mortality, cardiac arrest, and
readmission to the ICU.

Statistical analysis

Continuous variables were expressed as means = standard
deviations (SDs) or medians [interquartile ranges (IQRs)]
and compared using Student’s #-tests (normal distribution)
or Kruskal-Wallis rank tests (non-normal distribution).
Categorical variables were presented as numbers
(percentages) and compared using chi-squared tests (or
Fisher’s exact tests). The associations between comorbid
cardiomyopathy and outcomes were assessed using logistic
regression models. Three different models were used to
adjust for potential confounders: model 1, including age,
sex, ethnicity, insurance, marriage, admission types, and
ICU types; model 2, including age, sex, ethnicity, insurance,
marriage, admission types, ICU types, other comorbidities,
SOFA, APACHE III, and treatments; model 3, propensity-
score matching (PSM).

PSM was used to reduce the imbalance within each
group, with a 1:1:1 nearest neighbor matching and a caliper
width of 0.05 (19). PSM was used to prevent potential bias
due to significant differences in the baseline characteristics.
A propensity score for each patient was calculated to
estimate the probability of matching (using multivariable
logistic regression models) given the following factors:
age, sex, ethnicity, insurance, marriage, admission types,
ICU types, other comorbidities, vital signs, laboratory
tests, as well as SOFA and APACHE I1I scores. Subgroup
analyses were used to assess whether different ICU types
could change the association between cardiomyopathy and
composite endpoints. Variables with >10% missing data,
such as brain natriuretic peptide (BNP) and left ventricular
ejection fraction (LVEF), were excluded. Meanwhile,
variables with <10% missing data, such as HCOjy,
hemoglobin, platelet, Na, and K levels, were assessed using
the regression model. All data were integrated and analyzed
using STATA 15.0 (STATA, College Station, TX, USA). All
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tests were two-sided, and P<0.05 was considered statistically
significant.

Results
Baseline characteristics of the study population

A total of 27,901 critically ill patients were enrolled in this
study (Figure 1), among which 1,023 (3.67%) patients were
diagnosed with congestive HF and cardiomyopathy. The
average age of this cohort was 64.37£17.36 years, 58.13%
were men, and the ethnicity was predominantly white
(64.67%). The ICUs in this study included the cardiac
vascular ICU (CVICU) (23.18%), coronary care unit (CCU)
(10.51%), medical ICU (MICU) (16.30%), MICU/surgical
ICU (SICU) (12.83%), SICU (15.71%), trauma ICU
(TSICU) (14.00%), and neurological ICU (NICU) (7.47%).

The patients were divided into three groups based on
the diagnosis (Table 1). Patients with congestive HF and
cardiomyopathy were younger than those with congestive
HF alone (73.82+12.96 vs. 65.49+15.05, P<0.001).
The incidence of coronary heart disease, valvular heart
disease, stroke, atrial fibrillation, peripheral artery disease,
hypertension, diabetes, chronic pulmonary disease, renal
disease, dementia, malignant cancer, and sepsis was higher
in patients with congestive HF alone. Patients with
cardiomyopathy and congestive HF tended to have higher
weight, faster HR and RR, higher DBP, and lower SBP than
those in the other two groups (P<0.05).

The laboratory tests showed that the patients with
cardiomyopathy and congestive HF had higher levels of
hemoglobin and K and lower levels of creatinine, glucose,
and Na compared to patient with congestive HF alone. In
addition, patients with cardiomyopathy comorbidity had
similar severity scores to those with congestive HF alone.
Moreover, the use of RRT, vasoactive drugs, B-RB, ACEL/
ARB, and digoxin was more prevalent in patients with
cardiomyopathy and congestive HE.

Clinical outcomes of different groups

A total of 8,572 composite endpoints were recorded in this
cohort. There were 2,932 (10.51%) in-hospital deaths,
805 (2.89%) events of cardiac arrest, 5,835 (20.91%)
readmissions to the ICU, 10,913 (39.11%) events of
re-hospitalization, 5,252 (18.82%) events of tracheal
intubation, and 505 (1.81%) events of RRT on the first day
after ICU admission. Compared to patients with congestive

