Int J Heart Fail. 2023 Oct;5(4):191-200
https://doi.org/10.36628/ijhf.2023.0014
pISSN 2636-154X-eISSN 2636-1558

International Journal of
Heart Failure

Original Article

‘ '.) Check for updates ‘

In-hospital Outcomes of Aspiration
Pneumonia Hospitalizations With
Acute Heart Failure: A Nationwide
Analysis

Akhil Jain
Karnav Modi
Rajkumar Doshi

, MD?", Sashwath Srikanth @, MD3,
, MD*, Monika Garg (@, MDS¢,
, MBBS?

, MD"’, Maharshi Raval
» MBBS*, Athul Raj Raju
» MD’, and Rupak Desai

'Department of Leukemia, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
2Internal Medicine, Landmark Medical Center, Woonsocket, RI, USA

*Internal Medicine, ECU Health, Greenville, NC, USA

“Division of Research, Moffitt Cancer Center & Research Institute, Tampa, FL, USA

®Internal Medicine, Karuna Medical College, Kerala, India

SIndependent Researcher, Lansdowne, PA, USA

"Cardiology, St Joseph’s University Medical Center, Paterson, NJ, USA

8Independent Researcher, Atlanta, GA, USA

Received: Mar 8, 2023
Revised: Jun 19, 2023
Accepted: Jun 28, 2023
Published online: Jul 17, 2023

Correspondence to

Akhil Jain, MD

The University of Texas MD Anderson Cancer
Center, 1515 Holcombe Blvd, Houston, TX
77030, USA.

Email: akhiljaindr@gmail.com

*Akhil Jain and Maharshi Raval share equal
contributions to the manuscript.

Copyright © 2023. Korean Society of Heart
Failure

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted noncommercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

https://e-heartfailure.org

ABSTRACT

Background and Objectives: There is a paucity of data regarding the impact of acute heart
failure (AHF) on the outcomes of aspiration pneumonia (AP).

Methods: Using National Inpatient Sample datasets (2016 to 2019), we identified admissions
for AP with AHF vs. without AHF using relevant International Classification of Diseases, Tenth
Revision codes. We compared the demographics, comorbidities, and outcomes between the
two groups.

Results: Out of the 121,097,410 weighted adult hospitalizations, 488,260 had AP, of which
13.25% (n=64,675) had AHF. The AHF cohort consisted predominantly of the elderly (mean
age 80.4 vs. 71.1 years), females (47.8% vs. 42.2%), and whites (81.6% vs. 78.5%) than non-
AHF cohort (all p<0.001). Complicated diabetes and hypertension, dyslipidemia, obesity,
chronic pulmonary disease, and prior myocardial infarction were more frequent in AHF than
in the non-AHF cohort. AP-AHF cohort had similar adjusted odds of all-cause mortality (ad-
justed odds ratio [AOR], 0.9; 95% confidence interval [CI], 0.78-1.03; p=0.122), acute respi-
ratory failure (AOR, 1.0; 95% CI, 0.96-1.13; p=0.379), but higher adjusted odds of cardiogenic
shock (AOR, 2.2; 95% CI, 1.30-3.64; p=0.003), and use of mechanical ventilation (MV) (AOR,
1.3; 95% CI, 1.17-1.56; p<0.001) compared to AP only cohort. AP-AHF cohort more frequently
required longer durations of MV and hospital stays with a higher mean cost of the stay.
Conclusions: Our study from a nationally representative database demonstrates an increased
morbidity burden, worsened complications, and higher hospital resource utilization, although
a similar risk of all-cause mortality in AP patients with AHF vs. no AHF.
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INTRODUCTION

Aspiration pneumonia (AP) is a frequent condition encountered
in a clinical setting and accounts for about 5-15% of patients
with community-acquired pneumonia. However, there is a lack
of conclusive data regarding its prevalence in hospital-acquired
pneumonia.” Some of the significant risk factors for developing
AP include oropharyngeal dysphagia, which could be a compli-
cation of neurological illness like an ischemic stroke or an in-
traparenchymal hemorrhage; head and neck cancers, motility
disorders of the esophagus, alcohol/substance use disorder, and
seizure disorder.?

Mortality in patients with AP is high. AP has a higher mortality
than other forms of pneumonia acquired in the community.? A
recent study by Gupte et al.) showed a mortality rate in patients
with AP 0f30.1% and a staggering 76% in patients 75 years or older.
Elderly patients have a higher incidence of AP.¥ This population is
also at risk of having significant heart failure, which can worsen re-
spiratory symptoms and complicate the recovery process. A study
revealed a 6.6-7.9% incidence of heart failure in octogenarians.”
AP may cause sepsis, which worsens heart failure and increases
the risk of both cardiogenic and septic shock. These patients may
also receive up to 30 mL/kg crystalloid bolus, which can signifi-
cantly contribute to fluid overload,
especially in patients with pre-ex-

Cost and Utilization Projects. The NIS contains about 35 million
discharges (weighted) annually. The International Classification
of Diseases is used in the NIS to record diagnoses and procedure
codes. NIS datasets 2016-2019 utilize the International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM), and Procedure Coding System (ICD-10-PCS). Variable
“KEY_NIS” is associated with an individual hospitalization and
subsequent discharge. Since all datasets are de-identified and
openly accessible, our study did not require Institutional Review
Board permission.

