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ABSTRACT

BACKGROUND: Short-term outcomes of pulmonary embolism are closely related to right ventricular dys-

function and patient’s hemodynamic status, but also to individual comorbidity profile. However, the impact

of patients’ comorbidities on survival during pulmonary embolism might be underrated. Although the Charl-

son Comorbidity Index (CCI) is the most extensively studied comorbidity index for detecting comorbidity

burden, studies analyzing the impact of CCI on pulmonary embolism patients’ survival are limited.

METHODS: We used the German nationwide inpatient sample to analyze all hospitalized patients with pul-

monary embolism in Germany 2005-2020 and calculated CCI for each patient, compared the CCI classes

(very low: CCI = 0 points, mild: CCI = 1-2 points, moderate: CCI = 3-4, high severity: CCI >4 points) and
impact of CCI class on outcomes.

RESULTS: Overall, 1,373,145 hospitalizations of patients with acute pulmonary embolism (53.0% females,

55.9% aged ≥70 years) were recorded in Germany between 2005 and 2020; the CCI class stratified them.

Among these, 100,156 (7.3%) were categorized as very low; 221,545 (16.1%) as mild; 394,965 (28.8%)

as moderate; and 656,479 (47.8%) as patients with a high comorbidity burden according to CCI class. In-

hospital case fatality increased depending on the CCI class: 3.6% in very low, 6.5% in mild, 12.1% in

moderate, and 22.1% in high CCI class (P < .001). CCI class was associated with increased in-hospital

case fatality (odds ratio 2.014; 95% confidence interval, 2.000-2.027; P < .001).

CONCLUSION:Our study results may help practitioners to better understand and measure the association between

an aggravated comorbidity profile and increased in-hospital case fatality in patients with pulmonary embolism.
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INTRODUCTION
Pulmonary embolism is a cardiovascular life-threatening

acute event afflicted by high morbidity and mortality.1−6,10

While the annual incidence of pulmonary embolism has

increased in the past two decades, the case fatality of this

emergency event decreased in the same time.3,7−10 Mortal-

ity caused by pulmonary embolism is strongly and closely

related to the patient’s hemodynamic status and cardiac

involvement, including right ventricular dysfunction or

myocardial injury, as well as the patient’s comorbidity pro-
CLINICAL SIGNIFICANCE

� Mortality of pulmonary embolism is
strongly related to hemodynamic status,
right ventricular dysfunction, and
patients’ comorbidity burden.

� The Charlson Comorbidity Index is an
established tool to assess comorbidity
burden of patients.

� The Charlson Comorbidity Index class
impacts substantially on case fatality
and major adverse cardiovascular and
cerebrovascular events in pulmonary
embolism independently of markers of
hemodynamic compromise.

� Increase in Charlson Comorbidity Index
class by 1 was associated with an
approximate 2-fold risk of dying during
the in-hospital stay.
file.2−4,6,11−17 In that sense, the

patient’s comorbidity burden deter-

mines their capacity to face the strain

of acute pulmonary embolism driven

by right ventricular dysfunction and

right heart injury, and the comorbidity

burden of each patient can be under-

stood and interpreted as the basis of

the withstanding against the stress,

adaptations, and complications result-

ing from the acute pulmonary embo-

lism event.2,18−20 Although scores

such as the Pulmonary Embolism

Severity Index (PESI) and its simpli-

fied version (sPESI)21−23 are already

in use for prognosis prediction of

acute pulmonary embolism,19,21−29

the risk assessment of comorbid bur-

den in acute pulmonary embolism is

still under debate and

developing.6,19,20 The Charlson

Comorbidity Index (CCI) is an estab-

lished tool to assess the comorbidity

burden of patients with different comor-

bidity profile and underlying diseases.30
Thus, the aim of the present study was to identify the

impact of comorbidity burden mirrored by CCI class on

outcomes in pulmonary embolism patients.
METHODS

Data Source
The Research Data Center (RDC) of the Federal Bureau of

Statistics (Wiesbaden, Germany) conducted and performed

the statistical analysis on our behalf. The RDC provided

aggregated statistics on the basis of SPSS codes (IBM

SPSS Statistics for Windows, Version 20.0, 2011; IBM;