7 Thorac Dis 2022;14(7):2665-2676 | https://dx.doi.org/10.21037/jtd-22-833



Journal of Thoracic Disease, Vol 14, No 7 July 2022 2669
Table 1 Comparison of the baseline characteristics in the different groups
Variables All patients (n=27,901)  Group 1 (n=21,648) Group 2 (n=5,230) Group 3 (n=1,023) P
Age (years), mean = SD 64.37+17.36 62.04+17.36 73.82+12.96 65.49+15.05 <0.001
Males, n (%) 16,220 (58.13) 12,625 (58.32) 2,899 (55.43) 696 (68.04) <0.001
Ethnicity, n (%) <0.001
Asian 725 (2.60) 606 (2.80) 102 (1.95) 17 (1.66)
Black 1,762 (6.32) 1,394 (6.44) 284 (5.43) 84 (8.21)
Hispanic 861 (3.09) 727 (3.36) 105 (2.01) 29 (2.83)
White 18,044 (64.67) 13,908 (64.25) 3,499 (66.90) 637 (62.27)
Other 6,509 (23.33) 5,013 (23.16) 1,240 (23.71) 256 (25.02)
Insurance, n (%) <0.001
Medicaid 1,980 (7.10) 1,690 (7.81) 216 (4.13) 74 (7.23)
Medicare 11,296 (40.49) 7,804 (36.05) 3,080 (58.89) 412 (40.27)
Other 14,625 (52.42) 12,154 (56.14) 1,934 (36.98) 537 (52.49)
Marriage, n (%) <0.001
Divorced 1,876 (6.72) 1,427 (6.59) 377 (7.21) 72 (7.04)
Married 12,614 (45.21) 9,866 (45.57) 2,276 (43.52) 472 (46.14)
Single 6,922 (24.81) 5,726 (26.45) 937 (17.92) 259 (25.32)
Widowed 2,987 (10.71) 1,907 (8.81) 991 (18.95) 89 (8.70)
Unknown 3,502 (12.55) 2,722 (12.57) 649 (12.41) 131 (12.81)
Admission type, n (%) <0.001
Elective 1,136 (4.07) 829 (3.83) 245 (4.68) 62 (6.06)
Emergency 17,057 (61.13) 13,562 (62.65) 2,950 (56.41) 545 (53.27)
Surgical 3,357 (12.03) 2,962 (13.68) 309 (5.91) 86 (8.41)
Urgent 6,351 (22.76) 4,295 (19.84) 1,726 (33.00) 330 (32.26)
ICU type, n (%) <0.001
CvICU 6,468 (23.18) 4,875 (22.52) 1,339 (25.60) 254 (24.83)
CCuU 2,932 (10.51) 1,325 (6.12) 1,279 (24.46) 328 (32.06)
MICU 4,549 (16.30) 3,427 (15.83) 968 (18.51) 154 (15.05)
MICU/SICU 3,580 (12.83) 2,781 (12.85) 691 (13.21) 108 (10.56)
SICU 4,382 (15.71) 3,857 (17.82) 441 (8.43) 84 (8.21)
TSICU 3,905 (14.00) 3,497 (16.15) 342 (6.54) 66 (6.45)
NICU 2,085 (7.47) 1,886 (8.71) 170 (3.25) 29 (2.83)
Comorbidity, n (%)
Coronary heart disease 9,743 (34.92) 6,081 (28.09) 3,161 (60.44) 501 (48.97) <0.001
Valve heart disease 4,301 (15.42) 2,285 (10.56) 1,715 (32.79) 301 (29.42) <0.001
Congenital heart disease 864 (3.10) 668 (3.09) 153 (2.93) 43 (4.20) 0.096

Table 1 (continued)
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Table 1 (continued)
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Variables All patients (n=27,901)  Group 1 (n=21,648) Group 2 (n=5,230) Group 3 (n=1,023) P
Hypertension 17,153 (61.48) 12,544 (57.95) 3,968 (75.87) 641 (62.66) <0.001
Atrial fibrillation 7,427 (26.62) 4,364 (20.16) 2,589 (49.50) 474 (46.33) <0.001
Diabetes 7,202 (25.81) 4,890 (22.59) 2,001 (38.26) 311 (30.40) <0.001
Peripheral artery disease 2,934 (10.52) 2,014 (9.30) 786 (15.03) 134 (13.10) <0.001
Chronic pulmonary disease 6,239 (22.36) 3,964 (18.31) 2,004 (38.32) 271 (26.49) <0.001
Stroke 5,150 (18.46) 4,214 (19.47) 791 (15.12) 145 (14.17) <0.001
Dementia 881 (3.16) 629 (2.91) 224 (4.28) 28 (2.74) <0.001
Paraplegia 1,809 (6.48) 1,525 (7.04) 232 (4.44) 52 (5.08) <0.001
Rheumatic disease 782 (2.80) 549 (2.54) 202 (3.86) 31 (3.03) <0.001
Peptic ulcer 715 (2.56) 562 (2.60) 134 (2.56) 19 (1.86) 0.344
Mild liver disease 2,668 (9.56) 2,120 (9.79) 426 (8.15) 122 (11.93) <0.001
Severe liver disease 1,069 (3.83) 908 (4.19) 126 (2.41) 35 (3.42) <0.001
Renal disease 3,974 (14.24) 2,046 (9.45) 1,683 (32.18) 245 (23.95) <0.001
Malignant cancer 2,820 (10.11) 2,312 (10.68) 435 (8.32) 73 (7.14) <0.001
Metastatic tumor 1,310 (4.70) 1,128 (5.21) 153 (2.93) 29 (2.83) <0.001
AIDS 111 (0.40) 100 (0.46) 6 (0.11) 5(0.49) 0.001
Sepsis 13,873 (49.72) 10,271 (47.45) 3,056 (58.43) 5,456 (53.37) <0.001