Data selection and study population

AP hospitalizations were identified using appropriate ICD-10-
CM codes (Supplementary Table 1) in the primary disease diag-
nosis field. Relevant ICD-10-CM codes were used in the second-
ary diagnosis fields to extract patients with AHF (Supplementary
Table 1). The two cohorts comprised the study arms: the AHF
cohort and the non-AHF cohort (Figure 1).

Baseline variables

Demographic characteristics including age, race, and sex; hos-
pital characteristics including size, region, and teaching status;
and patient-specific characteristics, such as the median household
income, the primary payer source, and the type of admission, were

isting heart failure.® To our best
knowledge, no studies have been
performed that specifically look
at the outcomes of AP in patients
with or without acute heart failure
(AHF). Thus, we aim to identify
this unmet research need, study
in-hospital mortality, and analyze
the length of stay (LOS) and cost
of hospitalization in patients of AP
with AHF through a nationally rep-
resentative sample.

METHODS

Data overview/source

We used the National Inpatient
Sample (NIS) datasets from
2016 to 2019 to obtain our study
cohort. The NIS is supported by
the Agency for Healthcare Re-
search and Quality Healthcare

https://e-heartfailure.org

National inpatient sample 2016-2019
datasets

l

Hospitalizations with age ranging between
18-90 years were selected (weighted
n=121,097,410)

Y

Hospitalizations not associated with AP were
removed (n=120,495,385)

Hospitalizations associated with AP were
identified using relevant ICD 10 codes
(n=602,025)

A,

Eliminated hospitalizations with any
other type of HF other than AHF
(n=113,765)

Final study population with AP with and
without AHF (n=488,260)

l
Y !

With AHF Without AHF
(n=64,675; 13.25%) (n=423,585; 86.75%)

Figure 1. Patient selection and design.

AP = aspiration pneumonia; ICD-10 = International Classification of Diseases, Tenth Revision; AHF = acute heart failure.
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identified using the NIS variables. We used the Elixhauser co-
morbidity software”) to compare the prevalence of comorbidities

Table 1. Baseline characteristics of patients hospitalized with aspiration
pneumonia from national inpatient sample (2016-2019) stratified by AHF

. Lo Characteristics of AP patients AHF absent AHF present  p value
between the two cohorts. Elixhauser comorbidity software uses  (n-488,260, weighted) (n=423,585, (n=64,675,
ICD-10-CM codes in the diagnosis fields and generates the comor- weighted  weighted

e . . 86.75%)  13.25%)
bidities as binary variables (Supplementary Tables 2 and 3). The Demographics
comorbidities included hypertension, diabetes mellitus, valvular Age at admission (mean, years) 71.1 80.4 <0.001
disease, peripheral vascular disease, cerebrovascular disease, Sex <0.001
obesity, renal failure, chronic pulmonary disease, liver disease, ':'alesl i;'g i?':

e qe . . . emales . .
hypothyroidism and other thyroid disorders, paralysis, demen- Race 0.001
tia, depression, autoimmune disorders, HIV/AIDS, alcohol White 78.5 81.6
abuse, and drug abuse. Besides these software-generated comor- African American 10.9 8.7
bidities, we included dysphagia, atrial fibrillation/flutter (aff), Hispanics 72 6.3

