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Abstract: (1) Background: The aims of this study were to examine trends in the incidence, clinical
characteristics, and in-hospital outcomes of patients hospitalized with pulmonary embolism in
Spain and to identify factors associated with in-hospital mortality (IHM). (2) Methods: We included
all patients who were hospitalized for pulmonary embolism between 2001 and 2018. Data were
collected from the Spanish National Hospital Discharge Database. (3) Results: We identified 241,821
hospitalizations for pulmonary embolism during the study period. The incidence of pulmonary
embolism increased from 20.49 cases per 100,000 inhabitants in the period 2001-2002 to 35.9 cases
in the period 2017-2018 (p <0.001). After controlling for possible confounders, there was a significant
increase in the incidence over the study period (adjusted incidence rate ratio 1.53, 95% Confidence
Interval I 1.51-1.56). The median length of hospital stay was 11 days in the period 2001-2002,
decreasing to seven days in the period 2017-2018 (p < 0.001). For the total time period, the crude
IHM rate was 9.51%. After multivariable adjustment, IHM decreased significantly over time. The
IHM was significantly higher in women, in patients suffering from more comorbidities, and in those
with a massive pulmonary embolism. (4) Conclusions: Our results revealed an increase in the
incidence of pulmonary embolism hospitalizations from 2001 to 2018 in Spain, with older patients
being the most affected.
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1. Introduction

Pulmonary embolism (PE), a potentially life-threatening complication of venous
thromboembolism (VTE), is a major health problem worldwide. It is associated with significant
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morbidity and mortality among affected patients [1,2]. In fact, it is the third leading cardiovascular
cause of death after coronary artery disease and stroke [3].

Longitudinal data have revealed an increasing tendency in annual PE incidence rates over time
[4-7], although data from recent years are lacking. This finding could be due to an increasing number
of patients with severe comorbidities and a higher risk of developing this complication, including
cancer, the use of more accurate diagnostic imaging tests, and a lower threshold for disease suspicion
[8]. By contrast, time trend analyses have pointed out that mortality of acute PE may be decreasing
[4-10]. Possible explanations include increased or earlier diagnosis, use of more effective therapies,
and better adherence to guidelines [10,11]. Nevertheless, in the modern era, there has been a tendency
towards overdiagnosis of PE, since the introduction of computed tomographic pulmonary
angiography (CTPA) to establish the diagnosis, which could be responsible for a decrease in case
fatality [12]. In this scenario, increased diagnosis of trivial, or perhaps non-existent, PE may
artificially reduce case-fatality rates. Unfortunately, previous studies have not elucidated this critical
issue [13].

Although PE prognosis is improving, it has been demonstrated that annual PE incidence and
PE-related mortality rates increase exponentially with age [2]. Given that the population is ageing
rapidly, it is essential to evaluate trends in patients hospitalized for PE, stratified by age [14].

Real-world data are important for understanding the management of PE patients, particularly
because a significant percentage of them have at least one exclusion criterion preventing their
recruitment into randomized clinical trials [15]. However, existing data from clinical practice only
provide limited information regarding some aspects such as PE severity. Additionally, management
strategies may be changing over time, and recent national data on this topic are lacking. Thus, we
hypothesized that the incidence and outcomes of patients hospitalized with PE may have also
evolved.

The aims of the present study were (a) to examine trends in the incidence, clinical characteristics,
and in-hospital outcomes of patients hospitalized with PE from 2001 to 2018 in Spain and (b) to
identify factors associated with in-hospital mortality (IHM) among patients with PE in Spain over an
18-year study period.

2. Materials and Methods

2.1. Design, Setting, and Participants

We conducted an observational retrospective epidemiological study using the Spanish National
Hospital Discharge Database (SNHDD) between 01 January 2001 and 31 December 2018. The SNHDD
contains de-identified clinical and resource utilization data of over 95% of hospital discharges per
year in Spain. Details of the database are described elsewhere [16].

The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
was used for coding from 2001 to 2015, and for 2016 and 2017, the SNHDD used the 10th Revision
(ICD-10). Hospital outcome variables such as the length of hospital stay (LOHS), costs, and IHM were
collected by the SNHDD.

For study purposes, we used the definition of PE described by Smith et al. [17] (Supplementary
Table 1).

2.2. Study Variables

To assess the comorbidity burden, all conditions included in the Charlson comorbidity index
(CCI) coded in any diagnostic position in the discharge report were identified using the ICD-9-CM
and ICD-10 codes, as described by Quan et al. [18]. We also showed the specific prevalence of the
following conditions: valvular heart disease, hypertension, obesity, coagulopathy, and non-septic
shock. Massive PE was defined as described by Smith et al. [17] and included subjects with
documentation of mechanical ventilation, and/or vasopressors, and/or non-septic shock. The codes
used to create these variables are shown in Supplementary Table 2.
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The SNHDD includes a variable with the diagnosis-related group (DRG) categorized as
medical/surgical/other. This was used to identify patients who underwent any type of surgical
procedure during their hospital admission [16].

We specifically identified the following procedures: invasive mechanical ventilation (IMV), non-
invasive mechanical ventilation (NIMV), thrombolytic therapy, inferior vena cava (IVC) filter
placement, and vasopressor medication. The ICD-9-CM and ICD-10 codes used for these procedures
are shown in Supplementary Table 2.

Costs were calculated using DRGs for the disease. [19].

IHM was defined by the proportion of patients who died during admission for each time period
analyzed.

2.3. Statistical Methods

We considered nine time periods and each period included two consecutive years. We estimated
the incidence rates of PE admission calculated per 100,000 inhabitants to assess time trends by
dividing the number of cases per year, sex, and age group by the corresponding number of people in
that population group, according to the data from the Spanish National Institute of Statistics, as
reported on 31 December of each year [20]. Trends in incidence were assessed using Poisson
regression models adjusted by sex and age when required. The results are shown as the incidence
rate ratio (IRR) with 95% confidence intervals (CIs).

