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A B S T R A C T

Introduction: The role of palliative care services in patients with cardiac arrest complicating acute pulmonary 
embolism has been infrequently studied.
Methods: All adult admissions with pulmonary embolism complicating cardiac arrest were identified using the 
National Inpatient Sample (2016–2020). The primary outcome of interest was the utilization of palliative care 
services. Secondary outcomes included predictors of palliative care utilization and its association of with in- 
hospital mortality, do-not-resuscitate status, discharge disposition, length of stay, and total hospital charges. 
Multivariable regression analysis was used to adjust for confounding.
Results: Between 01/01/2016 and 12/31/2020, of the 7,320 admissions with pulmonary embolism complicating 
cardiac arrest, 1229 (16.8 %) received palliative care services. Admissions receiving palliative care were on 
average older (68.1 ± 0.9 vs. 63.2 ± 0.4 years) and with higher baseline comorbidity (Elixhauser index 6.3 ± 0.1 
vs 5.6 ± 0.6) (all p < 0.001). Additionally, this cohort had higher rates of non-cardiac organ failure (respiratory, 
renal, hepatic, and neurological) and invasive mechanical ventilation (all p < 0.05). Catheter-directed therapy 
was used less frequently in the cohort receiving palliative care, (2.8 % vs 7.9 %; p < 0.001) whereas the rates of 
systemic thrombolysis, mechanical and surgical thrombectomy were comparable. The cohort receiving palliative 
care services had higher in-hospital mortality (85.7 % vs. 69.1 %; adjusted odds ratio 2.20 [95 % CI 1.41–3.42]; 
p < 0.001). This cohort also had higher rates of do-not-resuscitate status and fewer discharges to home, but 
comparable hospitalization costs and length of hospital stay.
Conclusions: Palliative care services are used in only 16.8 % of admissions with cardiac arrest complicating 
pulmonary embolism with significant differences in the populations, suggestive of selective consultation.

Introduction

After myocardial infarction and stroke, acute pulmonary embolism 
(PE) is the third most common cardiovascular cause of death in the 
United States with 60,000–100,000 deaths per year.1–3 PE accounts for 

2–9 % of all out-of-hospital CA and 5–6 % of all in-hospital CA.4–6

Approximately 70 % of the deaths following CA secondary to PE occur in 
the first hour.7 The surviving patient population has a poor quality of life 
with multiple readmissions and hence can benefit significantly from the 
utilization of palliative care services (PCS).8 In acutely ill patients, PCS 

Abbreviations: CA, cardiac arrest; HCUP, healthcare cost and utilization project; NIS, national inpatient sample; PCS, palliative care services; PE, pulmonary 
embolism.
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are intended to improve the quality of life of the patient and their 
families by providing psychosocial and spiritual support.9 Within car
diovascular medicine, a majority of the published literature has focused 
on PCS use in patients with acute decompensated heart failure with 
limited data available for other acute conditions.8,10–13 The utilization 
and predictors of PCS in patients with PE who present with CA are not 
fully elucidated. Through this study, we sought to evaluate the rates of 
use and predictors of PCS in admissions with PE with CA.

Methodology

Study population

The National (Nationwide) Inpatient Sample (NIS) is the largest 
publicly available all-payer inpatient database designed by the Agency 
for Healthcare Research and Quality (AHRQ) for the Healthcare Cost 
and Utilization Project (HCUP).14 This database contains data from 7 
million hospital stays each year which when weighted contains data 
from an estimated 35 million hospitalizations annually.14 No Institu
tional review board was sought due to the database being publicly 
available and having deidentified patient information.