L . . 2 . . Asian/Pacific Islanders 2.9 3.0
dyslipidemia, prior myocardial infarction, prior percutaneous Native Americans 0.6 0.4
coronary intervention (PCI), prior coronary artery bypass graft, Median household income* <0.001
obstructive sleep apnea, tobacco use, cocaine, and cannabis use 0-25th 26.8 24.4
e . . _ 26-50th 25.9 95.7
as the other comorbidity binary variables in our study by utilizing 51-75th 045 95 1
the corresponding ICD-10-CM codes in the secondary diagnosis 76-100th 29.7 24.9
fields (Supplementary Tables 2 and 3). Primary expected payer <0.001
Medicare 77.3 89.9
Medicaid 9.5 3.5
Outcomes Private 11.4 6.0
Our primary outcome was in-hospital all-cause mortality (NIS Self-pay 1.7 0.6
in-built variable). Secondary outcomes included sepsis, septic ~ Hospital-specific admitting characteristics
shock, cardiogenic shock, need for mechanical ventilation Ipe B ee g e <0.001
. X X . Non-elective 95.7 97.2
(MV), acute respiratory failure, duration of the requirement of Elective 43 98
MV, LOS, cost of hospitalization (generated using ICD-10-CM Day of admission 0.039
or ICD-10-PCS codes), and 30-day readmission risk (generated Weekday 73.8 73.0
. . Week 26.2 27.
from Elixhauser comorbidity software) (Supplementary Tables 2 feckend 6 0
T ] Bed size of hospital® 0.094
and 3). The cost of hospitalization was generated after matching Small 04.7 24.0
the variable “TOTCHG,” representing the edited total charges of Medium 31.1 32.2
hospitalization per the hospital services for March 2022 provid- Lalee R L
.. Lo Location and teaching status of <0.001
ed by the US Bureau of Labor Statistics as consumer price index hospitalt
(Supplementary Table 4). Rural 12.7 9.6
Urban non-teaching 26.0 27.9
Analysis .Urban teaching 61.3 62.5
. . L. Region of hospital <0.001
We used Stata (version 16) MP edition (Stata Statistical Software, Nt 21.3 21.8
Release 16.; StataCorp LLC, College Station, TX, USA) for statis- Midwest 21.7 23.3
tical analysis. Pearson’s chi-square test was used to analyze cate- Sty S 950
. . . West 18.6 19.3
gorical variables, Student’s t-test was used to analyze continuous S
) ) Comorbidities
variables, and the differences between the AHF and non-AHF co- Dysphagia$ 34.7 33.3 0.003
horts were measured. Survey data analysis was further used for HTN uncomplicated! 46.1 9.7 <0.001
L o . . i I
univariate and multivariate analysis for the odds ratio (OR) and HTN complicated! 15.4 75.6 <0.001
. . i o . o DM without chronic 12.0 11.1 0.003
adjusted odds ratio (AOR) with a 95% confidence interval (95% complications!
CI) of the primary and secondary outcomes. We used baseline DM with chronic complications! 12.9 26.6 <0.001
. . . . . i I
demographics, patient- and hospital-specific admitting charac- Valvular disease 1.0 4.3 <0.001
. d bidities i bl diusti bles f Atrial fibrillation/flutterS 18.5 53.4 <0.001
terlst.lcs,' an cornor' idities 1n'Ta ej 1 as adjusting v%rlg ?s or Peripheral vascular disease! 61 10.6 €0.001
multivariate regression analysis. Elixhauser comorbidity index Dyslipidemia$ 35.4 48.9 <0.001
and risk of 30-day all-cause mortality, generated via Elixhauser Cerebrovascular disease! 9.3 9.7 <0.001
1 il
comorbidity software, were also compared between the two co- Paralysis 6.8 7.3 0.064
h baseli biditv) Prior MIS 4.5 11.1 <0.001
orts as a baseline comorbidity. (continued to the next page)
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Table 1. (Continued) Baseline characteristics of patients hospitalized with
aspiration pneumonia from national inpatient sample (2016-2019) stratified
by AHF

Characteristics of AP patients AHF absent AHF present  p value
(n=488,260, weighted) (n=423,585, (n=64,675,
weighted  weighted
86.75%)  13.25%)
Prior PCIS 3.8 7.8 <0.001
Prior CABGS 4.0 11.3 <0.001
Obesity! 7.2 13.2 <0.001
Renal failure! 1.8 2.8 <0.001
Chronic pulmonary disease! 32.1 43.4 <0.001
OSAS 6.1 10.9 <0.001
Liver disease! 0.1 0.1 0.485
Hypothyroidism! 19.7 23.4 <0.001
Other thyroid disorders! 1.1 1.3 0.018
Demential 29.9 31.3 0.001
Depression! 16.4 14.5 <0.001
HIV/AIDS! 0.4 0.1 <0.001
Autoimmune disorders! 3.4 4.2 <0.001
Tobacco use$ 26.5 26.6 0.946
Alcohol abuse! 5.6 2.8 <0.001
Cocaine use’ 0.8 0.3 <0.001
Cannabis use$ 1.2 0.4 <0.001
Drug abusel 4.0 2.0 <0.001
Elixhauser comorbidity index® 3.8 6.3 <0.001

Values are presented as % unless otherwise indicated.

AHF = acute heart failure; AP = aspiration pneumonia; HTN = hypertension;
DM = diabetes mellitus; MI = myocardial infarction; PCI = percutaneous
coronary intervention; CABG = coronary artery bypass graft; OSA = obstructive
sleep apnea; HIV = human immunodeficiency virus; AIDS = acquired
immunodeficiency syndrome.

“Represents a quartile classification of the estimated median household
income of residents within the patient’s zip code, https://www.hcup-us.ahrq.
gov/db/vars/zipinc_qrtl/nrdnote.jsp.

The bed size cutoff points divided into small, medium, and large have been
done so that approximately one-third of the hospitals in a given region,
location, and teaching status combination would fall within each bed size
category. https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp.
*A hospital is considered to be a teaching hospital if it has an American
Medical Association-approved residency program. https://www.hcup-us.
ahrqg.gov/db/vars/hosp_ur_teach/nrdnote.jsp.