A descriptive statistical analysis was performed for all continuous variables and categories.
Variables are expressed as proportions, as means with standard deviations, and as medians with
interquartile ranges. A bivariable analysis according to year was performed using the X2 test for linear
trends (proportions), ANOVA (means). or Kruskal-Wallis test (medians), as appropriate.

A multivariable logistic regression model was constructed to identify predictors of IHM among
patients with PE providing odds ratios (ORs) with 95% Cls.

Stata version 14 (Stata, College Station, Texas, USA) was used for data analysis.

2.4. Sensitivity Analysis

In our investigation, we used the definition of PE described by Smith et al. [16] using ICD-9-CM
codes and the equivalent codes for ICD10 [16]. This definition excluded patients with acute cor
pulmonale (ACP) because, the authors suggested that acute cor pulmonale was unlikely to be related
solely to acute PE [16]. However, ACP is a clinical condition by which PE patients may ultimately
die. For this reason, we analyzed hospitalization with ACP in Spain from 2001 to 2018 and the effect
on our results if patients suffering ACP were included in the definition of PE. The codes used to
identify ACP were 415.0. (ICD-9-CM) and 126.02 and 126.09 (ICD10).

2.5. Ethical aspects

According to the Spanish legislation, because we used the SNHDD, a de-identified retrospective
public access database which is provided freely to all investigators by the Spanish Ministry of Health,
it was not necessary to obtain approval by an ethics committee or informed consent by the patients.
The research was conducted according to the principles of the World Medical Association Declaration
of Helsinki.

3. Results

3.1. Time Trends In Pulmonary Embolism Hospitalizations

The total number of hospital admissions in Spain with a PE diagnosis between 2001 and 2018
was 241,821 (92.8% with a primary diagnosis and 7.2% with a secondary diagnosis).

We found that the incidence of PE coding increased significantly from 20.49 cases per 100,000
inhabitants in the period 2001-2002 to 35.9 cases in the period 2017-2018 (p < 0.001). Over the entire
period, the incidence of PE was higher in women than in men (31.72 per 100,000 inhabitants vs. 27.79
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per 100,000 inhabitants, respectively, p <0.001). Over time, the incidence of PE increased significantly
in men and in women (18.97 and 21.96 per 100,000 inhabitants in the period 2001-02 vs. 34.2 and 37.75
per 100,000 inhabitants in the period 2017-2018, respectively, both p < 0.001). In every single time
period, incidence rates were always higher among women.

Incidence rates were highest in older patients (146.44 per 100,000 inhabitants for those aged 70
years or older), with a value over four-fold higher than that in the 50-69 year group (33.91 per 100,000
inhabitants). There was a significant increase over time in the incidence in all age groups analyzed
(all p<0.001) (Table 1).
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Table 1. Distribution according to diagnosis position and age-sex specific incidence rates for pulmonary embolism (PE) in Spain from 2001 to 2018.

Time periods
2001-02 2003-04 2005-06 2007-08 2009-10 2011-12 2013-14 2015-16 2017-18 Total
15,899 18,464 19,636 22,415 26,464 28,693 30,232 30,875 31,740 224,418
(94.52)  (9454)  (93.3)  (89.98)  (90.52)  (91.76)  (93.01)  (93.51)  (94.78)  (92.8)

Admissions with PE as Primary Diagnosis, 1 (%)

Admissions with PE as Secondary Diagnosis, 7 (%) 922 1066 1411 2496 2771 2576 2272 214 1747 17,403
(548)  (5.46) 6.7)  (10.02)  (948)  (824)  (699) 2(649) (522)  (7.2)
Male, 7634 8863 9690 11,472 13592 14,085 14,849 15269 15645 111,099
n (Rate per 100,000)* (1897) (21.19) (2231) (2543) (29.58) (30.53)  (32.44) (3348) (342)  (27.79)
Females, 9187 10,667 11,357 13439 15643 17,184 17,655 17,748 17,842 130,722
n (Rate per 100,000)* (21.96)  (24.68) (2548) (29.15) (3329) (3627) (37.35) (37.56) (37.55) (31.72)
<50 Years, 1964 2215 2434 3010 3605 3615 3785 3639 3735 28,002
n (Rate per 100,000)* (356)  (388)  (413) (495) (5.89) (5.98)  (644) (635  (6.63)  (5.33)
50-69 Years, 4451 4811 5036 5818 7029 7885 8500 8746 9608 61,884
n (Rate per 100,000)* (2585) (27.23) (27.6)  (30.45) (3474) (37.16) (385)  (38.17) (40.35)  (33.91)
>70 Years, 10,406 12,504 13,577 16,083 18601 19,769 20219 20,632 20,144 151,935
n (Rate per 100,000)* (106.72) (120.62) (124.71) (141.85) (161.31) (166.77) (165.5) (162.66) (153.47) (146.44)
Total, 16,821 19,530 21,047 24911 29235 31,269 32,504 33017 33487 241,821
n (Rate per 100,000)* (2049)  (22.96) (2391) (27.31) (31.46) (3344) (3493) (3555) (359)  (29.78)

Incidence rates calculated by dividing the number of cases per year age group with the corresponding number of persons in that population group according to the
National Institute of Statistics (INE) reported on December 31 each year. *Significant time trend (p < 0.001) estimated using Poisson regression models adjusted by
age and sex as required.
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3.2. Distribution Of Study Covariates Among Patients Hospitalized With Pulmonary Embolism

Table 2 shows the age, CCI values, and clinical characteristics of the patients included in the
study.