The 2016–2020 database was used for this retrospective analysis 
with adult (≥18 years) PE admissions as a primary diagnosis field. In
ternational Classification of Diseases, Tenth Revision, Clinical Modifi
cation codes (ICD-10-CM) I2601, I2602, I2609, I2690, I2692, I2693, 
I2694, and I2699 were used to identify admissions with PE.15–16 A 
secondary diagnosis of CA was identified using ICD-10-CM codes I460, 
I461, I462, I468, I469, I490, I4901, and 5A12012. Both out-of-hospital 
and in-hospital CA were considered together due to poor discrimination 
based on administrative codes.17–18 The utilization of PCS was identified 
using ICD-10-CM code Z51.5.13 The validation studies for PCS utiliza
tion using ICD-9-CM code V66.7 have demonstrated moderate sensi
tivity and high specificity (>90 %). They have noted that when the ICD- 
9-CM code V66.7 is documented, >90 % inpatient admissions receive 
PCS consultation.19–20 There is a lack of similar validation studies for 
ICD-10 CM code Z51.5 with one study reporting under-representation of 
inpatient PCS utilization using this ICD-10-CM code.21 Patient charac
teristics including age, race, sex, disease burden using Elixhauser Co
morbidity Index, median household income for zip codes reported by 
national quartiles, primary payer, hospital region, hospital bed size, 
location, and teaching status were included. Acute organ failure and 
complications, utilization of non-cardiovascular organ support, cardio
vascular procedures, and medications including vasopressors, were 
identified using previously elucidated methodology from our group 
(Supplementary Table 1).22–23

The primary outcome of interest was the inpatient use of PCS in PE 
with CA. Secondary outcomes included predictors of PCS utilization and 
association of PCS utilization with in-hospital mortality, do-not- 
resuscitate (DNR) status, discharge disposition, length of stay, and 
total hospital charges.

Statistical analysis

As recommended by HCUP-NIS, admissions were weighted using 
discharge-level weights to estimate national estimates of PE admis
sions.14 Consistent with HCUP-NIS best practices, the details regarding 
admissions were limited to inpatient factors since NIS does not cover 
outpatient data and only those administrative codes which had been 
validated by previous similar studies were used.24 All encounters were 
treated as hospitalizations rather than individual patients, since the 
HCUP-NIS does not track readmissions on the same patient.24 Contin
uous variables were evaluated using a t-test and categorical variables 
using a chi-square test. A multivariable regression analysis adjusting for 
relevant variables was performed for in-hospital mortality and an odds 
ratio (OR) with 95 % confidence intervals (CI) was used to represent the 
data. For inclusion in multivariable modeling, regression analysis with a 

threshold of p < 0.20 in the univariate analysis of clinically relevant 
variables was performed. Statistical significance was determined by a 
two-tailed p < 0.05. All statistical analyses were performed using STATA 
16.0 software (StataCorp LLC, College Station TX).

Results

Between January 1, 2016, and December 31, 2020, there were a total 
of 904,079 non-elective admissions with a primary diagnosis of PE, of 
which CA was present in 7,320 (0.8 %). Use of PCS was documented in 
1,229 (16.8 %) admissions with CA complicating PE and in 3.6 % 

Table 1 
Baseline and in-hospital characteristics of pulmonary embolism admissions with 
cardiac arrest.

Baseline characteristics Palliative 
care 
(N¼1,229)

No palliative 
care 
(N¼6,091)

P

Age 68.1 ± 0.88 63.2 ± 0.42 <0.001
Race
• White 746(60.7 %) 3495(57.4 %) 0.34
• Black 313(25.5 %) 1675(27.5 %) 0.52
• Hispanic 59(4.8 %) 451(7.4 %) 0.15
• Asian 29(2.4 %) 97(1.6 %) 0.39
• Native American 0 18(0.3 %) 0.36
• Others 34(2.8 %) 171(2.8 %) 0.96
• Missing 49(4 %) 195(3.2 %) 0.57
Females 691(56.2 %) 3228(53 %) 0.35
Elixhauser Index 6.3 ± 0.12 5.6 ± 0.6 <0.001
Household income national quartile 0.03
• 0-25th 340(27.7 %) 2015(33.1 %)
• 25-50th 371(30.2 %) 1480(24.3 %)
• 50-75th 246(20 %) 1505(24.7 %)
• 75-100th 270(22 %) 1078(17.7 %)
Primary payer <0.01
• Medicare 775(63.1 %) 3087(50.7 %)
• Medicaid 104(8.5 %) 743(12.2 %)
• Private 248(20.2 %) 1765(29 %)
• Self-pay 69(5.6 %) 329(5.4 %)
• No Charge − −

