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Background: An integrated care pathway (ICP) is intended to improve the management of prevalent 
resource-consuming, life-threatening diseases. The purpose of this study was to determine whether the 
quality of patient care improved with the establishment of a dedicated unit for pulmonary embolism (PE).
Methods: A quasi-experimental pre-post study (pre: years 2010–2013; post: 2015–2020; year 2014, 
“washing” period) of PE patients ≥18 years (January 2010–June 2020). The intervention involved the 
implementation of an ICP for PE.
Results: The sample was composed of 1,142 patients (510 pre-intervention and 612 post-intervention) without 
significant differences between the two populations. In the post-intervention period, significant reductions were 
observed in the median length of hospital stay (LOS) (8 vs. 6 days); time to start of oral anticoagulation therapy 
(4.5 vs. 3.5 days; P<0.001); and the percentage of patients with high-risk PE in whom recanalization was not 
contraindicated (66.7% vs. 96%; P=0.009). In-hospital and 30-day mortality decreased, although not significantly 
(4.5% vs. 2.8%; P=0.188; 6.1% vs. 5.2%; P=0.531, respectively). Multivariate logistic regression analysis showed 
that the median LOS intervention decreased significantly according to the service where patients were referred 
to, and with the use of the simplified PESI. During follow-up, lifelong anticoagulation was prescribed to a higher 
proportion of patients in the post-intervention period (30.7% vs. 69.3%; P<0.001).
Conclusions: Although an ICP for PE does not reduce mortality significantly, it improves the quality of 
patient care.
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Introduction

Pulmonary embolism (PE) is a frequent life-threatening 
clinical entity with an incidence of 1 in 1,000 inhabitants/
year. It is the third most frequent cause of cardiovascular 
disease and mortality, after myocardial infarction and 
cerebrovascular disease (1).

PE imposes a considerable social and economic burden. 
Mortality can only be reduced if clinical practices are 
improved and the use of diagnostic studies and therapeutical 
approaches is optimized. Otherwise, adverse events occur 
resulting in unnecessary costs. Hence the necessity of 
developing clinical practice guidelines (CPG) and integrated 
care pathways (ICPs) that ensure the optimization of patient 
care (2,3). The main objectives of these interventions are 
improving the effectiveness of clinical processes through 
coordinated continuous patient care. This approach 
prevents inconsistencies in clinical practice and, based 
on scientific evidence, supports the use of more effective 
processes with the adequate timing, which improves the 
quality of patient care.

Patient care quality is largely associated with the 
individual level of variability in clinical decision-making 
and the multidisciplinary management of a disease (4). In 
this scenario, an ICP provides the opportunity to establish 
dedicated units, clinical pathways, rapid pathways and 
other actions such as the creation of pulmonary embolism 
response team (PERT) (5-9), unfortunately, at the moment, 
in our hospital we do not have a PERT.

These interventions are intended to improve the 
management of prevalent, resource-consuming, life-
threatening diseases such as PE. However, once they are 
created, their impact on the quality of patient care should 
be evaluated following the plan-do-check-act sequence (10), 
which enables planners to quantify improvements. Very few 
initiatives of this type have been evaluated in Europe, less in 
Spain.

The purpose of this study is to determine whether the 
quality of patient care improves with the establishment of an 
ICP for PE by which emergency care, hospitalization care, 
and follow-up services are provided by a dedicated unit. 
Such improvement will be assessed using simple indicators 
that can be applied in other specialties.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-595).

Methods

Design and approach

The study was conducted in a tertiary university hospital 
equipped with over 1,000 beds serving a population of 
450,000. It is a quasi-experimental, pre-post study that 
included all patients >18 years ling admitted to our hospital 
for PE between January 2010 and June 2020. Patients were 
recruited by consecutive sampling; all information was 
collected from electronic health records where the patients 
were identified with the ICD-9 and ICD-10 diagnostic 
codes. The intervention involved the implementation 
of an ICP for PE (supplementary material: https://cdn.
amegroups.cn/static/public/jtd-21-595-1.pdf).