Age increased significantly over time (69.99 + 15.43 years in the period 2001-2002 vs. 70.62 +
15.78 years in the period 2017-2018, p < 0.001). We detected a significant increase in the number of
comorbidities according to the mean CCI value over time (0.77 + 0.86 comorbidities in the period
2001-02 vs. 0.99 + 1.01 comorbidities in the period 2017-2018, p < 0.001). Over the entire time period,
the most frequent associated comorbidities for patients hospitalized for PE were hypertension
(38.49%), COPD (21.34%), cancer (16.37%), and diabetes (15.71%). The prevalence of cancer rose 1.57-
fold, diabetes 1.4-fold, valvular heart disease 1.55-fold, and hypertension 1.34-fold. In addition to
these conditions, and as seen in Table 2, the frequency of most conditions analyzed increased over
time (p < 0.001); however, over time, we found a small but significant reduction in acute myocardial
infarction, cerebrovascular disease, COPD, peptic ulcer disease, and non-septic shock.

The proportion of patients with massive PE slightly increased from 2001-2002 to 2017-2018
(3.12% vs. 3.66%, p < 0.001).

The procedures and in-hospital outcomes of patients hospitalized with PE are shown in Table 3.

We observed a significant decrease in the percentage of patients who had undergone surgery,
from 2.75% in the period 2001-2002 to 1.75% in the period 2017-2018.

The use of NMIV in patients with PE increased significantly from 0.37% in the period 2001-02
to 1.63% in 2017; however, the use of IMV remained unchanged.

We observed a significant over three-fold increase in the use of thrombolytic therapy over time
(1.83% in the period 2001-2002 vs. 6.04% in the period 2017-2018, p < 0.001).

The median LOHS for PE admissions was 11 days in the period 2001-02, decreasing to seven
days in the period 2017-2018 (p < 0.001). In addition, the mean cost per patient increased from 3650
Euros in the period 2001-2002 to 4642 Euros in the period 2017-2018. For the total time period, the
crude IHM rate was 9.51%. Overall, the crude IHM rate decreased significantly (p < 0.001) over time
from 12.34% in the period 2001-2002 to 7.32% in the period 2017-2018.
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Table 2. Age, Charlson comorbidity index (CCI), and clinical characteristics of patients hospitalized with pulmonary embolism in Spain from 2001 to 2018.

p-
2001-02 200304 2005-06 2007-08 2009-10 2011-12 2013-14 2015-16 2017-18 Total valu
e
Age, mean 69.99 705 70.63 70.64 70.72 71.05 70.91 71.24 70.62 70.76 <0.00
(SD) (15.43) (15.52) (15.65) (15.89) (15.96) (15.79) (15.90) 15.71) (15.78) (15.77) 1
CCE’Sg)e"m 077 (0.86)  0.85(0.91)  0.88(0.92)  0.91(0.93)  0.96 (0.94) 1(0.96) 1.02(0.98)  098(0.98) 099 (1.01)  0.95(0.96) <Oi00
7673 8205 1,0754 1,1062 11,329 12,230 12,567 92,110
= % . . ’ 7 % 7z s .y
CCL=0nC0) 45 6oy @po1) oM (059 96912 g0 (35.38) (34.85) (37.04) (37.53) (38.09) 000
CCl1-2,n 8453 10,290 11,327 13,660 16,594 17,887 18,631 18,302 18,168 133,312 :
(%) (50.25) (52.69) (53.82) (54.84) (56.76) (57.2) (57.32) (55.43) (54.25) (55.13)
CCI>2, 1 (%) 695(413)  1035(5.3) 1176 (559) 1505 (6.04) 1887 (645) 2320 (7.42) 2544 (7.83) 2485 (7.53) 2752(8.22) 16,399 (6.78)
AML 1 (%)  465(276) 596 (3.05) 604 (2.87)  719(2.89)  668(228)  619(1.98)  596(1.83)  653(1.98)  898(2.68) 5818 (2.41) <0i00
24,517 <0.00
CHF, 1 (%) 1479 (8.79) 1658 (8.49) 1982 (9.42)  2415(9.69) 2974 (10.17) 3334 (10.66) 3396 (10.45) 3580 (10.84) 3699 (11.05) 10.14) :
PVD, n (%)  521(31) 731 (374)  783(3.72) 869 (349)  1032(353) 1161 (3.71) 1229 (3.78) 1166(3.53) 1225 (3.66)  8717(3.6)  0.008
CVD,n(%) 738 (439) 950 (4.86)  885(42)  1085(436) 1318 (451) 1341 (4.29) 1388 (4.27) 1267 (3.84) 1299 (3.88) 10,271 (4.25) <Oi00
Dem(i/n)“a' " 637(379) 847 (434) 941 (447)  1105(444) 1371 (4.69) 1515(4.85) 1399 (4.3)  1695(5.13) 1944 (5.81) 11,454 (4.74) <Oi00
(e
1 .
COPD, 1 (%) (35’?7) 4144 (21.22) 4448 (21.13) 5318 (21.35) 6603 (22.59) 7291 (23.32) 7733 (23.79) 7030 (21.29) 5732 (17.12) (52 1’63(18) <0100
Rh i .
heumatoid o0 4 77 41021)  466(221)  601(241)  760(26)  799(256) 971 (299  903(273) 861257 6069 251 -0
Disease, 1 (%) 1
PUD,n (%)  219(13)  178(091)  170(0.81)  182(0.73)  158(0.54)  179(0.57)  139(0.43)  132(04)  137(0.41) 1494 (0.62) <Oi00
Liver Disease, <0.00
o %) 413(246) 649332  770(366) 1000 (401) 1362 (466) 1556 (498) 1699(523) 1727(523) 1844(551) 11,020(456) -
Diabetes, n 2093 38,001 <0.00
oy 24y P700418) BU5(148) 3726 (1496) 4468(1528) S110(1634) 5457 (1688) 5413(1639) 5819 (17.39) 15.71) :
HP/PAPL, n
s 72(043) 96 (0.49) 121057)  147(0.59)  165(0.56)  175(0.56) 207 (0.64)  161(0.49)  181(0.54)  1325(0.55)  0.086
(o]
Renal <0.00
704 (419) 1024 (5.24)  1174(5.58) 1565 (6.28) 2100 (7.18) 2479 (7.93) 2974 (9.15) 2999 (9.08) 3338 (9.97) 18,357 (7.59)