Armonk, NY), which we had supplied to the RDC (source:

RDC of the Federal Statistical Office and the Statistical

Offices of the federal states, Diagnosis Related Group

[DRG] Statistics 2005-2020, own calculations).3,31

With this data analysis of the German nationwide inpa-

tient sample, we aimed to investigate the impact of the

comorbidity burden assessed by the CCI on case-fatality

rate in acute pulmonary embolism (International
Classification of Diseases [ICD] code I26) during the obser-

vational period between 2005 and 2020.
Study Oversight and Support
Because our study did not consist of direct access by the

investigators to individual patient data, but only to summa-

rized results provided by the RDC, approval by an ethics

committee as well as patients’ informed consent were not

required, in accordance with German law/legacy.3,31
Coding of Diagnoses,
Procedures and
Definitions
During the year 2004, shortly

after the turn of the millennium,

diagnosis- and procedure-related

remuneration was introduced in

the German health care system.

The coding of patient data on

diagnoses, coexisting condi-

tions, and surgeries, as well as

on procedures/interventions

according to the German Diag-

nosis Related Groups (G-DRG)

system and transfer of these

codes to the Institute for the

Hospital Remuneration System,

is mandatory for German hospi-

tals to get their

remuneration.15,16 Patients’

diagnoses are coded according

to the International Statistical

Classification of Diseases and
Related Health Problems, 10th revision, with German mod-

ification (ICD-10-GM).15,16 In addition, the surgical, diag-

nostical, and interventional procedures are coded according

to OPS codes (Operationen- und Prozedurenschl€ussel).
In the present analysis of the German nationwide inpa-

tient sample, we identified all hospitalizations of patients

with pulmonary embolism in Germany during the observa-

tional period between 2005 and 2020.
CCI Classes
Hospitalizations were categorized according to the calcu-

lated CCI class, and the impact of comorbidity burden (CCI

class) on outcomes was investigated. The CCI is the most

extensively studied comorbidity index.32 The CCI classes

were defined as very low severity of comorbid diseases

with CCI of 0 points, mild severity of comorbid diseases

with CCI values of 1-2 points, a moderate severity of

comorbid diseases with a CCI of 3-4 points, and high sever-

ity of comorbid diseases when CCI is calculated with >4
points.30,33



Keller et al Categorization of Patients With Pulmonary Embolism by CCI 729
Study Outcomes
The primary study outcome was defined as death from all

causes during in-hospital stay (in-hospital death). Second-

ary study outcomes were major adverse cardiovascular and

cerebrovascular events (MACCE, composite of all-cause

in-hospital death, acute myocardial infarction [ICD code

I21], or ischemic stroke [ICD code I63]), hemodynamic

instability (defined as shock [ICD code R57] or cardiopul-

monary resuscitation [OPS code 8-77]), right ventricular

dysfunction (ICD code I26.0), occurrence of pneumonia

(ICD codes J12-J18), and necessity of transfusion of blood

components (OPS code 8-800).
Statistical Analysis
As mentioned above, for each hospitalization with pulmo-

nary embolism, the CCI value was calculated and hospital-

izations of patients with pulmonary embolism were

categorized according to the CCI classes.30,33 The differen-

ces between the CCI classes for the investigated categorical

variables were tested statistically by Fisher’s exact or chi-

squared test, as appropriate. Temporal trends regarding

annual and age-depending proportions of CCI classes, as

well as absolute numbers of hospitalizations of the different

CCI classes and of corresponding outcome rates, were ana-

lyzed by linear regression analyses. The results are pre-

sented as beta (b) estimates with the corresponding 95%

confidence intervals (CI). In addition, we calculated logistic

regression models to investigate associations between CCI

classes and the mentioned outcomes, as well as adverse in-

hospital events. To prove the independence of these find-

ings from hemodynamic compromise, we further adjusted

the logistic regression models for severe pulmonary embo-

lism (defined as right ventricular dysfunction, tachycardia,

shock, or cardiopulmonary resuscitation). Results were pre-

sented as odds ratios (OR) and 95% CI. Moreover, a

receiver operating curve analysis was performed to analyze

CCI as well as CCI class as predicting models for in-hospi-

tal case fatality. All statistical analyses were carried out

using SPSS. Only P values of < .05 (2-sided) were statisti-

cally significant. Due to the explorative nature of the analy-

sis, no adjustment for multiple testing was applied.
RESULTS
Overall, 1,373,145 hospitalizations of patients with pulmo-