Vital signs, mean + SD
Weight (kg) 82.19+22.69 81.66+21.81 83.65+25.65 85.94+24.16 <0.001
HR (bpm) 84.54+15.42 84.40+15.29 84.40+15.28 88.32+18.21 <0.001
SBP (mmHg) 118.75+15.60 119.66+15.46 116.02+£15.75 113.25+15.13 <0.001
DBP (mmHg) 63.57+11.02 64.28+10.94 60.37+10.71 64.78+11.33 <0.001
RR (bpm) 19.02+3.70 18.76+3.64 19.87+3.73 20.02+3.87 <0.001

Laboratory tests, mean + SD
WBC (x10%L) 11.47+6.90 11.47+6.79 11.51+7.38 11.26+6.61 0.563
Hemoglobin (g/dL) 11.31+2.23 11.39+2.22 10.92+2.20 11.66+2.28 <0.001
Platelet (x10%/L) 214.02+101.00 214.27+101.82 214.42+99.48 206.55+90.69 0.055
Creatinine (mg/dL) 1.22+1.24 1.13+1.18 1.53+1.37 1.50+1.43 <0.001
Glucose (mg/dL) 138.65+66.44 136.99+64.82 145.39+72.67 139.19+64.91 <0.001
Na (mmol/L) 138.79+4.82 138.84+4.78 138.66+5.00 138.41+4.65 0.001
K (mmol/L) 4.14+0.65 4.11+0.63 4.25+0.70 4.25+0.74 <0.001
HCO;™ (mmol/L) 23.80+4.45 23.55+4.20 24.79+5.19 24.09+4.86 <0.001

Scoring system, median [IQR]

SOFA 412,7] 412, 6] 513, 8] 513, 9] <0.001
APACHE IlI 40 [29, 56] 38 [28, 54] 47 [36, 64] 46 [34, 66] <0.001

Table 1 (continued)
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Table 1 (continued)

Variables All patients (n=27,901)  Group 1 (n=21,648) Group 2 (n=5,230) Group 3 (n=1,023) P

Treatments, n (%)
RRT 1,278 (4.58) 781 (3.61) 413 (7.90) 84 (8.21) <0.001
Mechanical ventilation 12,113 (43.41) 9,247 (42.72) 2,409 (46.06) 457 (44.67) -
Vasoactive drugs 10,810 (38.74) 7,733 (35.72) 2,545 (48.66) 532 (52.00) <0.001
Antibiotics 19,109 (68.49) 14,474 (66.86) 3,930 (75.14) 705 (68.91) <0.001
$-RB 6,636 (23.78) 4,466 (20.63) 1,807 (34.55) 363 (35.48) <0.001
ACEI/ARB 3,600 (12.90) 2,396 (11.07) 945 (18.07) 259 (25.32) <0.001
Diuretics 7,204 (25.82) 4,646 (21.46) 2,155 (41.20) 403 (39.39) <0.001
Digoxin 453 (1.62) 151 (0.70) 217 (4.15) 85 (8.31) <0.001

Group 1, patients without cardiomyopathy and congestive HF; group 2, patients only with congestive HF; group 3, patients with
cardiomyopathy and congestive HF. SD, standard deviation; ICU, intensive care unit; CVICU, cardiac vascular ICU; CCU, coronary care
unit; MICU, medical ICU; SICU, surgical ICU; TSICU, trauma ICU; NICU, neurological ICU; AIDS, acquired immune deficiency syndrome;
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory rate; WBC, white blood cell; Na, sodium; K,
potassium; HCO;, bicarbonate; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment; APACHE Ill, Acute Physiology
and Chronic Health Evaluation Il scores; RRT, renal replace treatment; B-RB, B-receptor blockers; ACEI, angiotensin-converting enzyme
inhibitors; ARB, angiotensin receptor blockers; HF, heart failure.