SComorbidities generated separately using relevant International
Classification of Diseases, Tenth Revision, Clinical Modification diagnosis
codes (Supplementary Tables 2 and 3).

Icomorbidities generated using Elixhauser comorbidity software
(Supplementary Tables 2 and 3).

To eliminate the baseline differences between the AHF and non-
AHF cohorts, we used entropy balancing (EB) as the reweighting
method to adjust for covariate imbalances between the two co-
horts. Originally, Hainmueller et al.” described EB as a gener-
alization of the conventional propensity score method, directly
estimating the unit weights from the balanced constraints and
matching the two cohorts for mean, variance, and skewness. This
allows the researcher to obtain a high degree of covariate balance
by imposing a potentially large set of balance constraints as well
as helps retain valuable information in the preprocessed data by
allowing the unit weights to vary smoothly across units.” Next,
in the post-EB population (n=6,406 in each cohort), multivariate
logistic regression for AOR for categorical outcomes and Pois-

https://e-heartfailure.org

son regression for incidence rate ratio for continuous outcomes
was performed. EB was successful for age, sex, hospital-specif-
ic admitting characteristics, median household income, and all
the comorbidities, as mentioned in Table 1. After that, the mul-
tivariate model was used to obtain the predicted probability of
all-cause in-hospital mortality (ACM) and adjusted risk ratio be-
tween the two cohorts. A p value of < 0.05 (95% CI) was chosen.

Ethics statements

We used the publicly available National Inpatient Sample (NIS)
datasets from 2016 to 2019 without any way to trace the identity
of'the patients. Therefore, this study did not require Institutional
Review Board approval and informed consent was not obtained.

RESULTS

Out of the 121,097,410 weighted discharges in the NIS datasets
2016-2019, 602025 AP-related hospitalizations were obtained be-
tween 2016 and 2019. Next, using the relevant ICD-10-CM codes,
we included only patients with AHF and eliminated those indi-
viduals who had heart failure of any other type. Thus, there were
488260 hospitalizations for AP in our study population, of which
13.25% (n=64,675) had AHF and 86.75% (n=423,585) did not.

We compared the baseline demographics, patient-specific,
hospital-specific characteristics and comorbidities between
the two cohorts (Table 1). The AHF cohort consisted predom-
inantly of elderly (mean age, 80.4 years vs. 71.1 years), females
(47.8% vs. 42.2%), whites (81.6% vs. 78.5%), and Medicare en-
rollees (89.9% vs. 77.3%) as compared to the non-AHF cohort
(p<0.001). Looking at hospital-specific admitting characters, the
AHF cohort demonstrated a higher percentage of non-elective
(97.2% vs. 95.7%, p<0.001), weekend (27% vs. 26.2%, p=0.039),
urban teaching, and non-teaching (62.5% vs. 61.3% and 27.9%
vs. 26.0%, p<0.001) hospitalizations than non-AHF. Signifi-
cant regional differences were observed, with Southern centers
having the highest number of AP hospitalizations in both pop-
ulation cohorts (p<0.001). AP hospital admissions in the West,
Midwest, and Northeast were more likely to have AHF than non-
AHF (19.3% vs. 18.6%, 23.3% vs. 21.7%, and 21.8% vs. 21.3%,
respectively) whereas, in the South, non-AHF was more common
(38.4% vs. 35.6%, p<0.001). There was no difference in the
median household income between the cohorts.

Cardiovascular and non-cardiovascular risk factors were com-
pared between the groups. Complicated hypertension (75.6% vs.
15.4%), atrial fibrillation/flutter (53.4% vs. 18.5%), diabetes with
chronic complications (26.6% vs. 12.9%), dyslipidemia (48.9%

https://doi.org/10.36628/ijhf.2023.0014 194
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vs. 35.4%), obesity (13.2% vs. 7.2%), valvular heart disease (4.3%
vs. 1.00%), peripheral vascular disease (10.6% vs. 6.1%), cere-
brovascular disease (9.7% vs. 9.3%), obstructive sleep apnea
(10.9% vs. 6.1%), chronic pulmonary disease (43.4% vs. 32.1%),
renal failure (2.8% vs. 1.8%), hypothyroidism (23.4% vs. 19.7%),
autoimmune conditions (4.2% vs. 3.4%), dementia (31.3% vs.
29.9%), prior MI (11.1% vs. 4.5%), prior PCI (7.8% vs. 3.8%), and
prior CABG (11.3% vs. 4.0%) were significantly more frequent in
AHF than the non-AHF cohort (p<0.001).