nary embolism were included in the present study between

2005 and 2020. Among these, 100,156 (7.3%) were catego-

rized as very low severity of comorbid diseases according

to CCI score (0 points), 221,545 (16.1%) as mild severity

of comorbid diseases according to CCI score (1-2 points),

394,965 (28.8%) as moderate severity (3-4 points), and

656,479 (47.8%) as high severity (>4 points) (Table 1).
During the observational period, absolute numbers of

hospitalizations of pulmonary embolism patients in all CCI

classes increased from 2005 to 2020, but the increase was

largest for the high severity class, mirroring the aging
German population with aggravating comorbidity burden

(Figure 1A). The proportion of pulmonary embolism

patients in the high CCI class increased in the later years

and with growing age (Figures 1B-D). Overall, patients’

CCI class increased over time (b 0.097; 95% CI, 0.088-

0.105; P < .001) and with age decade (b 1.131; 95% CI,

1.129-1.133; P < .001).

As shown in Table 1, patients’ age and comorbidity bur-

den increased significantly with CCI classes, thereby con-

firming the function of CCI calculation to evaluate

comorbidity burden. While most pulmonary embolism

patients in nearly all CCI classes were of female sex, the

proportion of male patients exceeds female patients by

approximately 20% in the CCI class with mild severity of

comorbid disease. Length of in-hospital stay was not

affected by comorbidity burden classified by CCI classes in

the very low and mild severity CCI classes, but increased

substantially with moderate and high severity of comorbid

disease (Table 1). Interestingly, the rate of obese patients

with pulmonary embolism was higher in CCI classes cate-

gorizing very low and mild severity of comorbid disease in

comparison with CCI classes with larger comorbid burden.

Higher CCI classes were attributed to higher rates regard-

ing the presence of risk stratification markers and markers of

hemodynamic compromise. The rate of coded right ventric-

ular dysfunction (very low: 19.3%, mild: 24.5%, moderate:

28.5%, high: 29.7%; P < .001) as well as occurrence of

hemodynamic instability (very low: 4.0%, mild: 6.4%, mod-

erate: 8.4%, high: 11.0%; P < .001) increased significantly

with aggravating CCI class (Table 1).

While the reperfusion treatment of systemic thromboly-

sis was used slightly more often in patients of mild severity

CCI class, surgical embolectomy was similarly widely used

in the different CCI classes.

The in-hospital case-fatality rate increased significantly,

from 3.6% in hospitalizations of pulmonary embolism

patients with very low severity of comorbid diseases to

22.1% in the patients with high severity of comorbid dis-

eases (very low: 3.6%, mild: 6.5%, moderate: 12.1%, high:

22.1%; P < .001). The case-fatality rate decreased in

patients with high severity of comorbid diseases over time

(Figure 2). In parallel, the rate of MACCE increased sub-

stantially with CCI classes (very low: 3.6%, mild: 7.3%,

moderate: 13.8%, high: 27.1% severity of comorbid dis-

eases, P < .001). In contrast, the occurrence of pneumonia

was highest in the pulmonary embolism patients with the

lowest CCI class (very low: 30.0%, mild: 23.9%, moderate:

21.2%, high: 25.0% severity of comorbid diseases; P <
.001). Necessity regarding transfusion of blood constituents

also increased with CCI classes (very low: 3.8%, mild:

5.4%, moderate: 8.0%, high: 17.1%, P < .001) (Table 1).