• Others 25(2 %) 158(2.6 %)
Hospital region 0.57
• Northeast 198(16.1 %) 933(15.3 %)
• Midwest 333(27.1 %) 1436(23.6 %)
• South 448(36.4 %) 2490(40.9 %)
• West 248(20.2 %) 1218(20 %)
Hospital bed size 0.81
• Small 204(16.6 %) 907(14.9 %)
• Medium 362(29.5 %) 1854(30.4 %)
• Large 662(53.8 %) 3327(54.6 %)
Hospital location/teaching status 0.62
• Rural 54(4.4 %) 262(4.3 %)
• Urban Non-teaching 183(14.9 %) 1064(17.5 %)
• Urban teaching 990(80.5 %) 4752(78 %)
Acute organ failure and complications
• Renal failure 775(63.1 %) 2950(48.5 %) <0.001
• Respiratory failure 1078(87.8 %) 4694(76.9 %) <0.001
• Hepatic failure 367(29.9 %) 1019(16.7 %) <0.001
• Hematologic failure 343(27.9 %) 1356(22.2 %) 0.05
• Neurologic failure 765(62.3 %) 1894(31.1 %) <0.001
Intracranial hemorrhage 34(2.8 %) 109(1.8 %) 0.34
Bleeding complications 233(19 %) 1161(19.1 %) 0.96
Non-cardiovascular organ support
• Non-invasive ventilation 39(3.2 %) 426(7 %) 0.02
• Invasive ventilation 1134(92.3 %) 4592(75.5 %) <0.001
• Hemodialysis 88(7.2 %) 305(5 %) 0.14
Cardiovascular procedures
• Catheter-directed therapy 34(2.8 %) 481(7.9 %) <0.01
• Systemic thrombolysis 432(35.2 %) 2164(35.6 %) 0.89
• Mechanical thrombectomy 59(4.8 %) 365(6 %) 0.46
• Surgical thrombectomy 20(1.6 %) 55(0.9 %) 0.30
• Pulmonary artery 

catheterization
10(0.8 %) 55(0.9 %) 0.79

Vasopressor use 358(29.1 %) 1402(23.1 %) 0.05

Represented as: N(%); Percentage or mean ± standard deviation
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admissions with PE but not CA (unadjusted OR 5.35; 95 % CI 4.75–6.02; 
p < 0.001). Admissions who received PCS were on average older, with 
higher baseline comorbidity, and had Medicare as the primary payer 
(Table 1). The cohort receiving PCS had higher rates of non-cardiac 
organ failure including respiratory, renal, hepatic, and neurological 
failure, and higher rates of invasive mechanical ventilation (all p < 
0.05) (Table 1). Catheter-directed therapy was used less commonly in 
the PCS cohort, whereas the rates of systemic thrombolysis, mechanical 
thrombectomy, surgical thrombectomy, and pulmonary artery cathe
terization were comparable. In a multivariable logistic regression, older 
age, a lower median household income, neurologic failure, and utiliza
tion of invasive mechanical ventilation were independently associated 
with PCS use (Fig. 1 and Supplementary Table 3).