Table 2 Comparison of outcomes in different groups

Outcomes All patients (n=27,901) Group 1 (n=21,648) Group 2 (n=5,230) Group 3 (n=1,023) P

Composite endpoints, n (%) 8,572 (30.72) 6,031 (27.86) 2,105 (40.25) 436 (42.62) <0.001
In-hospital mortality, n (%) 2,932 (10.51) 2,020 (9.33) 776 (14.84) 136 (13.29) <0.001
Cardiac arrest, n (%) 805 (2.89) 530 (2.45) 207 (3.96) 68 (6.65) <0.001
Re-admission to the ICU, n (%) 5,835 (20.91) 4,108 (18.98) 1,424 (27.23) 303 (29.62) <0.001
Re-hospitalization, n (%) 10,913 (39.11) 8,165 (37.72) 2,240 (42.83) 508 (49.66) <0.001
Tracheal intubation, n (%) 5,252 (18.82) 3,999 (18.47) 1,055 (20.17) 198 (19.35) 0.017
RRT on first day, n (%) 505 (1.81) 326 (1.51) 142 (2.72) 37 (3.62) <0.001

LOS in the ICU (days), median [IQR]  2.33 [1.50, 4.38] 2.21[1.44, 4.09] 2.93[1.80,5.23]  3.07[1.80, 5.93] <0.001

Group 1, patients without cardiomyopathies and congestive HF; group 2, patients only with congestive HF; group 3, patients with
cardiomyopathy and congestive HF. ICU, intensive care unit; RRT, renal replacement treatment; LOS, length of stay; IQR, interquartile
range; HF, heart failure.

HF alone, those with cardiomyopathy and congestive HF
had higher composite endpoints (40.52% vs. 43.30%,
P<0.001).

In addition, the incidences of cardiac arrest, readmission
to the ICU, re-hospitalization, and RRT on the first
day were higher in patients with congestive HF and
cardiomyopathy (P<0.05). However, patients with
congestive HF alone had higher rates of in-hospital death
(14.84% wvs. 13.29%, P<0.001) and tracheal intubation

© Journal of Thoracic Disease. All rights reserved.

(20.17% vs. 19.35%, P=0.017). Moreover, the L.OS of ICU
in patients with cardiomyopathy and congestive HF was
longer than that in the other two groups (P<0.001; Table 2).

Relationship between cardiomyopathies and clinical
outcomes

The logistic regression model results indicated that
comorbid cardiomyopathy was a risk factor for composite
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endpoints, with a crude odds ratio (OR) of 1.92 [95%
confidence interval (CI): 1.69-2.18; P<0.001], whereas
the OR of patients with congestive HF due to other
etiologies was 1.74 (95% CI: 1.64-1.86; P<0.001). After
adjustment using different models, similar findings were
observed. The risk of composite endpoints in patients with
cardiomyopathy and congestive HF was higher than that in
those with congestive HF alone (OR =1.87; 95% CI: 1.62-
2.15; P<0.001; adjustment by model 2).

After reducing the imbalance among the three groups
by PSM, similar severities of disease were observed based
on the scoring systems (P>0.05; Table S1). The risk of
composite endpoints was still higher in patients with
cardiomyopathy (OR =1.64; 95% CI: 1.33-2.02; P<0.001;
adjustment by model 3).

The risk of outcomes was also respectively explored.
Compared to patients with congestive HF alone (OR =1.43;
95% CI: 1.26-1.62; P<0.001; adjustment by model 2), those
with cardiomyopathy had a similar risk of in-hospital death
(OR =1.35; 95% CI: 1.06-1.71; P=0.014; adjustment by
model 2). However, the risk of in-hospital death was not
significant after PSM (P>0.05). The risks of cardiac arrest
(OR =1.53; 95% CI: 1.01-2.34; P=0.029; adjustment by
model 3) and re-admission to the ICU (OR =1.74; 95%
CI: 1.39-2.17; P<0.001; adjustment by model 3) were both
higher in patients with cardiomyopathy and congestive HF
compared to those in the other groups (Table 3).