CCI class impacts all the investigated outcomes. An

increase regarding CCI class by 1 was associated with an

approximate 2-fold risk of dying during in-hospital stay

(OR 2.014; 95% CI, 2.000-2.027; P < .001) and more than

doubled the risk of suffering from a MACCE (OR 2.214;

95% CI, 2.200-2.228; P < .001). In contrast, the risk of



Table 1 Patients’ Characteristics, Medical History, Presentation and Adverse in-Hospital Events of the 1,373,145 Hospitalizations of
Patients with Acute Pulmonary Embolism 2005-2020 in Germany Stratified for Charlson Comorbidity Index Class

Parameters Very Low Severity of
Comorbid Diseases
with Charlson
Comorbidity Index 0
Points
(n = 100,156; 7.3%)

Mild Severity of
Comorbid Diseases
with Charlson
Comorbidity Index 1-2
Points
(n = 221,545; 16.1%)

Moderate Severity of
Comorbid Diseases
with Charlson
Comorbidity Index 3-4
Points
(n = 394,965; 28.8%)

High Severity of
Comorbid Diseases
Charlson Comorbidity
Index >4 Points
(n = 656,479; 47.8%)

P Value

Age (years) 40.0 (31.0/45.0) 57.0 (51.0/63.0) 73.0 (66.0/78.0) 78.0 (70.0/83.0) < .001
Age ≥70 y 0 (0%) 0 (0%) 262,474 (66.5%) 505,471 (77.0%) <.001
Female sex 51,111 (51.0%) 90,601 (40.9%) 215,994 (54.7%) 369,778 (56.3%) <.001
Length of in-hospital
stay

7.0 (4.0/10.0) 7.0 (4.0/1.0) 9.0 (5.0/14.0) 11.0 (6.0/19.0) <.001

Cardiovascular risk factors
Obesity 10,951 (10.9%) 26,514 (12.0%) 36,630 (9.3%) 56,547 (8.6%) <.001
Diabetes mellitus 0 (0%) 11,292 (5.1%) 46,150 (11.7%) 198,794 (30.3%) <.001
Essential arterial
hypertension

12,718 (12.7%) 78,300 (35.3%) 192,895 (48.8%) 318,846 (48.6%) <.001

Hyperlipidemia 2930 (2.9%) 19,402 (8.8%) 52,835 (13.4%) 96,977 (14.8%) <.001
Typical venous thromboembolism risk factors
Surgery 32,829 (32.8%) 99,158 (44.8%) 190,995 (48.4%) 388,901 (59.2%) <.001
Cancer 0 (0%) 4988 (2.3%) 30,923 (7.8%) 243,262 (37.1%) <.001
Thrombophilia 3968 (4.0%) 5060 (2.3%) 3642 (0.9%) 3401 (0.5%) <.001

Comorbidities
Coronary artery
disease

896 (0.9%) 11,886 (5.4%) 48,678 (12.3%) 126,133 (19.2%) <.001

Peripheral artery
disease

0 (0%) 1004 (0.5%) 5056 (1.3%) 33,618 (5.1%) <.001

Stroke (ischemic or
hemorrhagic)

0 (0%) 1291 (0.6%) 5620 (1.4%) 33,669 (5.1%) <.001

Heart failure 0 (0%) 14,598 (6.6%) 49,907 (12.6%) 236,292 (36.0%) <.001
Atrial fibrillation/
flutter

845 (0.8%) 10,047 (4.5%) 48,327 (12.2%) 147,845 (22.5%) <.001

Chronic obstructive
pulmonary
disease

0 (0%) 6749 (3.0%) 32,869 (8.3%) 98,787 (15.0%) <.001

Acute or chronic
renal failure

805 (0.8%) 7664 (3.5%) 36,654 (9.3%) 249,353 (38.0%) <.001

Risk stratification markers and deep venous thrombosis or thrombophlebitis
Deep venous throm-
bosis or
thrombophlebitis

44,969 (44.9%) 99,926 (45.1%) 152,037 (38.5%) 192,102 (29.3%) <.001

Severe pulmonary
embolism

21,498 (21.4%) 59,597 (26.8%) 123,506 (31.2%) 225,114 (34.2%) <.001

Shock 1385 (1.4%) 5208 (2.4%) 12,950 (3.3%) 37,101 (5.7%) <.001
Cardiopulmonary
resuscitation