D i a g n o s i s  o f  P E  w a s  c o n f i r m e d  b y  h e l i c a l  
contrast-enhanced computed tomography scanning of the 
thorax (11), concurrent to a ventilation/perfusion lung 
scintigraphy showing a high probability of PE (according 
to Prospective Investigation of the Pulmonary Embolism 
Diagnosis criteria) (12), or the presence of proximal 
deep vein thrombosis in the lower limbs confirmed on 
compression ultrasonography in patients with inconclusive 
findings on ventilation/perfusion scintigraphy (13). Cases 
were identified by a search of International Classification 
of Disease, 9th revision codes (ICD-9-CM codes 415.11 and 
415.19) and 10th revision codes (ICD-10-CM codes I26.0 
and I26.9) on hospital discharge reports. Subjects younger 
than 18 and patients admitted for causes other than PE who 
developed PE as a complication during hospitalization were 
excluded. Length of hospital stay (LOS) was calculated 
based on the electronic discharge report.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Review Board of the Health 
District (registration code 2018/299) and informed consent 
was taken from all the patients.

Definition of the intervention, pre-post periods and study 
variables

After the publication in 2013 of the National Consensus on 
the Diagnosis, Risk Stratification and Management of patients 
with PE (14), our Service of Pulmonology designed a 
specific protocol for the management and follow-up of 
these patients in a dedicated department of the Service that 
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subsequently developed into an ICP for PE. The ICP was 
designed by a multidisciplinary team composed of specialists 
from all the services involved in the diagnosis and treatment 
of the disease. The implementation of the protocol started 
in 2014, although it was not incorporated into the Intranet 
of the hospital until 2018 and has been updated after the 
publication of European Society of Cardiology (ESC) 
Guidelines for the diagnosis and management of acute 
PE in 2019 (see supplementary material: https://cdn.
amegroups.cn/static/public/jtd-21-595-1.pdf).

The pre-intervention period was the 2010 and 2013 
period (both included). 2014 was considered the “washing” 
period, since it was the first year of implementation. The 
protocol was not applied for some patients, whereas others 
were included in the pilot phase of implementation of the 
protocol. The post-intervention period corresponded to the 
2015–2020 period.

Selection of variables

(I) To compare patient care quality in the two periods, 
we used the indicators employed by the Spanish 
Society of Pulmonology and Thoracic Surgery 
(SEPAR) to grant the certification of excellence in 
PE care (15), namely: mean hospital stay in patients 
admitted for PE; percentage of patients with high-
risk PE in whom surgery was not contraindicated, 
who underwent reperfusion treatment (systemic 
thrombolysis or percutaneous catheter-directed treatment); 
in-hospital mortality (percentage of patients admitted 
for PE who died from PE in the hospital); major 
non-fatal bleeding at 30 days; non-fatal recurrences 
at 30 days; readmission at 30 days; and all-cause 
mortality at 30 days. Other data included recurrence 
in patients in whom anticoagulation therapy had 
been suspended and time from diagnosis to start of 
oral anticoagulation therapy, where indicated. Other 
variables were the number of patients admitted to 
the units of intensive care (ICUs) or respiratory 
intermediate care units (RICUs) for hemodynamic 
monitoring and surveillance.

(II) Other  data  inc luded  sex ;  age ;  presence  o f 
cardiovascular risk factors [smoking, high blood 
pressure, obesity (body mass index ≥30), diabetes, and 
dyslipidemia]; presence of active cancer; chronic lung 
disease; heart failure; Charlson index (16) as well as 
pulmonary embolism severity index simplified version 
(sPESI) (17); degree of dyspnea (modified from the 

Medical Research Council) (18); and time to the start 
of coumarin anticoagulant therapy (the three last 
variables are associated with longer LOS) (19).