The subgroup analysis of the different types of
ICU showed that the association between comorbid
cardiomyopathy and composite endpoints among patients
admitted to the CCU and MICU/SICU was consistent (as
shown in Figure 2). However, the difference between the
TSICU and NICU was not statistically significant (P>0.05).

Discussion

The main findings of this study were as follows. Firstly,
comorbid cardiomyopathy was an independent risk factor
for critically ill patients with congestive HF. Critically ill
patients with congestive HF and cardiomyopathy had an
increased risk of composite endpoints, which included in-
hospital mortality, cardiac arrest, and re-admission to the
ICU. The risk of cardiac arrest and re-admission to the
ICU was also respectively increased. However, compared
to patients with congestive HF due to other etiologies,
patients with cardiomyopathy had no significant increase
in the risk of in-hospital mortality. In addition, comorbid
cardiomyopathy increased the risk of composite outcomes
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in the CCU and MICU/SICU subgroups.

Although several types of cardiomyopathies, such as
HCM [which is clinically asymptomatic and has an average
life expectancy in daily life (20,21)], occur in adolescents
and young adults, critically ill patients often have serious
clinical conditions such that cardiomyopathy may be a risk
of worsening prognosis in the ICU. In our study, patients
with cardiomyopathies were younger than those in the HF
cohort. However, patients with comorbid cardiomyopathy
likely have a longer history of HF than other group and
experience refractory symptoms of congestive HE.

Cardiomyopathies are a heterogeneous group of heart
muscle diseases with different clinical phenotypes. Patients
diagnosed with cardiomyopathies, such as HCM and
RCM (22,23), tend to present with HFpEF, whereas those
diagnosed with DCM tend to present with HFrEF (24).
However, whether the prognoses of HFpEF and HErEF are
different remains controversial. According to a study from
the Mayo Clinic, the outcomes of patients with reduced
LVEF improve over time but not for those with preserved
LVEF (25). In contrast, the findings of other studies
demonstrate an improved prognosis for patients with
HFpEF compared to those with HErEF (26,27). Our study
found that in-hospital mortality was similar in patients with
and without cardiomyopathies (13.29% vs. 14.84%), but
an increased incidence of cardiac arrest (6.65% vs. 3.96%)
worsened the outcome. The incidence of re-admission
to the ICU implied a deterioration of disease (28), with a
higher rate in patients with cardiomyopathy (29.62% uvs.
27.23%).

Currently, HFpEF remains an unexplored area. ACEI/
ARB and B-RB do not improve the outcomes of HFpEF
patients (29). In our study, critically ill patients with
cardiomyopathy and congestive HF had higher usage rates
of vasoactive drugs, beta-blockers, ACEI/ARB, and digoxin,
without an improvement in outcomes. This is because
the etiology of cardiomyopathy is caused by genetic,
immunologic, and systemic reasons (30,31). We consider
that critically ill patients with cardiomyopathy may have a
lesser response to classical treatments, which is a potential
underlying mechanism.

To the best of our knowledge, this study is the first to
clarify that comorbid cardiomyopathy is related to the
poor prognosis of critically ill patients with congestive
HF, providing a real-world study of patients with
cardiomyopathy in the ICU. However, this study had
some limitations that should be noted. Firstly, this study
was a retrospective, single-center study that included only
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Table 3 Association between comorbid cardiomyopathy and

outcomes
Outcomes Group OR 95% ClI P
Composite endpoints
Crude Ref® 1
Only HF® 1.74 1.64-1.86 <0.001
Both® 1.92 1.69-2.18 <0.001
Model 1 Ref 1
Only HF 1.72 1.61-1.84  <0.001
Both 2.07 1.82-2.36  <0.001
Model 2 Ref 1
Only HF 1.55 1.44-1.68 <0.001
Both 1.87 1.62-2.15 <0.001
Model 3 Ref 1
Only HF 1.30 1.04-1.62 0.019
Both 1.64 1.33-2.02  <0.001
In-hospital mortality
Crude Ref 1
Only HF 1.69 1.55-1.85 <0.001
Both 1.49 1.24-1.79  <0.001
Model 1 Ref 1
Only HF 1.44 1.31-1.58  <0.001
Both 1.61 1.33-1.96  <0.001
Model 2 Ref 1
Only HF 1.43 1.26-1.62 <0.001
Both 1.35 1.06-1.71  0.014
Model 3 Ref 1
Only HF 0.98  0.69-1.39 0.917
Both 1.04 0.74-1.45 0.822
Cardiac arrest
Crude Ref 1
Only HF 1.64 1.39-1.93  <0.001
Both 284  2.19-3.68 <0.001
Model 1 Ref 1
Only HF 1.60 1.35-1.91 <0.001
Both 2.58 1.98-3.36  <0.001
Model 2 Ref 1
Only HF 1.34 1.11-1.62  0.003
Both 2.06 1.54-2.75 <0.001
Model 3 Ref 1
Only HF 0.88 0.53-1.46 0.617
Both 1.53 1.01-2.34  0.029
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Table 3 (continued)
Qutcomes Group OR 95% Cl P
Re-admission to the ICU (%)
Crude Ref 1
Only HF 1.60 1.49-1.71  <0.001
Both 1.80 1.56-2.06 <0.001
Model 1 Ref 1
Only HF 1.66 1.54-1.78  <0.001
Both 1.89 1.64-2.17  <0.001
Model 2 Ref 1
Only HF 1.52 1.40-1.65 <0.001
Both 1.77 1.53-2.05 <0.001
Model 3 Ref 1
Only HF 1.45 1.14-1.83  0.002
Both 1.74 1.39-2.17  <0.001