Disease, 1 (%)
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1955 39,580 <0.00

Cancer, 1 (%) (11.62) 2542 (13.02) 3004 (14.27) 3922 (15.74) 4964 (16.98) 5523 (17.66) 5859 (18.03) 5695 (17.25) 6116 (18.26) (16.37) 1
AIDS, n (%) 31 (0.18) 34 (0.17) 34 (0.16) 43 (0.17) 43 (0.15) 49 (0.16) 56 (0.17) 57 (0.17) 71 (0.21) 418 (0.17) 0.772
Valvula Heart <0.00

Discase, n (%) % (41)  867(444)  962(457)  1186(476)  1651(565) 1741(557) 1874(577)  1901(576)  2132(637) 13003(538)

H i 11,441 12 13,34 13,641 4 .
Ypertension - 5114 30.4) 6858 (35.12) 7820 (37.15) 9484 (38.07) ' /380 13,003 (40) 3,343 3,6 93,08 <000

1 (%) (39.13) (39.59) (40.41) (40.74) (38.49) 1
26,794 .

Obesity, 1 (%) 1308 (7.78) 1774 (9.08) 2040 (9.69) 2608 (10.47) 3139 (10.74) 3560 (11.39) 3978 (12.24) 3986 (12.07) 4401 (13.14) ( 161’ 098) <0100

CO;gslgf’;th 174 (1.03)  225(1.15)  185(0.88)  220(0.88)  201(0.69)  218(0.7) 28(07)  427(129) 609 (1.82) 2487 (1.03) <0i00

Nonseptic <0.00

Shock, 7 (%) 288 (1.71) 365 (1.87) 290 (1.38) 316 (1.27) 379 (1.3) 419 (1.34) 414 (1.27) 341 (1.03) 349 (1.04) 3161 (1.31) 1

Mass?)’/e)PE'” 524 (3.12)  708(3.63)  681(3.24)  867(3.48) 1061 (3.63)  1312(42)  1423(4.38) 1294 (3.92)  1225(3.66) 9095 (3.76) <0i00
(e

CClI, Charlson comorbidity index; AMI, acute myocardial infarction; CHF, congestive heart failure; PVD, peripheral vascular disease; CVD, cerebrovascular

disease; COPD, chronic obstructive pulmonary disease; PUD, peptic ulcer disease; T2DM, type 2 diabetes mellitus; HP/PAPL, hemiplegia/paraplegia; AIDS,
acquired immune deficiency syndrome; PE, pulmonary embolism. P value for time trend using X2 test for linear trend (proportions) or ANOVA (means).

Table 3. Procedures and in-hospital outcomes for patients hospitalized with pulmonary embolism in Spain from 2001 to 2018.

2001-02 2003-04 2005-06 2007-08 2009-10  2011-12  2013-14  2015-16  2017-18 Total y :;m

Undergone Surgery, 11 (%) 463(2.75) 466 (2.39)  376(179)  306(1.23) 339 (1.16) 416(1.33) 442(1.36) 576(1.74) 587 (1.75) 3971 (1.64)  0.006
IMV, 1 (%) 273 (1.62) 390 (2) 338(1.61)  416(1.67) 428(1.46) 463 (148) 473 (1.46) 462(14) 522(1.56) 3765(1.56)  0.054
NIMV, 1 (%) 62(037)  131(0.67)  162(0.77)  252(1.01)  410(14)  623(1.99) 731(225) 663 (2.01) 547 (1.63) 3581 (1.48)  0.021

Thrombolytic Therapy, 1 (%) 307 (1.83) 453 (2.32) 472 (2.24) 568 (2.28) 749 (2.56) 959 (3.07)  1055(3.25) 1297 (3.93) 2024 (6.04) 7884 (3.26)  <0.001
IVC Filter Placement, 1 (%) 237 (1.41) 220 (1.13) 225 (1.07) 246 (0.99) 294 (1.01) 344 (1.1) 335(1.03) 302(0.91) 316(0.94) 2519 (1.04) 0.071
Vasopressors Medication, n

o 0(0) 0(0) 19 (0.09) 93 (0.37) 88(0.3)  108(0.35) 157(0.48) 108(0.33) 106(0.32) 679 (028)  <0.101

LOHS, Median (IQR) 11 8) 11 (8) 10 (7) 10 (8) 9(7) 8 (6) 8(6) 8 (6) 7(6) 9(7) <0.001

Costs, Mean in Euros (SD) 3650.78 4313.87 4265.07 4363.74 4085.86 404028 433055 462414  4641.69 430085 oo
Osts, Viean i Buros (27.07) (602.91) (113) (558.59) (890.32) (428.1) (257.52)  (260.29)  (785.44) (570.77) :

THM, 7 (%) 2075 (12.34) 2416 (12.37) 2497 (11.86) 2667 (10.71) 2886 (9.87) 2834 (9.06) 2647 (8.14) 2529 (7.66) 2451 (7.32) 23002 (9.51) <0.001

IMV, invasive mechanical ventilation; NIMV, non-invasive mechanical ventilation; IVC, inferior vena cava; LOHS, length of hospital stay; IHM, in-hospital
mortality. P value for time trend using X2 test for linear trend (proportions), ANOVA (means), or Kruskall-Wallis test (medians).
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3.3. Evolution Of IHM Among Patients Hospitalized With Pulmonary Embolism

As shown in Supplementary Figure 1, the IHM rate decreased significantly in women and in men from 12.88% and 11.68% in the period 2001-2002 to
7.42% and 7.21%, respectively, p < 0.001. The IHM was significantly higher in women than in men in all time periods analyzed. The IHM was highest in the
older age groups (270 years) in all the study periods and decreased in all age groups over time.
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3.4. Multivariable Analysis For Incidence And IHM In Patients Hospitalized With Pulmonary Embolism
From 2001 To 2018

After controlling for possible confounders using Poisson regression models, there was a
significant increase in incidence from 2001-2002 to 2017-2018 with an adjusted IRR of 1.53 (95% CI
1.51-1.56).