Statistical analysis

Univariate analysis was performed to assess differences in 
the study variables before (pre-intervention, 2010–2013) 
and after (post-intervention 2014–2020) the dedicated PE 
Unit was established. Comparisons were carried out by the 
Chi-square test for categorical variables and for continuous 
variables, medians comparison test and t-student have 
been used. Significance was set at a P value <0.05. Next, 
multivariate regression analysis was performed with the 
intervention period (pre vs. post) as the main independent 
variable. Sex, age, service where the patient was admitted, 
sPESI and Charlson index were the variables of adjustment. 
The main independent variable was a hospital stay above or 
below the median. Results are expressed as Odds Ratio (ORs) 
with 95% confidence intervals. All results were analyzed 
with the IBM SPSS v22 (Armonk, NJ, USA) software 
package.

Results

A total of 1,142 patients were included in the study, of 
whom 510 and 632 had a PE before and after the PE Unit 
was established, respectively. No relevant sex- or age-based 
differences were observed as a function of the intervention 
period. The proportion of never-smokers was slightly 
higher in the pre-intervention period. No differences were 
found either in other clinical variables such as dyslipidemia, 
obesity, hypertension or diabetes, and Charlson index. The 
proportion of patients classified as intermediate-high risk 
PE was slightly higher in the post-intervention period.  
Table 1  shows the characteristics of the sample by 
intervention period.

Table 2 compares clinical data related to PE before and 
after the Unit was established. There was a significant 
decrease in the median post-intervention LOS (Figure 1), 
which decreased from 8 to 6 days. Time from diagnosis 
to start of oral anticoagulation also decreased from 4.5 
to 3.5 days (P<0.001). The number of patients admitted 
to the ICU/RICU after the implementation of the ICP 
increased from 8.2% to 18.4% (P<0.001). The percentage 
of patients with hemodynamic instability (high risk) was 
similar in the two periods (pre-intervention: 5.3% vs. 5.2% 
post-intervention). However, the number of reperfusion 
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Table 1 Description of pre- and post-intervention samples

Variable Pre-intervention (n, %) Post-intervention (n, %) P 

Cases 510 (44.7) 632 (55.3)

Sex

Female 324 (63.5) 361 (57.1) 0.028

Age 0.021

Mean 71.5 69.3

Range 19–96 17–96

Smoking habits <0.001

Smoker 41 (8.1) 71 (11.3)

Former smoker 44 (8.6) 118 (18.8)

Never-smoker 424 (83.3) 439 (69.9)

Arterial hypertension 266 (52.2) 312 (49.9) 0.349

Diabetes mellitus 84 (16.5) 73 (11.6) 0.016

Dyslipidemia 130 (25.5) 224 (35.4) <0.001

Obesity 101 (36.3) 180 (33.3) 0.383

Chronic venous insufficiency 61 (12) 75 (11.9) 0.969

Previous immobilization 98 (19.2) 108 (17.1) 0.353

Previous major surgery 35 (6.9) 49 (7.8) 0.567

Lower limb fracture 17 (3.3) 21 (3.3) 0.992

Hormonal contraceptives 28 (5.5) 33 (5.2) 0.841

Active cancer 33 (6.5) 62 (9.8) 0.042

Chronic pulmonary disease 74(14.5) 78 (12.3) 0.284

Heart failure 38 (7.5) 25 (4.0) 0.010

Charlson 0.075

0–1 367 (72.0) 484 (76.6)

≥2 143 (28.0) 142 (23.4)

sPESI 0.111

0 165 (32.4) 233 (36.9)

≥1 345 (67.6) 399 (63.1)

Risk

Low 126 (25.0) 169 (27.0) <0.001

Intermediate-low 315 (62.0) 319 (51.0)

Intermediate-high 40 (8.0) 109 (17.0)

High 27 (5.0) 33 (5.0)

sPESI, simplified pulmonary embolism severity index.
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Table 2 Results of the clinical indicators related to pulmonary embolism before and after the intervention