Table 3 (continued)
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The composite endpoints included all-cause death, cardiac
arrest, and re-admission of ICU. ?, the patient was diagnosed
without cardiomyopathies and congestive HF; °, the patient was
diagnosed with congestive HF; °, the patient was diagnosed
with cardiomyopathies and congestive HF. Model 1 was
adjusted by age, sex, ethnicity, insurance, marital status, type of
admission, and type of ICU; model 2 was adjusted by age, sex,
ethnicity, insurance, marriage, admission types, ICU types, other
comorbidities, SOFA, APACHE Ill, and treatments; model 3 was
adjusted by age, sex, ethnicity, insurance, marriage, admission
types, ICU types, other comorbidities, SOFA, APACHE IIl, and
treatments after PSM. ICU, intensive care unit; HF, heart failure;
OR, odds ratio; Cl, confidence interval; SOFA, Sequential Organ
Failure Assessment; APACHE lIl, Acute Physiology and Chronic
Health Evaluation Il scores; PSM, propensity-score matching.

1,023 patients with congestive HF and cardiomyopathies.
Moreover, most of the included patients were white.
Secondly, the primary diagnoses of patients admitted
to the ICU could not be obtained from the MIMIC-IV
database. Thirdly, the LVEF data were not obtained from
the MIMIC-IV database, and the type of HF in this cohort
could not be distinguished. Fourthly, the determinants of
the severity of congestive HF, such as BNP, could not be
evaluated using the data available from the MIMIC-IV
database.

Conclusions

Comorbid cardiomyopathy increased the risk of composite
endpoints in patients with congestive HF admitted to
the ICU. The risk of comorbid cardiomyopathy was
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Subgroup No. of patients Composite endpoints (%) OR (95% CI) P value
Overall 27,901 8,572 (30.72)
Neither 21,648 6,108 (28.22) Ref
Only HF 5,230 2,119 (40.52) - 1.55 (1.44-1.68) <0.001
Both 1,023 443 (43.30) [asl 1.87 (1.62-2.15) <0.001
ccu 9,400 2,385 (25.37)
Neither 6,200 1,221 (19.69) Ref
Only HF 2,618 925 (35.33) (s 1.49 (1.31-1.68) <0.001
Both 582 239 (41.07) — 1.91 (1.56-2.34) <0.001
MICU/sICU 12,511 4,510 (36.05)
Neither 10,065 3,392 (33.70) Ref
Only HF 2,100 959 (45.67) gl 1.25(1.11-1.41) <0.001
Both 346 159 (45.95) - 1.28 (1.01-1.64) 0.04
TSICU 3,905 1,135 (29.07)
Neither 3,497 950 (27.17) Ref
Only HF 342 158 (46.20) — 1.35(1.02-1.78) 0.037
Both 66 27 (40.91) —H— 1.11 (0.64-1.95) 0.709
NICU 2,085 542 (26.00)
Neither 1,886 468 (24.81) Ref
Only HF 170 63 (37.06) — 1.54 (1.03-2.32) 0.036
Both 29 11 (37.93) > 1.69 (0.73-3.93) 0.224
L
05115225

Figure 2 Subgroup analysis of the different ICU types. HF, heart failure; CCU, coronary care unit; MICU, medical intensive care unit;
ICU, intensive care unit; SICU, surgical ICU; TSICU, trauma ICU; NICU, neurological ICU; OR, odds ratio; CI, confidence interval.