As shown in Table 4, among patients with PE, after multivariable adjustment, the IHM decreased
significantly over time. The probability of dying in the hospital in the period 2017-2018 was half (OR
0.48, 95% CI 0.45-0.51) as compared with the period 2001-2002.

The IHM was significantly higher in those suffering from more comorbidities (OR 3.89, 95% CI
3.69-4.1 for those with a CCI value >2) and with massive PE (OR 9.87, 95% CI 9.43-10.34). Female sex
increased the probability of dying (OR 1.04, 95% CI 1.01-1.08).

Table 4. Multivariate analysis for incidence and in-hospital mortality for patients hospitalized with
pulmonary embolism (PE) in Spain from 2001 to 2018.

Incidence (IRR)? In-Hospital Mortality (OR)®
<50 Years 1 1

Age (years) 50-69 Years 6.29 (6.2-6.38) 1.74 (1.61-1.87)
>70 Years 27.39 (27.04-27.74) 2.9 (2.71-3.11)
Men 1 1
Sex
Female 1.07 (1.07-1.08) 1.04 (1.01-1.08)
0 1 1
Charlson 1-2 1.45 (1.44-1.46) 2.24 (2.16-2.32)
>2 0.18 (0.18-0.18) 3.89 (3.69-4.1)
2001-02 1 1
2003-04 1.12 (1.1-1.14) 0.94 (0.88-1)
2005-06 1.16 (1.13-1.18) 0.89 (0.84-0.95)
2007-08 1.31 (1.29-1.34) 0.76 (0.72-0.82)
Year 2009-10 1.5 (1.47-1.53) 0.68 (0.64-0.72)
2011-12 1.56 (1.53-1.59) 0.59 (0.55-0.62)
2013-14 1.58 (1.55-1.61) 0.51 (0.48-0.54)
2015-16 1.56 (1.53-1.59) 0.49 (0.46-0.52)
2017-18 1.53 (1.51-1.56) 0.48 (0.45-0.51)

Massive PE

0.04 (0.01-0.06)

9.87 (9.43-10.34)

IRR, Incidence Rate ratio; OR Odds Ratio; * Calculated using multivariate Poisson regression for
dependent variable “incidence of hospitalizations”. * Calculated using logistic regression for
dependent variable “in-hospital mortality”. The independent variables included in the models are
those shown in the table.

3.5. Sensitivity Analysis

The results of the sensitivity analysis including ACP in the definition of PE are shown in
Supplementary Table 3 Supplementary. Over the entire period, 6158 subjects were hospitalized with
a code for ACP, which represented 2.48% of all the admission with PE (247,979). As can be seen in
the table, the proportion of patients with PE who suffered ACP decreased significantly from the
period 2001-2002 (4.78%) to the period 20172018 (1.51%), for the entire sample and also among men
and women. The total incidence rates per 100,000 inhabitants for PE including ACP increased from
21.52 in 2001-2002 to 36.45 in 2017-2018 (p < 0.001). These rates were slightly higher than those found
for PE without ACP (20.49 and 35.9, respectively, Table 1) and with an identical time trend. Regarding
IHM, those cases with ACP had figures of 11.01% in the period 2001-2002 and decreased to 8.01% in
the period 2017-2018 (p = 0.002), the equivalent figures for patients with PE not including ACP were
12.34% and 7.32%, respectively.
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4. Discussion

To our knowledge, this is the longest longitudinal analysis to date that examines the recent
trends in hospital admissions for PE in Spain. We found a continued increase in the incidence of PE
hospitalizations from 2001-2002 to 2017-2018. In parallel, the IHM decreased in the same period,
being higher in women, in patients suffering from more comorbidities, and in those with massive PE.

Similar trends to ours in incidence and mortality have been described in previous studies
[4,9,14,16,21-23]. Some authors have hypothesized that these findings reflect a movement towards
hospital admission for less severe PE [17]. However, we found that the proportion of patients with
massive PE slightly increased over time, which contradicts this hypothesis. In addition, the
proportion of patients needing NIMV increased significantly from 2001-2002 to 20162017, and the
use of IMV remained unchanged. It has also been suggested that increased admission rates may be
related to the increased sensitivity and frequency of CTPA use [12]. In this way, Feng et al. [24]
demonstrated that CTPA use in emergency departments in the USA levelled off after 2007, and our
results showed that PE hospitalizations have continued to increase subsequently. We believe that the
increased incidence of hospital admissions for PE over time may partially be due to other factors
observed in our study, such as the progressive ageing of the population and the increase in some
comorbidities that are known risk factors for this disease, such as cancer.

Our data revealed that the incidence of hospital admissions for PE was higher in women than in
men, although the incidence increased significantly in both men and women. Raptis et al. [25] also
found a female predominance in PE incidence, which was mainly attributed to age groups above 70
years. One explanation could be the existence of differences in life expectancy between the sexes [25].
Furthermore, differences in thrombotic and fibrinolytic activity between men and women may
influence the sex-related discrepancies detected in PE incidence in older age individuals [26]. In
addition, female sex increased the probability of dying in our study. However, both the point estimate
of the risk (1.04) and the range (1.01-1.08) raise a question regarding the significance of the association
and whether or not it is due solely to chance.

It has been reported that the incidence of hospitalizations for PE grows exponentially with age
[21,27]. We found that the incidence of PE hospitalizations was also highest in patients older than 70
years as compared with younger patients. Regarding IHM, it significantly improved across all ages,
with elderly patients also suffering from higher mortality rates in our study. Due to the progressive
ageing of the population worldwide, it is expected that the overall medical, societal, and economic
burden related to hospital admissions and deaths due to PE will continue to grow in the future.
Unfortunately, elderly patients are typically excluded from randomized clinical trials on PE,
therefore, there is still a significant knowledge gap regarding this population [14].