A total of 5,260 (71.9 %) patients died during hospitalization. The 
PCS cohort had higher in-hospital mortality – 85.7 % vs. 69.1 %, un
adjusted OR 2.69 (95 % CI 1.85–3.92); p < 0.001. After multivariable 
adjustment, the cohort receiving PCS continued to demonstrate higher 
in-hospital mortality (adjusted OR 2.20; 95 % CI 1.41–3.42; p < 0.001), 
as did patients who had a do-not-resuscitate status (Fig. 2 and Supple
mentary Table 2). The PCS cohort had higher rates of do-not-resuscitate 
status, and fewer discharges to home, but comparable hospitalization 
costs and length of hospital stay (Table 2).

Discussion

In this first national study exploring the utilization of PCS in PE 
complicated by CA, 16.8 % of admissions received PCS. Older age, lower 
household income, neurologic failure, and utilization of invasive me
chanical ventilation were predictive of PCS utilization. The cohort 

receiving PCS had lower utilization of non-invasive mechanical venti
lation and catheter-directed therapies, higher in-hospital mortality, 
more frequent use of do-not-resuscitate status, and fewer discharges to 
home.

PE presenting with hemodynamic instability is associated with a 
mortality rate of 30 % but is as high as 95 % in patients with CA.25

Empiric treatment with thrombolytic therapy including recombinant 
tissue plasminogen activators has been recommended in the guidelines 
of multiple societies in cases where CA is suspected secondary to massive 
PE.26 As noted in this study, around one-third of admissions (35.2 % in 
the PCS cohort and 35.6 % in the non-PCS cohort) received systemic 
thrombolysis. In patients with contraindications for thrombolytics, there 
have also been reports on the successful utilization of catheter-directed 
mechanical thrombectomy and surgical embolectomy in patients with 
concomitant PE and CA.27.

There are only a small number of patients that survive CA and even 
fewer that have optimal quality of life. This surviving patient population 
has frequent interactions with the medical system and often have a poor 
quality of life and increased resource utilization with increased visits to 
health care facilities.28 Consequently, this patient population can benefit 
significantly from increased utilization of PCS. Even though the utili
zation of PCS was significantly higher in admissions with PE and CA 
(16.8 %) when compared to PE without CA (3.6 %), the rate of PCS 
utilization remained low overall which is in accordance with prior ob
servations in cardiovascular disease. This is partly in the setting of 
limited awareness of these services, lack of robust PCS training, and the 
stigma of end-of-life care associated with them leading to either delayed 
referral or no referral at all. In our study, despite being sicker at baseline, 
receiving similar interventions, and in some instances, requiring more 

Fig. 1. Predictors of palliative care services utilization among admissions with cardiac arrest complicating pulmonary embolism. Abbreviations: PCS: 
palliative care services.
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intensive life-supportive measures, the costs and lengths of hospital stay 
in the PCS were comparable to the cohort that did not receive PCS.

Limitations

The study was done using a large administrative dataset and has 
limitations inherent to this database. The National Inpatient Sample 
identifies admissions based on the discharge diagnoses, exclusion of 
admissions having PE with CA and inclusion of admissions with other 
diagnoses is possible due to errors in coding. Admissions with out-of- 
hospital CA due to PE could have been coded to have a primary diag
nosis of CA with a secondary diagnosis of PE and subsequently missed in 
our analysis. In addition, the timing and reason for PCS referral and the 
intervention done could not be assessed using this dataset. HCUP-NIS 
does not provide information regarding symptoms or severity of 

symptoms, computed tomographic scan findings, echocardiographic 
variables, angiographic data, and various hemodynamic parameters 
making it difficult to assess disease severity. Lastly, the ICD-10 CM code 
Z51.5 has not been extensively validated by prior studies. This can lead 
to misrepresentation of the data related to specific procedures and in
terventions leading to imprecise data analysis and interpretation.

Conclusions

In this large national analysis, PCS was used only in 16.8 % of ad
missions with CA complicating PE. Despite the high mortality associated 
with this disease process, there are perceived barriers to the utilization 
of PCS. Further descriptive studies evaluating the patient, provider, and 
hospital-specific barriers to PCS implementation are needed.
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