Variable Pre (n, %) Post (n, %) P value

Days of stay

Mean (SD) 9.8 (6.5) 7.4 (5.4)

Median 8 6 <0.001

ICU/RICU admission 42 (8.2) 116 (18.4) <0.001

Patients with hemodynamic instability (high risk) 27 (5.3) 33 (5.2) 0.956

Reperfusion treatment 0.032

Performed 14 (51.9) 24 (72.7)

Not performed 7 (25.9) 1 (3)

Contraindicated 6 (22.2) 8 (24.2)

% of patients without contraindication who underwent recanalization 14 (66.7) 24 (96) 0.009

Systemic fibrinolysis 14 (2.7) 21 (3.3) 0.573

Intra-arterial fibrinolysis 0 9 (1.4) n/a

Time (days) to start of oral anticoagulation; mean (SD) 4.5 (3.7) 3.5 (2.4) <0.001

In-hospital mortality from pulmonary embolism 23 (4.5) 18 (2.8) 0.188

All-cause 30-day mortality 31 (6.1) 33 (5.2) 0.531

Non-fatal 30-day hemorrhage 7 (1.4) 17 (2.7) 0.123

30-day recurrence 1 (0.2) 2 (0.3) 0.693

Anticoagulation at discharge

Coumarin anticoagulants 422 (82.7) 439 (69.5) <0.001

LMWH 85 (16.7) 147 (23.3) 0.002

DOACs 3 (0.6) 46 (7.3) <0.001

Patients with PE not associated with an identifiable risk factor and 
lifelong anticoagulation

153 (30.7) 346 (69.3) <0.001

DOACs, direct oral anticoagulants; LMWH, low molecular weight heparin; PE, pulmonary embolism; ICU, intensive care unit; RICU, 
respiratory intermediate care unit. 

treatment and the percentage of patients without 
contraindication who received this treatment was higher 
in the post-intervention group (51.9% vs. 72.7%; P=0.032 
and 66.7% vs. 96%; P=0.009, respectively). There was a 
numerically reduced mortality rate related to PE before and 
after the Unit was established, mortality decreased from 
4.5% to 2.8% (P=0.188), but it did not reach statistical 
significance. Mortality at 30 days declined slightly in the 
post-intervention period, although differences were not 
significant. The percentage of patients who received low-
molecular weight heparin and direct oral anticoagulants 
was significantly higher in the post-intervention period 
(17.7% vs. 23.3%; P=0.002 and 0.6% vs. 7.3%; P<0.001); 

consequently, the proportion of patients who received 
coumarin anticoagulants was lower (82.7% vs. 69.5%; 
P<0.001). The proportion of patients with PE without 
identifiable risk factors who were prescribed lifelong 
anticoagulation therapy was significantly lower in the pre-
intervention group (3.7%) vs. 346 (69.3%) in the post-
intervention group (P<0.001).

Table 3 shows the results of multivariate logistic 
regression, which illustrates the impact of the intervention 
on the mean LOS adjusted by age, sex, service of admission, 
and sPESI. The establishment of a dedicated unit reduced 
significantly the median LOS for PE. Thus, the probability 
that the LOS exceeded the median halved in the post-
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intervention period. Other factors influencing LOS were 
the service to which the patient was referred after ER 
admission and sPESI determination.

Discussion

To the best of our knowledge, this is the first study in 
Europe to assess the impact of the establishment of a 
dedicated Unit for Pulmonary on the quality of patient care. 
The results obtained demonstrate that the establishment 
of this unit resulted in an improvement in the clinical 
course of the disease, with a significant reduction of LOS, 
improved coagulation times, and a reduction (although not 
significant) of in-hospital mortality. Ambulatory follow-
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Table 3 Effect of the different variables on the median length of hospital stay

Variable Raw OR Adjusted OR P value

PE unit <0.001

Pre-unit 1 (–) 1 (–)