Our results document a significant increase in the number of comorbidities over time, consistent
with findings of previous studies [14,28]. Among the comorbidities that significantly increased over
time were hypertension, diabetes, obesity, cancer, and chronic kidney disease, some of which are
known risk factors for PE [29-31]. Despite an increasing burden of comorbidities for PE patients, the
LOHS improved over time in our study, as other authors have described [14,17]. Although some
health systems have provided an incentive for shortening the LOHS, some factors that may contribute
to these trends are the more frequent use of the option of early discharge for selected low-risk patients
and the advances in PE treatment, including the availability of low-molecular-weight heparin [9] and
direct oral anticoagulants [14], which are related to a decreased LOHS [32-34].

Little is known about the current use of reperfusion therapy in PE patients in the real world. We
observed a significant increase (over three-fold) in the use of thrombolysis over time. More frequent
use of thrombolytic treatments may have contributed to improved IHM rates in patients with high-
risk PE. Other authors have also described an increasing trend in the use of these agents and have
related it to growing attention in the literature and the inclusion of thrombolysis in clinical guidelines
as a standard reperfusion therapy for patients with stable haemodynamic PE in the absence of
contraindications [7,35]. Patient characteristics associated with the administration of this therapy
include younger age, male sex, white race, residence in a higher-income zone, and treatment in a
large academic hospital [35]. However, while disparities in receiving tPA may mediate differences in
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outcomes for patients with PE, all of those factors are also associated with increased morbidity and
mortality from other cardiopulmonary diseases and may actually act as confounders in this
association between tPA and IHM rates.

Until recently, IVC filters were supposed to be efficacious, and in fact, they were employed for
many patients to prevent subsequent PE. Nevertheless, some recent studies have cast doubt on the
efficacy of these devices [36]. In this sense, Bikdeli et al. [23] recently recorded a decline in the number
and rates of IVC filter utilization in the USA, since 2010. They suggested that the causes of these
trends were likely multifactorial, including concerns about the safety and efficacy of these devices,
educational initiatives of scientific societies, or changes in reimbursement policies. Stein et al. [37]
also reported that the proportion of patients who receive an IVC filter was decreasing, both in stable
and unstable PE patients. In the current study, we did not detect significant changes in its use in Spain
over time.

We observed a continuous decrease in IHM from 2001 to 2018, a finding consistent with the
decreasing trend reported by Barco et al. when they analyzed vital registration data from the WHO
Mortality Database (2000-2015) [8]. Among potential explanations are the temporal changes in
pharmacological and interventional treatments for PE [9] and more effective referral to high-volume
centers [38].

Our findings demonstrated that hospitalization costs increased over the study period, despite a
decreasing LOHS and mortality. Increasing comorbidities could partially justify the increased costs.
It could also be the reflection of an older, sicker population, given that the mean age of patients has
increased significantly over time. Similar trends have been noted by other authors in the USA [14,17].

The strengths of this investigation include the large number of patients evaluated, which permits
further stratification according to age and sex, and the large number of years in which trends for PE
hospitalizations are shown. Nevertheless, our study has several limitations, some of which are
inherent to the study design and the use of administrative data. First, it was based on ICD discharge
codes rather than clinical criteria, which could be subject to underreporting or miscoding [39].
Nevertheless, the sensitivity and specificity of the diagnosis codes for a principal discharge diagnosis
of PE are high as compared with objectively documented diseases based on medical chart review
criteria [40]. We used the definition of PE suggested by Smith et al. [16] which excluded ACP codes
and this decision may affect our results. However, when we conducted a sensitivity analysis
including ACP in the codes for PE, we found that the importance of this condition in the incidence,
time trends, and IHM is very small and in our opinion does not affect the main conclusion of our
investigation.

Second, detailed clinical data, such as laboratory parameters or pharmacological treatments,
were not available. Third, we acknowledge that information on the cause of death could not be
obtained from the Spanish nationwide inpatient sample, so the mortality assessment was limited to
all-cause hospital mortality. However, previous studies have demonstrated that IHM is mostly
related to acute PE episodes, in contrast to other causes of death, such as comorbidities, which affect
mortality over the long term [7]. Despite these limitations, our analysis helps address the current gap
in the literature regarding the epidemiology of hospital admissions for PE, in Spain.

5. Conclusions

In conclusion, real-world data using a large national database demonstrate an increase in the
incidence of PE hospitalizations from 2001 to 2018 in Spain, both overall and according to sex and
age group, with older patients being the most affected. Despite improvements in the LOHS and IHM,
hospitalization costs increased.

This disease remains a clinically significant cause of mortality for which both increased
awareness and preventive actions are needed.

Supplementary Materials: The following are available online at www.mdpi.com/2077-0383/9/10/3221/s1, Table
S1: ICD-9-CM codes and ICD-10 codes used to define pulmonary embolism for study purpose based on Smith
et al., Table S2: ICD-9-CM and ICD-10 codes for the clinical diagnosis and procedures used in this investigation,
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Table S3: Sensitivity analysis including acute cor pulmonale (ACP) in the definition of pulmonary embolism
(PE). Number of cases, proportions, incidences rates, and in-hospital mortality (IHM) according to sex

Author Contributions: Conceptualization, J.d.-M.-D. and R.J.-G; Data curation, V.H.-B. and D.C.-A.; Formal
analysis, V.H.-B. and R.A.-V.; Funding acquisition: A.L.-d-A.; Methodology, D.J., M.M,, J.J.Z.-L., and R].-G.;
Writing —original draft preparation, J.d.-M.-D. and R J.-G; Writing —review and editing, R. A.-V., A.L.-d-A, V.H.-
B, D.J, MM, D.C-A,, and ].J.Z.-L. All authors have read and agreed to the published version of the manuscript.