3313 (3.3%) 11,455 (5.2%) 25,997 (6.6%) 48,373 (7.4%) <.001

Hemodynamic
instability

4054 (4.0%) 14,141 (6.4%) 33,049 (8.4%) 71,936 (11.0%) <.001

Right ventricular
dysfunction

19,364 (19.3%) 54,260 (24.5%) 112,518 (28.5%) 195,119 (29.7%) <.001

Syncope 1366 (1.4%) 3968 (1.8%) 10,141 (2.6%) 17,841 (2.7%) <.001
Tachycardia 2393 (2.4%) 5526 (2.5%) 10,364 (2.6%) 22,636 (3.4%) <.001

Reperfusion treatment
Systemic
thrombolysis

4378 (4.4%) 10,854 (4.9%) 17,257 (4.4%) 24,688 (3.8%) <.001

Surgical
embolectomy

174 (0.2%) 430 (0.2%) 608 (0.2%) 798 (0.1%) <.001
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Table 1 (Continued)

Parameters Very Low Severity of
Comorbid Diseases
with Charlson
Comorbidity Index 0
Points
(n = 100,156; 7.3%)

Mild Severity of
Comorbid Diseases
with Charlson
Comorbidity Index 1-2
Points
(n = 221,545; 16.1%)

Moderate Severity of
Comorbid Diseases
with Charlson
Comorbidity Index 3-4
Points
(n = 394,965; 28.8%)

High Severity of
Comorbid Diseases
Charlson Comorbidity
Index >4 Points
(n = 656,479; 47.8%)

P Value

Adverse events during hospitalization
In-hospital case-
fatality

3597 (3.6%) 14,460 (6.5%) 47,607 (12.1%) 144,912 (22.1%) <.001

MACCE 3597 (3.6%) 16,115 (7.3%) 54,329 (13.8%) 178,185 (27.1%) <.001
Pneumonia 30,048 (30.0%) 53,054 (23.9%) 83,704 (21.2%) 164,029 (25.0%) <.001
Transfusion of blood
constituents

3842 (3.8%) 11,987 (5.4%) 31,718 (8.0%) 112,109 (17.1%) <.001

MACCE = major adverse cardiovascular and cerebrovascular events.
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developing pneumonia was lower with growing CCI class

(OR 0.975; 95% CI, 0.972-0.979; P < .001). Importantly,

these results were stable after adjustment for hemodynamic

compromise (severe pulmonary embolism) (Table 2). The

computed receiver operating curve analysis confirmed that

CCI (0.666; 95% CI, 0.665-0.667; P < .001) as well as CCI

class (0.604; 95% CI, 0.602-0.606; P < .001) were useful

tools to predict in-hospital case fatality in patients with pul-

monary embolism (Figure 3). Nevertheless, to prove the

impact of CCI class on the different outcomes, we
Figure 1 Temporal trends regarding total numbers and propor

the different Charlson Comorbidity Index Classes. (A) Annual tr

pulmonary embolism in the different Charlson Comorbidity Ind

different Charlson Comorbidity Index Classes in hospitalized

regarding total numbers of hospitalized patients with pulmonar

Classes stratified for age-decades. (D) Temporal trends regardin

Classes stratified for age-decades in hospitalized patients with pu
calculated additionally the impact of CCI class focusing on

patients with severe pulmonary embolism only. In this cru-

cial patient group, the impact of CCI class on the outcomes

was also confirmed (Table 3).
DISCUSSION
Mortality in patients with pulmonary embolism is closely

related to patients’ hemodynamic status and cardiac compli-

cations, including right ventricular dysfunction or
tion of hospitalized patients with pulmonary embolism in

ends regarding total numbers of hospitalized patients with

ex Classes. (B) Annual trends regarding proportions of the

patients with pulmonary embolism. (C) Temporal trends

y embolism in the different Charlson Comorbidity Index

g proportions of the different Charlson Comorbidity Index

lmonary embolism.



Figure 2 Temporal trends regarding proportion of hospitalized patients with pulmonary embolism in the different Charl-

son Comorbidity Index Classes. (A) Case-fatality rate of hospitalized patients with pulmonary embolism in the different

Charlson Comorbidity Index Classes. (B) Rate of right ventricular dysfunction of hospitalized patients with pulmonary

embolism in the different Charlson Comorbidity Index Classes. (C) Rate of systemic thrombolysis in hospitalized patients

with pulmonary embolism in the different Charlson Comorbidity Index Classes. (D) Rate of surgical embolectomy in hospi-

talized patients with pulmonary embolism in the different Charlson Comorbidity Index classes.