We compared the outcomes of patients stratified by AHF with
Pearson coefficient p values (Table 2) and performed regression
analysis for the outcomes (Table 3). We then compared the prima-
ry and secondary outcomes between the two cohorts before and
after EB (Table 4, Figure 2). For the entropy balanced cohorts, we
performed post-regression estimation for predictive probabilities
and adjusted risk ratios of outcomes (Table 5). All-cause in-hos-
pital mortality, which was the primary outcome of the study,
was noted to be 10.5% in the AHF cohort as compared to 6.3%
in the non-AHF cohort with higher odds seen in both univariate
(OR, 1.70; 95% CI, 1.63-1.85; p<0.001), and multivariate logistic
regression before EB (AOR, 1.50; 95% CI, 1.36-1.71; p<0.001).
However, after EB, the odds of mortality were similar between
the two cohorts (AOR, 0.9; 95% CI, 0.78-1.03; p=0.122). For
secondary outcomes, AHF hospitalizations were more likely to
experience cardiogenic shock (1.1% vs. 0.2%, post-EB: AOR, 2.2;
95% CI, 1.30-3.64; p=0.003), and use of mechanical ventilation
(9.5% vs. 7.5%, post-EB: AOR, 1.3; 95% CI, 1.17-1.56; p<0.001).
Use of mechanical ventilation was further sub-grouped based on
the duration of ventilation provided; patients with AHF more fre-
quently required therapy for 24 hours to 96 hours (4.5% vs. 3.5%,
post-EB: AOR, 1.4; 95% CI, 1.12-1.65; p=0.002) and more than
96 hours (3.8% vs. 2.3%, post-EB: AOR, 2.0; 95% CI, 1.53-2.51;
p<0.001). However, after EB, acute respiratory failure, sepsis,
septic shock, and the need for mechanical ventilation within 24
hours of admission showed no significant difference. The mean
length of hospital stay was longer in the AHF cohort than in the
non-AHF cohort (8.3 days vs. 6.0 days, post-EB: AOR, 1.3; 95%
CI, 1.26-1.34; p<0.001) with a higher associated mean cost of
stay (92,769.8 USD vs. 62,800.4 USD, post-EB: AOR, 1.4; 95% CI,
1.24-1.38; p<0.001). The comorbidity index for the risk of 30-day
all-cause readmission was higher in the AHF cohort than in the
non-AHF one (4.6 vs. 4.1, p<0.001). The predictive probabilities
(Figure 3) were higher in AHF for all-cause in-hospital mortali-
ty (0.102 vs. 0.073), cardiogenic shock (0.013 vs. 0.0006), use of
mechanical ventilation (0.097 vs. 0.076), mechanically ventilated
of 24-96 hours (0.050 vs. 0.037), mechanically ventilated for 96
hours (0.036 vs. 0.019), acute respiratory failure (0.412 vs. 0.313)
than non-AHF (p<0.001).

https://e-heartfailure.org

DISCUSSION

Concomitant acute pulmonary and cardiac failures may portend
a poor prognosis. Contemporary data for short-term in-hospi-
tal outcomes of AP in AHF patients is unavailable, and therefore
we conducted this study from the NIS database. We provide
current data with our analysis on the following major points: 1)
AHF cohort had a similar ACM compared to non-AHF patients.
2) Higher overall utilization and longer duration of mechanical

Table 2. Outcomes of patients hospitalized with aspiration pneumonia from
national inpatient sample (2016-20109) stratified by AHF: outcomes with
Pearson coefficient p values

Outcomes AHF absent AHF present p value
(n=423,585, (n=64,675,
weighted  weighted
86.75%)  13.25%)
All-cause in-hospital mortality 6.3 10.5  <0.001
Cardiogenic shock 0.2 1.1  <0.001
Need for mechanical ventilation within 24 5.6 5.6 0.849
hours of admission
Use of mechanical ventilation 7.5 9.5  <0.001
Mechanically ventilated for 24 hours 2.0 1.6 0.013
Mechanically ventilated for 24-96 hours 3.5 4.5  <0.001
Mechanically ventilated for 96 hours 2.3 3.8 <0.001
Acute respiratory failure 27.1 39.8  <0.001
Sepsis 4.3 5.3  <0.001
Septic shock 1.3 2.2 <0.001
Length of hospital stay (mean, days) 6.0 8.3  <0.001
Total cost of hospitalization (mean, USD)* 62,800.4  92,769.8  <0.001
Comorbidity index for risk of 30-day all- 1.6 1.7 0.207
cause mortality
Comorbidity index for risk of 30-day all- 4.1 4.6 <0.001

cause readmission

AHF = acute heart failure.

*NIS variable “TOTCHG” depicting total charges of hospitalization converted
to the total cost of hospitalization in accordance with Consumer Price Index
Hospital Expenditure adjustments to March 2022 (Supplementary Table 4).