Funding: This study is a part of the research funded by the FIS (Fondo de Investigaciones Sanitarias—Health
Research Fund, Instituto de Salud Carlos III) and co-financed by the European Union through the Fondo Europeo
de Desarrollo Regional (FEDER, “Una manera de hacer Europa”), grant no. P116/00564.

Conflicts of Interest: “The authors declare no conflict of interest.”

References

1.  Wendelboe, A.M.; Raskob, G.E. Global burden of thrombosis: Epidemiologic aspects. Circ. Res. 2016, 118,
1340-1347.

2. Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman, M.V.;
Humbert, M.; Jennings, C.S.; Jiménez, D.; et al. 2019 ESC Guidelines for the diagnosis and management of
acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS). Eur.
Heart J. 2020, 41, 543-603.

3. Konstantinides, S.; Meyer, G. Management of acute pulmonary embolism 2019: What is new in the updated
european guidelines? Intern. Emerg. Med. 2020, 15, 957-966, doi:10.1007/s11739-020-02340-0.

4. De Miguel-Diez, J.; Jiménez-Garcia, R.; Jiménez, D.; Monreal, M.; Guijarro, R.; Otero, R.; Hernandez-
Barrera, V.; Trujillo-Santos, J.; de Andrés, A.L.; et al. Trends in hospital admissions for pulmonary
embolism in Spain from 2002 to 2011. Eur. Respir. |. 2014, 44, 942-950.

5. Dentali, F.; Ageno, W.; Pomero, F.; Fenoglio, L.; Squizzato, A.; Bonzini, M. Time trends and case fatality
rate of in-hospital treated pulmonary embolism during 11 years of observation in Northwestern Italy.
Thromb. Haemost. 2016, 115, 399-405.

6. Lehnert, P.; Lange, T.; Moller, C.H.; Olsen, P.S.; Carlsen, ]. Acute pulmonary embolism in a National Danish
Cohort: Increasing incidence and decreasing mortality. Thromb. Haemost. 2018, 118, 539-546.

7. Keller, K.; Hobohm, L.; Ebner, M.; Kresoja, K.P.; Miinzel, T.; Konstantinides, S.V.; Lankeit, M. Trends in
thrombolytic treatment and outcomes of acute pulmonary embolism in Germany. Eur. Heart ]. 2020, 41,
522-529.

8. Barco, S.; Mahmoudpour, S.H.; Valerio, L.; Klok, F.A.; Miinzel, T.; Middeldorp, S.; Ageno, W.; Cohen, A.T;
Hunt, B.J.; Konstantinides, S.V. Trends in mortality related to pulmonary embolism in the european region,
2000-2015: Analysis of vital registration data from the WHO mortality database. Lancet Respir Med. 2020, 8,
277-287.

9.  Jiménez, D.; de Miguel-Diez, J.; Guijarro, R.; Trujillo-Santos, J.; Otero, R.; Barba, R.; Muriel, A.; Meyer, G.;
Yusen, R.D.; Monreal, M,; et al. Trends in the management and outcomes of acute pulmonary embolism:
Analysis from the RIETE registry. ]. Am. Coll. Cardiol. 2016, 67, 162-170.

10. Stein, P.D.; Matta, F.; Alrifai, A.; Rahman, A. Trends in case fatality rate in pulmonary embolism according
to stability and treatment. Thromb. Res. 2012, 130, 841-846.

11. Jiménez, D.; Bikdeli, B.; Barrios, D.; Morillo, R.; Nieto, R.; Guerassimova, I.; Muriel, A.; Jara-Palomares, L.;
Moores, L.; Tapson, V.; Yusen, R.D. Management appropriateness and outcomes of patients with acute
pulmonary embolism. Eur. Respir. ]. 2018, 51, 1800445.

12. Wiener, R.S.; Schwartz, L.M.; Woloshin, S. Time trends in pulmonary embolism in the United States:
Evidence of overdiagnosis. Arch. Intern. Med. 2011, 171, 831-837.

13. Konstantinides, S.V. Trends in pulmonary embolism outcomes: Are we really making progress? J. Am. Coll.
Cardiol. 2016, 67, 171-173.

14. Pauley, E.; Orgel, R.; Rossi, ].S.; Strassle, P.D. Age-stratified national trends in pulmonary embolism
admissions. Chest 2019, 156, 733-742.

15. Monreal, M.; Mahe, I.; Bura-Riviere, A.; Prandoni, P.; Verhamme, P.; Brenner, B.; Wells, P.S.; Di Micco, P.;
Bertoletti, L. Pulmonary embolism: Epidemiology and registries. Presse Med. 2015, 44, e377—-e383.

16. Ministry of Health. Spanish National Hospital Discharge Database. Available online:
https://www.mscbs.gob.es/estad Estudios/estadisticas/cmbdhome.htm (accessed on 1 June 2020).



J. Clin. Med. 2020, 9, 3221 14 of 15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Smith, S.B.; Geske, ].B.; Kathuria, P.; Cuttica, M.; Schimmel, D.R.; Courtney, D.M.; Waterer, G.W.;
Wunderink, R.G.; et al. Analysis of national trends in admissions for pulmonary embolism. Chest 2016, 150,
35-45.

Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, ].C.; Saunders, L.D.; Beck, C.A.; Feasby,
T.E.; Ghali, W.A,; et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10
administrative data. Med. Care. 2005, 43, 1130-1139.

Instituto Nacional de la Salud. Ministerio de Sanidad y Consumo. CMBD Insalud. Analisis de los GRDs.
Afo 2000. Available online:
https://ingesa.sanidad.gob.es/bibliotecaPublicaciones/publicaciones/internet/docs/cmbd2000.pdf
(accessed on 1 June 2020).

Instituto Nacional de Estadistica (INE). Population estimates. Available online: http://www.ine.es.
(accessed on 1 June 2020).