Post-unit 0.41 (0.32–0.52) 0.56 (0.43–0.73)

Age 0.620

<70 1 (–) 1 (–)

≥70 1.52 (1.19–1.94) 0.93 (0.70–1.24)

Sex 10.4

Male 1 (–) 1 (–)

Female 1.27 (1.00–1.62) 1.12 (0.86–1.45)

Service of admission <0.001

PLM 1 (–) 1 (–)

IM 8.70 (5.23–14.69) 5.19 (2.99–8.98)

Other 0.71 (0.32–1.57) 0.45 (0.19–1.02)

sPESI <0.001

0 1 (–) 1 (–)

≥1 0.37 (0.29–0.48) 2.47 (1.83–3.32)

Charlson 0.337

0–1 1 (–) 1 (–)

≥2 1.54 (1.18–2–01) 1.16 (0.86–1.55)

IM, internal medicine; PLM, pulmonology; sPESI, simplified pulmonary embolism severity index; PE, pulmonary embolism.
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up of patients by the dedicated Unit was associated with 
an increased frequency in the prescription of lifelong 
anticoagulation therapy in patients with a history of PE. 
The methods employed are applicable to the evaluation of 
ICPs in the field of cardiology and pulmonology.

Both, the objective of CPG and ICP for PE is to 
improve patient care. These tools have a broader scope 
than PERT, which are intended to form a multidisciplinary 
team for the design of individualized therapies for acute PE 
of intermediate-to-high risk. However, no studies have yet 
been conducted to assess the impact that the establishment 
of specific units has on the quality of PE management, 
based on the use of simple, generalizable indicators and 
using a quasi-experimental, pre-post design.

The difference observed in the number of intermediate-
high risk PE between periods is probably due to the fact 
that prior to 2014, not as many determinations of troponin 
levels were carried out. The determination of markers of 
myocardial damage has made it possible to better classify 
hemodynamically stable patients who showed data of 
right ventricular dysfunction on imaging tests. After the 
intervention, a greater number of patients were monitored, 
and this implies a better follow-up of the CPGs.

One of the most frequent indicators is the LOS, 
since hospitalization, along with diagnostic studies and 
comorbidities of these patients, account for most of the 
economic burden of PE (20-22). The median LOS in the 
two periods (pre- and post-intervention) is consistent with 
the ones reported in our environment (23). During the 
first year of the pre-intervention period, the median LOS 
decreased. This reduction may be attributed to the fact 
that, in 2010, the management of PE patients was assigned 
to a single specialist to ensure a consistent management of 
the disease. In the post-intervention period, a significant 
decrease was found in LOS (8 to 6 days). Hence, the 
probability that the LOS exceeded the median after the 
intervention halved in the post-intervention period. 
Several factors may have influenced these outcomes. First, 
according to current clinical guidelines, oral anticoagulation 
must be started the same day of admission, concurrently 
to parenteral anticoagulation (1,14,24) in order to achieve 
that the international normalized ratio (INR) is within 
therapeutic range as fast as possible, without an increase of 
adverse effects (25). In our case, time to initiation of oral 
anticoagulation decreased from 4.5 to 3.5 days (P<0.001), 
which explains at least partially the reduction in the median 
LOS. Previous studies have associated the reduction of LOS 
with early initiation of oral anticoagulation (26,27). On the 