Table 3. Outcomes of patients hospitalized with aspiration pneumonia from
national inpatient sample (2016-2019) stratified by acute heart failure:
regression analysis for outcomes

Univariate regression analysis Unadjusted 95% CI  pvalue
OR
All-cause in-hospital mortality 1.7 1.63-1.85 <0.001
Cardiogenic shock 5.4 4.37-6.78 <0.001
Need for mechanical ventilation within 24 1.0 0.93-1.10 0.848
hours of admission
Use of Mechanical ventilation 1.3 1.20-1.37 <0.001
Mechanically ventilated for 24 hours 0.8 0.72-0.96  0.013
Mechanically ventilated for 24-96 hours 1.3 1.19-1.43 <0.001
Mechanically ventilated for 96 hours 1.7 1.50-1.83 <0.001
Acute respiratory failure 1.8 1.71-1.85 <0.001
Sepsis 1.3 1.15-1.36  0.000
Septic shock 1.7 1.46-1.91 <0.001
Length of hospital stay (mean, days) 1.4 1.38-1.43 <0.001
Total cost of hospitalization (mean, USD)* 1.5 1.44-1.51 <0.001

OR = odds ratio; CI = confidence interval.

“NIS variable “TOTCHG” depicting total charges of hospitalization converted
to the total cost of hospitalization in accordance with Consumer Price Index
Hospital Expenditure adjustments to March 2022 (Supplementary Table 4).
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Table 4. Multivariate analysis of outcomes in aspiration pneumonia between entropy balanced acute heart failure cohorts from national inpatient sample:
multivariate logistic regression analysis for AOR

Multivariate regression analysis Before entropy balancing After entropy balancing
AOR 95% ClI p value AOR 95% ClI p value
All-cause in-hospital mortality 1.4 1.22-1.55 <0.001 0.9 0.78-1.03 0.122
Cardiogenic shock 3.8 2.20-6.68 <0.001 2.2 1.30-3.64 0.003
Need for mechanical ventilation within 24 hours of admission 1.1 0.95-1.27 0.221 1.1 0.93-1.31 0.252
Use of mechanical ventilation 1.4 1.22-1.55 <0.001 1.3 1.17-1.56 <0.001
Mechanically ventilated for 24 hours 0.9 0.73-1.22 0.657 0.8 0.61-1.10 0.186
Mechanically ventilated for 24-96 hours 1.3 1.11-1.57 0.001 1.4 1.12-1.65 0.002
Mechanically ventilated for 96 hours 1.9 1.56-2.34 <0.001 2.0 1.53-2.51 <0.001
Acute respiratory failure 1.1 1.04-1.15 <0.001 1.0 0.96-1.13 0.379
Sepsis 1.1 0.92-1.23 0.399 1.0 0.81-1.14 0.651
Septic shock 1.3 0.99-1.61 0.061 1.1 0.83-1.47 0.486
Length of hospital stay (mean, days) 1.3 1.29-1.38 <0.001 1.3 1.26-1.34 <0.001
Total cost of hospitalization (mean, USD)* 1.4 1.29-1.42 <0.001 1.3 1.24-1.38 <0.001

AOR = adjusted odds ratio; CI = confidence interval.

Total cost of hospitalization (mean, USD) - - = Multivariate regression analysis
Length of stay (mean, days) - - after entropy balancing
Septic shock - -—-—«
Sepsis - -—-—a
Acute respiratory failure -4
Mechanically ventilated for 96 hours b
Mechanically ventilated for 24-96 hours - I
Mechanically ventilated for 24 hours - v—-—'
Use of mechanical ventilation _—
Need for mechanical ventilation within 24 hours of admission - -—-—a
Cardiogenic shock - —_—

All-cause in-hospital mortality m

Outcomes

Total cost of hospitalization (mean, USD) - o ® Univariate regression analysis
Length of stay (mean, days) - . before entropy balancing
Septic shock - e
Sepsis - el
Acute respiratory failure e
Mechanically ventilated for 96 hours -t
Mechanically ventilated for 24-96 hours ro-t
Mechanically ventilated for 24 hours -o-c
Use of mechanical ventilation rol
Need for mechanical ventilation within 24 hours of admission m
Cardiogenic shock - —_—————

All-cause in-hospital mortality - o

0 1 2 3 4 5 6 7 8
0Odds ratio (with 95% confidence interval)

Figure 2. Odds ratio of outcomes before and after entropy balancing.
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Table 5. Multivariate analysis of outcomes in aspiration pneumonia between entropy balanced acute heart failure cohorts from national inpatient sample: post-
regression estimation for predictive probabilities and adjusted risk ratios of outcomes for entropy balanced AHF cohorts

Outcomes Probability for non-AHF  Probability for AHF ARD ARR 95% ClI p value
All-cause in-hospital mortality 0.073 0.102 0.029 1.4 1.22 1.58 <0.001
Cardiogenic shock 0.006 0.013 0.007 2.1 1,203 3.49 <0.001
Need for mechanical ventilation within 24 hours of admission 0.054 0.059 0.005 11 0.94 1.27 0.248
Use of mechanical ventilation 0.076 0.097 0.022 1.3 1.14 1.46  <0.001