Table 2 Impact of Charlson Comorbidity Index Class on Adverse In-Hospital Outcomes in All Patients with Pulmonary Embolism (Univar-
iate and Multivariate Logistic Regression Model)

Univariate Regression Multivariate Regression Adjusted for Severe Pulmonary Embolism

OR (95% CI) P Value OR (95% CI) P Value

In-hospital case-fatality 2.014 (2.000-2.027) < .001 1.984 (1.970-1.997) < .001
MACCE 2.214 (2.200-2.228) < .001 2.202 (2.188-2.216) < .001
Hemodynamic instability 1.376 (1.366-1.386) < .001 − −
Right ventricular dysfunction 1.166 (1.161-1.171) < .001 − −
Pneumonia 0.975 (0.972-0.979) < .001 0.968 (0.964-0.972) < .001
Transfusion of blood constituents 1.935 (1.921-1.950) < .001 1.904 (1.890-1.918) < .001

CI = confidence interval; MACCE = major adverse cardiovascular and cerebrovascular events; OR = odds ratio.
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myocardial injury, as well as comorbidities.2−4,6,11−17 How-

ever, the impact of patients’ comorbidities on survival during

the acute phase of pulmonary embolism might be underrated.

Although the CCI is the most extensively studied comorbid-

ity index for detecting comorbidity burden,30,32,33 studies

analyzing the impact of CCI on pulmonary embolism

patients’ survival are sparse.34

The results of our study clearly demonstrate that CCI

class, as a mirror of each patient’s comorbidity burden,

impacts substantially on case fatality and MACCE rate in

pulmonary embolism. In this context, it is of outstanding

importance that the prediction of case fatality and MACCE

is independent of markers of hemodynamic compromise

(severe pulmonary embolism). An increase in CCI class by
1 was associated with an approximate 2-fold risk of dying

during the in-hospital stay and more than a doubled risk of

suffering from a MACCE.

The results of our study are in line with published litera-

ture indicating an important influence of comorbidity burden

on survival:35−41 The study of de Miguel-D�ıez et al40

showed a significant increase of the in-hospital case fatality

with inclining CCI on a nationwide level in 115,671 admit-

ted patients with pulmonary embolism to Spanish hospitals

during 2002-2011. In a second study of the same research

group analyzing 241,821 patients with pulmonary embolism

hospitalized in Spain from 2001-2018, CCI was once again

an important predictor of short-term survival.39 Notably,

this relation between higher CCI and increased mortality



Figure 3 Receiver operating curve analysis for Charlson Comorbidity Index (A) and Charlson Comorbidity Index

class (B) to predict in-hospital case-fatality in patients with pulmonary embolism.

Table 3 Impact of Charlson Comorbidity Index Class on
Adverse In-Hospital Outcomes in Patients with Severe Pulmo-
nary Embolism (Univariate Logistic Regression Model)

Univariate Regression

OR (95% CI) P Value

In-hospital case-fatality 1.658 (1.644-1.672) <.001
MACCE 1.795 (1.780-1.810) <.001
Pneumonia 1.135 (1.126-1.144) <.001
Transfusion of blood
constituents

1.727 (1.708-1.747) <.001

CI = confidence interval; MACCE = major adverse cardiovascular and

cerebrovascular events; OR = odds ratio.
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was visible not only for the short-term, but also evident in

studies elucidating the mid- and long-term course of patients

with pulmonary embolism: In the study of Polo Friz et al,36

the authors report that CCI >0 at the pulmonary embolism

index event was associated with increased mortality at 3 and

6 months; and 1, 2, and 5 years after the index pulmonary

embolism event compared with patients with a CCI of 0 as

the reference group. In one further study of the same

research group, CCI score was predictive for mortality after

90 days and 2 years in 162 hemodynamically stable patients

with pulmonary embolism older than 65 years.41 Another

study including 368 patients with pulmonary embolism

showed that a higher CCI score was afflicted by a higher

mortality rate after 30 days and 1 year after the pulmonary

embolism index event.37 Notably, cancer had an exceptional

role in these patients regarding survival.37 In addition, Ng et

al35 showed that a CCI score was a strong and independent

predictor for in-hospital and postdischarge mortality after a

median follow-up of 3.7 years, and Golpe et al38 reported

that CCI score was predictive for pulmonary embolism

patients’ survival after a median follow-up of 2.97 years.