consistently observed in patients admitted to the CCU
and MICU/SICU. Cardiomyopathy is related to the poor
outcomes of critically ill patients with congestive HE.
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Supplementary

Table S1 Comparison of baseline characteristics in different groups after PSM

Variables All patients (n=2,741) Group 1 (n=910) Group 2 (n=838) Group 3 (n=993) P
Age (years), mean = SD 66.83+14.98 65.12+15.19 69.81+14.30 65.87+14.99 <0.001
Males, n (%) 1,809 (66.00) 620 (68.13) 521 (62.17) 668 (67.27) 0.018
Ethnicity, n (%) 0.361
Asian 54 (1.97) 23 (2.53) 16 (1.91) 15 (1.51)
Black 202 (7.37) 64 (7.03) 57 (6.80) 81 (8.16)
Hispanic 70 (2.55) 27 (2.97) 14 (1.67) 29 (2.92)
White 1,708 (62.31) 553 (60.77) 537 (64.08) 618 (62.24)
Other 707 (25.79) 243 (26.70) 214 (25.54) 250 (25.18)
Insurance, n (%) <0.001
Medicaid 168 (6.13) 54 (5.93) 44 (5.25) 70 (7.05)
Medicare 1,189 (43.38) 364 (40.00) 417 (49.76) 408 (41.09)
Other 1,384 (50.49) 492 (54.07) 377 (44.99) 515 (51.86)
Marriage, n (%) <0.001
Divorced 215 (7.84) 59 (6.48) 86 (10.26) 70 (7.05)
Married 1,278 (46.63) 454 (49.89) 359 (42.84) 465 (46.83)
Single 603 (22.00) 193 (21.21) 169 (20.17) 241 (24.27)
Widowed 289 (10.54) 80 (8.79) 120 (14.32) 89 (8.96)
Unknown 356 (12.99) 124 (13.63) 104 (12.41) 128 (12.89)
Admission type, n (%) <0.001
Elective 151 (5.51) 45 (4.95) 45 (5.37) 61 (6.14)
Emergency 1,445 (52.72) 462 (50.77) 458 (54.65) 525 (52.87)
Surgical 280 (10.22) 135 (14.84) 59 (7.04) 86 (8.66)
Urgent 865 (31.56) 268 (29.45) 276 (32.94) 321 (32.33)
ICU type, n (%) <0.001
CvICU 836 (30.50) 342 (37.58) 242 (28.88) 252 (25.38)
CCcuU 574 (20.94) 74 (8.13) 190 (20.67) 310 (31.22)
MICU 465 (16.96) 158 (17.36) 158 (18.87) 149 (15.01)
MICU/SICU 314 (11.46) 114 (12.53) 95 (11.34) 105 (10.57)
SICU 104 (3.79) 44 (4.84) 31 (3.70) 29 (2.92)
TSICU 249 (9.08) 99 (10.88) 67 (8.00) 83 (8.36)
NICU 199 (7.26) 79 (8.68) 55 (6.56) 65 (6.55)
Comorbidity, n (%)
Coronary heart disease 1,411 (51.48) 444 (48.79) 470 (56.09) 497 (50.05) 0.005
Valvular heart disease 806 (29.41) 233 (25.60) 284 (33.89) 289 (29.10) 0.001
Congenital heart disease 117 (4.27) 43 (4.73) 32 (3.82) 42 (4.23) 0.643
Hypertension 1,781 (64.98) 574 (63.08) 573 (68.38) 634 (63.85) 0.044
Atrial fibrillation 1,263 (46.08) 399 (43.85) 412 (49.16) 452 (45.52) 0.076
Diabetes 818 (29.84) 255 (28.02) 260 (31.03) 303 (30.51) 0.330
Peripheral artery disease 361 (13.17) 115 (12.64) 112 (13.37) 134 (13.49) 0.842
Chronic pulmonary disease 714 (26.05) 206 (22.64) 245 (29.24) 263 (26.49) 0.007
Stroke 389 (14.19) 120 (13.19) 125 (14.92) 144 (14.50) 0.550
Dementia 78 (2.85) 19 (2.09) 31 (3.70) 28 (2.82) 0.129
Paraplegia 135 (4.93) 46 (5.05) 37 (4.42) 52 (5.24) 0.703
Rheumatic disease 84 (3.06) 24 (2.64) 31 (3.70) 29 (2.92) 0.414
Peptic ulcer 58 (2.12) 19 (2. 09) 21 (2.51) 18 (1.81) 0.589
Mild liver disease 324 (11.82) 121 (13.30) 86 (10.26) 117 (11.78) 0.145