Mechanically ventilated for 24 hours 0.021 0.017 -0.004 0.8 0.62 1.10 0.197

Mechanically ventilated for 24-96 hours 0.037 0.050 0.012 1.3 1.11 1.58 0.001

Mechanically ventilated for 96 hours 0.019 0.036 0.017 1.9 1.48 2.36  <0.001
Acute respiratory failure 0.313 0.412 0.099 1.3 1.25 1.39 <0.001
Sepsis 0.062 0.060 -0.002 1.0 0.83 1.12 0.652
Septic shock 0.022 0.024 0.002 1.1 0.84 1.44 0.480

Multivariate regression analysis: adjusted for patient demographics, hospital-admitting characteristics, and comorbidities as in Table 1.
AHF = acute heart failure; ARD = adjusted risk difference; ARR = adjusted risk ratio; Cl = confidence interval.
“NIS variable “TOTCHG” depicting total charges of hospitalization converted to total cost of hospitalization in accordance to Consumer Price Index Hospital

Expenditure adjustments to March 2022 (Supplementary Table 4).

1 4

0.5 -
0.306 &
0.25
0.125
)
= 0.07
E 0.0625 0.068
e
a
0.03125 0.034
0.015625 0.017
0.0078125
0.0042 e
0.0039063 L

0.1018
0.097

0.049
0.035

- 0.0125

Non-acute heart failure

—o— All-cause in-hospital mortality
@ Use of mechanical ventilation

—e— Mechanically ventilated for 96 hours

Acute heart failure

--@-- Cardiogenic shock
Mechanically ventilated for 24-96 hours
-@-- Acute respiratory failure

Figure 3. Post-regression estimation for predictive probabilities and adjusted risk ratios of outcomes for entropy-balanced cohorts.

ventilation in the AHF cohort. 3) Resource utilization, including
LOS and cost of hospitalization, was significantly higher in the
AHF cohort. 4) Serious complications, including cardiogenic
shock, were higher in the AHF cohort.

The prevalence of heart failure in patients with AP has varied widely
from 7.5% to 52.4% in various studies.!”®® We believe such a high
variation in heart failure prevalence in the study group is likely due
to single-center studies, which are prone to variations due to popu-
lation demographics. None of these studies, however, had a sample
size as our study from the NIS database. We report a 13.25% prev-
alence of AHF in patients with AP. Advanced age significantly con-

https://e-heartfailure.org
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tributes to morbidity and mortality in patients with AP and AHF.
Older patients are at an increased risk of frailty, oropharyngeal dys-
phagia, stroke, altered mental status, and dementia — all of which
are risk factors for AP. Our study reports a higher mean age in the
AHF cohort of 80.4 years compared to the non-AHF group. Heart
failure primarily affects older patients, and with each decade after
age 65, the incidence of HF doubles in men and triples in women."
More than half of patients hospitalized with heart failure are over 75
years old." A retrospective study by Christiansen et al. from nation-
al registries of Denmark looking at age-specific trends observed the
mean age to be 74 in patients with heart failure.’ The proportion of
females was higher in the AHF cohort in our study, and this is simi-
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lar to a previous study by Tandon et al. observing gender disparities
in heart failure patients."”)

Studies have been conducted previously that look at heart failure
as a risk factor for mortality in patients with AP; however, it was
not the primary goal of these studies. Yoon et al.,' in their study
on factors implicated in the mortality of patients with AP, did
not find heart failure to be a significant factor. The limitation of
this study was that it was a single-center retrospective study, and
thus data cannot be generalized.’” Won et al.*®) conducted a study
based on data from a national database. They also did not find
heart failure statistically significant in increasing the risk of mor-
tality.!® This study from the Korean national database specifically
looked at patients with Parkinson’s disease. These are high-risk
patients who have Parkinson’s disease and AP and are deemed to
have higher mortality, irrespective of the comorbidities. Other
comorbidities such as hypertension, diabetes, ischemic heart dis-
ease, cancer, atrial fibrillation, and chronic kidney disease were
also not associated with higher mortality in the patient popu-
lation in this study. Therefore, as this study looks at a subset of
high-risk populations, the results cannot be considered conclu-
sive. Our study from a nationally representative database demon-
strates similar in-hospital all-cause mortality in the AHF cohort
when compared to the non-AHF cohort despite worse outcomes
in terms of increased cardiogenic shock, use of mechanical venti-
lation, LOS, and total cost of hospitalization. This suggests that
the mortality in both groups is likely secondary to the disease of
AP itself. We could not analyze the cardiovascular mortality in this
study; however, it would be interesting to see whether AHF would
lead to higher cardiovascular mortality in AP patients.