Thus, in summary, the individual comorbidity burden

is very important for short-term survival during the
acute pulmonary embolism event, but also regarding the

mid- and long-term course. In relation to comorbidity

burden, patients with pulmonary embolism frequently

suffer from important comorbidities such as cancer or

cardiovascular diseases, which are classified as risk fac-

tors for the development of pulmonary embolism but

also significantly influence the outcome of pulmonary

embolism.18,34,42

Patients’ comorbidity profile/burden determines patients’

capacities to encounter the strain of acute pulmonary embo-

lism driven by right ventricular dysfunction and right heart

injury, and therefore, constitutes the basis of withstanding

the negative adverse effects of acute emergency pulmonary

embolism.2,18−20 The comorbidity burden of each patient

can be understood and interpreted as the basis of withstand-

ing against the stress, adaptations, and complications result-

ing from the acute pulmonary embolism event.

In this context, the development of pulmonary embolism

has to be additionally considered, because the underlying

mechanism of pulmonary embolism development seems also

of outstanding importance for survival. In two-thirds of all

pulmonary embolism cases, pulmonary embolism is the con-

sequence of deep venous thrombosis rather than a separate

clinical entity.4,13,43 For pulmonary embolism without

detected deep venous thrombosis, also termed as isolated

pulmonary embolism, data from several studies suggest a

key role of triggering comorbidities such as cancer,44 atrial

fibrillation,45,46 myocardial infarction,45 and heart failure45,46

in the pathogenesis of thrombus formation.4 These men-

tioned comorbidities play an exceptional role, not only

regarding pulmonary embolism development, but also in pul-

monary embolism survival.4 Due to the fact that the CCI

includes a large number of parameters, the CCI might be bet-

ter than the PESI to evaluate the comorbidity burden of the

pulmonary embolism patients. This will probably decrease

specificity, but will increase sensitivity, which is crucial for

identification of candidates for home treatment.
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In accordance with our study results revealing an

increase in the rates of higher CCI classes mirroring higher

comorbidity burden of the admitted patients with pulmo-

nary embolism in later years during the observational

period, other studies also detected an increase in the CCI

scores and, especially, of essential comorbidities such as

arterial hypertension, diabetes mellitus, obesity, cancer, and

chronic kidney disease over time in this crucial patient

collective.34,39,40 These observations unveil an increasing

comorbidity burden in patients with pulmonary embolism,

reflecting a mounting vulnerability of this crucial patient

collective. For this, multiple reasons may come into consid-

eration, including a progressively aging population, as with

the present situation in Germany.

Because pulmonary embolism is a major public health

problem with a high and increasing incidence

worldwide,3,34,40,47,48 our findings may help in understand-

ing the role of patients’ comorbidity burden on prognosis

and the need for increased health care resources during their

in-hospital stay.34 Thus, we are of the opinion that these

findings might support optimizing the management of

patients with pulmonary embolism to save lives, but also to

plan and to deliver sufficient health care capacities in light

of pulmonary embolism patients’ increasing comorbidity

burden in recent years, and the further increase regarding

aggravating comorbid profile in the following years in these

patients to meet enormous health care challenges in the

future.35
CONCLUSION
Our study results highlight an essential impact of the indi-

vidual comorbidity burden on pulmonary embolism

patients’ short-term survival in this nationwide German

inpatient sample. In this context, it is of outstanding impor-

tance that the prediction of case fatality and MACCE be

independent of markers of hemodynamic compromise. The

results may help increase understanding of the association

between an aggravated comorbidity profile and increased

in-hospital case fatality in patients with pulmonary embo-

lism. In this context, the CCI can help to identify more

patients at higher risk compared with more established

scores due to its broader spectrum of variables.
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