Severe liver disease 101 (3.68) 39 (4.29) 28 (3.34) 34 (3.42) 0.498
Renal disease 670 (24.44) 190 (20.88) 242 (28.88) 238 (23.97) <0.001
Malignant cancer 221 (8.06) 77 (8.46) 74 (8.83) 70 (7.05) 0.327
Metastatic tumor 95 (3.47) 37 (4.07) 30 (3.58) 28 (2.82) 0.324
AIDS 7 (0.26) 3(0.33) 1(0.12) 6 (0.30) 0.640
Sepsis 1,499 (54.69) 506 (55.60) 460 (54.89) 533 (53.68) 0.693
Vital sign, mean + SD
Weight (kg) 85.02+24.10 84.24+22.18 84.90+25.94 85.83+24.17 0.203
HR (bpm) 87.26+16.73 87.21+£16.46 86.75+15.64 87.72+17.83 0.785
SBP (mmHg) 114.00+15.12 114.57£14.78 114.17+£15.45 113.32+15.12 0.182
DBP (mmHg) 64.18+11.18 64.66+11.33 63.36+10.99 64.43+11.17 0.036
RR (bpm) 19.90+3.98 19.88+4.28 19.81+3.80 19.99+3.86 0.240
Laboratory test
WBC (x10%L), mean + SD 11.56+7.20 11.96+8.06 11.43+6.80 11.30+6.65 0.366
Hemoglobin (g/dL), mean + SD 11.563+2.29 11.58+2.37 11.38+2.22 11.61+2.26 0.076
Platelet (x10%L), mean + SD 205.53+97.96 202.10+103.74 207.25+£99.44 207.22+91.03 0.435
Creatinine (mg/dL), median [IQR] 1.10 [0.80, 1.50] 1.00 [0.80, 1.40] 1.10 [0.80, 1.60] 1.10 [0.80, 1.50] <0.001
Glucose (mg/dL), mean + SD 139.36+67.72 138.54+73.09 140.08+64.79 139.50+65.02 0.890
Na (mmol/L), mean + SD 138.57+4.67 138.56+4.51 138.69+4.92 138.46+4.60 0.585
K (mmol/L), mean + SD 4.25+0.72 4.29+0.72 4.22+0.68 4.25+0.74 0.164
HCO;™ (mmol/L), mean + SD 24.06+4.87 23.81+£4.76 24.23+5.01 24.15+4.85 0.156
Scoring system, median [IQR]
SOFA 513, 8] 513, 8] 6[3, 9] 513, 9] 0.593
APACHE IlI 33 [45, 66] 31 [43, 67] 34 [46, 65] 34 [46, 66] 0.091
Treatment, n (%)
RRT 226 (8.25) 89 (9.78) 55 (6.56) 82 (8.26) 0.051
Mechanical ventilation 1,350 (49.25) 482 (52.97) 420 (50.12) 448 (45.12) 0.002
Vasoactive drugs 1,447 (562.79) 489 (53.74) 442 (52.74) 516 (51.96) 0.741
Antibiotics 2,015 (73.51) 697 (76.59) 629 (75.06) 689 (69.39) 0.001
B-RB 924 (33.71) 272 (29.89) 302 (36.04) 350 (35.25) 0.011
ACEI/ARB 493 (17.99) 86 (9.45) 161 (19.21) 246 (24.77) <0.001
Diuretics 990 (36.12) 260 (28.57) 343 (40.93) 387 (38.97) <0.001
Digoxin 130 (4.74) 19 (2.09) 33 (3.94) 78 (7.85) <0.001

Group 1, patients without cardiomyopathy and congestive HF; group 2, patients only with congestive HF; group 3, patients with
cardiomyopathy and congestive HF. PSM, propensity scores matching; SD, standard deviation; ICU, intensive care unit; CVICU, cardiac
vascular ICU; CCU, coronary care unit; MICU, medical ICU; SICU, surgical ICU; TSICU, trauma ICU; NICU, neurological ICU; AIDS,
acquired immune deficiency syndrome; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory
rate; WBC, white blood cell; Na, sodium; K, potassium; HCO;", bicarbonate; IQR, interquartile range; SOFA, Sequential Organ Failure
Assessment; APACHE lll, Acute Physiology and Chronic Health Evaluation Il scores; RRT, renal replace treatment; p-RB, B-receptor
blockers; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; HF, heart failure.
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