Minges, K.E.; Bikdeli, B.; Wang, Y.; Kim, N.; Curtis, ].P.; Desai, M.M.; Krumholz, H.M. National trends in
pulmonary embolism hospitalization rates and outcomes for adults aged 65 years in the United States
(1999 to 2010). Am. ]. Cardiol. 2015, 116, 1436-1442.

Schissler, A.J.; Rozenshtein, A.; Schluger, N.W.; Einstein, A.]. National trends in emergency room diagnosis
of pulmonary embolism, 2001-2010: A cross-sectional study. Respir. Res. 2015, 16, 44.

Bikdeli, B.; Wang, Y.; Minges, K.E.; Desai, N.R. Hospitalizations, therapies, and outcomes of pulmonary
embolism in Medicare beneficiaries: Trends are similar to Europe. . Am. Coll. Cardiol. 2016, 67, 2559-2560.
Feng, L.B.; Pines, J.M.; Yusuf, HR.; Grosse, S.D. U.S. trends in computed tomography use and diagnoses
in emergency department visits by patients with symptoms suggestive of pulmonary embolism, 2001-2009.
Acad. Emerg. Med. 2013, 20, 1033-1040.

Raptis, D.G.; Gourgoulianis, K.I.; Daniil, Z.; Malli, F. Time trends for pulmonary embolism incidence in
Greece. Thromb. |. 2020, 18, 1.

Stegnar, M.; Pentek, M. Fibrinolytic response to venous occlusion in healthy subjects: Relationship to age,
gender, body weight, blood lipids and insulin. Thromb. Res. 1993, 69, 81-92.

Oger, E. Incidence of venous thromboembolism: A community-based study in western France. EPI-GETBP
study group. Groupe d’Etude De La Thrombose De Bretagne Occidentale. Thromb Haemost. 2000, 83, 657—
660.

Kempny, A.; McCabe, C.; Dimopoulos, K.; Price, L.C.; Wilde, M.; Limbrey, R.; Gatzoulis, M.A.; Wort, S.J.
Incidence, mortality and bleeding rates associated with pulmonary embolism in England between 1997 and
2015. Int. ]. Cardiol. 2019, 277, 229-234.

De Miguel-Diez, J.; Mufioz-Rivas, N.; Jiménez-Garcia, R.; Hernandez-Barrera, V.; Carrasco-Garrido, P.;
Monreal, M.; Jiménez, D.; Guijarro, R.; Lopez de Andres, A. Type 2 diabetes is associated with a higher
incidence of hospitalization for pulmonary embolism in Spain: Analysis of hospital discharge data during
2004-2013. Respirology 2016, 21, 1277-1284.

Stein, P.D.; Matta, F.; Goldman, J. Obesity and pulmonary embolism: The mounting evidence of risk and
the mortality paradox. Thromb. Res. 2011, 128, 518-523.

Es, N.V,; Bleker, S.M.; Nisio, M.D. Cancer-associated unsuspected pulmonary embolism. Thromb. Res. 2014,
133, S172-5178.

Hong, Y.; Mansour, S.; Alotaibi, G.; Wu, C.; McMurtry, M.S. Effect of anticoagulants on admission rates
and length of hospital stay for acute venous thromboembolism: A systematic review of randomized control
trials. Crit. Rev. Oncol. Hematol. 2018, 125, 12-18.

Badreldin, H. Hospital length of stay in patients initiated on direct oral anticoagulants versus warfarin for
venous thromboembolism: A real-world single-center study. . Thromb. Thrombolysis 2018, 46, 16-21.
Ebner, M.; Kresoja, K.P.; Keller, K.; Hobohm, L.; Rogge, N.I; Hasenfuf3; G; Pieske, B.; Konstantinides, S.V;
Lankeit, M. Temporal trends in management and outcome of pulmonary embolism: A single-centre
experience. Clin. Res. Cardiol. 2020, 109, 67-77.

Rush, B.; Wiskar, K.; Berger, L.; Griesdale, D.E. The use of thrombolysis for acute pulmonary embolism in
the United States: National trends and patient characteristics from 2006 to 2011. |. Emerg. Med. 2017, 52,
615-621.

Bikdeli, B.; Wang, Y.; Jimenez, D.; Ross, ].S.; Gupta, A.; Desai, M.M.; Parikh, S.A.; Monreal, M.; Goldhaber,
S.Z.; Krumholz, H.M. Recent trends in use of inferior vena caval filters in US older adults with acute
pulmonary embolism. Thromb. Res. 2020, 186, 78-79.



J. Clin. Med. 2020, 9, 3221 15 of 15

37. Stein, P.D.; Matta, F.; Hughes, M.]. Effectiveness of inferior vena cava filters in patients with stable and
unstable pulmonary embolism and trends in their use. Am. J. Med. 2020, 133, 323-330.

38. Jiménez, D.; Bikdeli, B.; Quezada, A.; Muriel, A.; Lobo, J.L.; de Miguel-Diez, J.; Jara-Palomares, L.; Ruiz-
Artacho, P.; Yusen, R.D.; Monreal, M. Hospital volume and outcomes for acute pulmonary embolism:
Multinational population based cohort study. BM] 2019, 366, 14416.

39. Burles, K,; Innes, G.; Senior, K.; Lang, E.; McRae, A. Limitations of pulmonary embolism ICD-10 codes in
emergency department administrative data: Let the buyer beware. BMC Med. Res. Methodol. 2017, 17, 89.

40. White, R.H.; Garcia, M.; Sadeghi, B.; Tancredi, D.].; Zrelak, P.; Cuny, J.; Sama, P.; Gammon, H.; Schmaltz,
S.; Romano, P.S. Evaluation of the predictive value of ICD-9-CM coded administrative data for venous
thromboembolism in the United States. Thromb. Res. 2010, 126, 61-67.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘@ ® article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