Various factors could be attributed to this result and may be con-
sidered a limitation of the current study. AP leads to stress in the
body and the development of systemic inflammatory response
syndrome and, thus, sepsis. Some of the major inflammatory
cytokines involved in this process include tumor necrosis fac-
tor-alpha, interleukin 1 beta, and interleukin 6. They play a sig-
nificant role in myocardial depression. An increase in systemic
catecholamine and multiorgan failure augments this inflamma-
tory response.” These cytokines can also lead to the worsening
of diastolic function and an increase in the permeability of the
vascular bed. This leads to a clinical picture of hypovolemia which
reflexively causes tachycardia, increases myocardial demand, and
worsens diastolic function by reducing the diastolic filling time.?
The results of our study, although specific to AP, are in conjunc-
tion with available literature for a broader etiology of sepsis.

Another mechanism by which AHF can lead to worse outcomes
is the alteration in lipoprotein metabolism. Infective conditions

https://e-heartfailure.org

such as AP predispose to increased plasma triglyceride and free
fatty acid levels. This is also associated with decreased energy
utilization in the myocardium and other organs. With the ma-
jority of the cardiac energy being derived from lipid oxidation,
conditions like AP which cause reduced fatty acid oxidation, lead
to significant demand-supply mismatch leading to myocardial
depression.? Patients with baseline congestive heart failure are
at increased risk of further such complications and thus con-
tribute to worse outcomes like AHF, mortality, and morbidity.
As noted above, patients with AP and AHF are typically elderly.
This population is at significant risk of undiagnosed coronary
artery disease (CAD) if not yet already diagnosed. AP can lead to
significant variations in the hemodynamics of the patient. This,
coupled with CAD, can trigger global or regional myocardial
ischemia or infarction, leading to increased cardiogenic shock.?)

Acute respiratory failure from AP further complicates AHF. De-
creased oxygen saturation and oxygen supply to the myocardium
due to inadequate ventilation by the affected lung segment offer
an additional strain on the myocardium. Experiments in animal
models have shown that hypoxia induces a reduction in the
heart's mechanical function.? The results of our study in terms
of time to onset and duration of invasive mechanical ventilation in
AHF versus non-AHF cohorts of AP are very interesting. Our study
shows that patients with AHF and AP have a longer time until me-
chanical ventilation initiation than the non-AHF group. Once me-
chanical ventilation is initiated, its duration is also longer in the
AHF cohort. This may be due to the early use of non-invasive me-
chanical ventilation in patients with AHF, which has been shown
to be beneficial in preventing/delaying the need for invasive me-
chanical ventilation.® The use of continuous or bilevel positive
airway pressure ventilation helps in providing relief and avoiding
intubation in patients in the early days. However, once invasive
mechanical ventilation is initiated, AHF significantly contributes
to respiratory failure from AP and increases the duration of inva-
sive mechanical ventilation required for these patients.

Wu et al., in their study of the NIS database from 2002 to 2012,
noted a median LOS of 6 days for patients admitted with AP. Our
study also shows similar results for patients without AHF, but
the presence of AHF increases the LOS to a mean of 8.3 days. As
noted in the mechanisms above, the presence of AHF increases
the risk of complications from AP. Thus, patients with a com-
bination of both AHF and AP are likely to be sicker, requiring
longer LOS. The cost of hospitalization is directly associated with
LOS. Also, the concurrent management of multiple conditions
increases resource utilization and, thus, the cost associated with
the hospital stay. However, it is essential to note the increase in
the cost of hospitalization in these years. Wu et al.?® reported a
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median cost of $30,280 in 2012 for the management of AP in pa-
tients with ages >65 years. Even the non-AHF cohort in our study
had a mean cost of $62,800 for the hospitalization, with the AHF
cohort having an even higher cost of $92,769. Judicial use of re-
sources is of utmost importance in controlling the rise in hospi-
tal prices and expenditures.

The NIS database only allows retrospective analysis of datasets.
Despite our careful use of validated ICD 10 diagnosis and pro-
cedure codes, there is still a possibility of error in the inclusion
and exclusion of the sample population due to coding errors in
administrative datasets like NIS. NIS does not provide data on
the type, cause, and severity of AP, nor does it provide data on
cardiovascular mortality, the hemodynamic parameters of AHF,
ejection fraction, number of vasopressors, or pre-or post-proce-
dural status for stratification, and therefore, sub-group analysis
was not possible. Based on NIS data, it is not possible to study
the procedure's outcomes by high or low-volume hospitaliza-
tions. Owing to the possibility of these unmeasured confound-
ers, we preferred to choose EB for reweighting as it balances
covariates with mean, variance, and skewness between the two
cohorts. Despite these limitations, we provide the contemporary
data on the in-hospital outcomes of AHF in AP patients from the
large nationally representative database.

Our study from a nationally representative database demonstrates
that AP patients with AHF have similar odds of mortality than that
those without AHF. However, those with AHF are more prone to
developing serious complications, including cardiogenic shock,

and the need for mechanical ventilation. This translates to sig-
nificantly higher hospital resource utilization in those with AHF.
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