other hand, according to ESC guidelines, the use of DOACs 
is preferred over VKA, and this has also been associated 
with a decrease in hospital stay (28). However, in our study, 
the majority of our patients receive treatment with VKA 
despite the fact that DOACs are offered as a first option. 
The explanation is that our National Health System does 
not finance the treatment with DOACs for PE and does 
finance the AVK. Another factor of influence is the service 
to which the patient was referred after ER admission. A 
previous study of our group demonstrated that, as compared 
to referral to the Service of Pulmonology, the OR for a 
LOS to exceed the median was significantly higher [8.65 
(95% CI: 5.42–13.79)] for patients referred to the Service 
of Internal Medicine (19). In this study, the data collected 
in the pre-intervention study confirm previous results (Table 
3). Most likely, these differences are explained by a higher 
adherence to recommendations for the management of PE 
by the staff of these services (1,14,24) rather than by the 
fact that patients admitted to the Unit of Internal Medicine 
may have more comorbidities, as suggested elsewhere (19).  
This analysis could not be performed in the post-
intervention period, because since the implementation of 
the ICP, all patients with a PE were admitted to the unit of 
Pulmonology. A third factor of influence in LOS is sPESI. 
In this case, there were no significant differences in the 
number of patients with a sPESI ≥1 in the two periods.

The percentages of patients who underwent reperfusion 
treatment or patients with high-risk PE in whom 
reperfusion treatment was not contraindicated increased 
significantly in the post-intervention period; all despite a 
similar number of patients were hemodynamically instable 
in the two periods. This reflects an improvement in the 
management of patients with high-risk PE.

In-hospital mortality and 30-day mortality during the 
two periods were lower than expected (10%) (29). Of note, 
both, in-hospital mortality and 30-day mortality decreased 
in the post-intervention period (in-hospital 4.5% vs. 2.8%; 
at 30 days: 6.1% vs. 5.2%), although differences were not 
significant. Significance may have not been reached due to 
the low mortality in the two periods. However, other factors 
may have also caused this reduction, such as the involvement 
of the Emergency Unit, Intensive Medicine Unit, and 
Cardiology Unit in the design and implementation of the 
ICP, or the most strict adherence to CPG for critical care or 
intermediate care (8.2% vs. 18.4%; P<0.001).

The risk of recurrence of thromboembolism was 2.3–2.5 
times higher in patients with a non-induced PE as compared 
to induced PE (30). For this reason, current CPG suggest 
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considering lifelong treatment in patients with PE without 
identifiable risk factors, weighing the risk of recurrence 
against the risk of hemorrhage (1,14). Following this new 
recommendation, the number of patients with non-induced 
PE who were prescribed lifelong anticoagulation therapy in 
the post-intervention period increased significantly (69% 
vs. 30.7%; P<0.001). This recommendation may result in a 
reduction of recurrence and an increase in the diagnosis of 
hidden neoplasms as a consequence of long-term follow-
up. Although these issues are out of the scope of this 
study, if this criterion would have been applied in the pre-
intervention period, 169 more patients would have been 
prescribed lifelong anticoagulation therapy. Of them, 17 
(10%) experienced a relapse. In contrast, during the post-
intervention period, only one of the 346 patients on lifelong 
anticoagulation had a relapse after a minimum follow-up 
of 2 years. This finding is consistent with the results of a 
meta-analysis that demonstrates that anticoagulation is 
effective in preventing relapse as long as the treatment is  
maintained (31). In the post-intervention period, no cases 
of neoplasm were identified among patients with induced 
PE vs. 16 cases of neoplasm among patients on lifelong 
anticoagulation (4.6%; P=0.005).

The results of this work have some strengths. First, the 
pre-post design enables comparative analysis of patients seen 
in the same center, with a similar genetic background, and 
with a quasi-experimental approach. To avoid distortions 
during the period of establishment of the Unit, data from 
year 2014 were excluded from analysis. The sample was 
relatively large, which allowed us to obtain precise results. 
Finally, long-term follow-up by the Unit enabled us to 
determine the proportion of patients who received lifelong 
anticoagulation therapy.

This study also has some limitations. A randomized 
clinical trial was not conducted, which would have allowed 
us to assess the impact of the establishment of the Unit. 
However, randomization of several health centers and 
healthy subjects would have been necessary, since, if we 
assume that the establishment of the Unit was beneficial, 
it would not have been ethical that a group of patients 
was treated in other units. Another limitation is that 
readmissions were not directly analyzed, although this 
aspect was not within the scope of the study.

Finally, the results of this study demonstrate that the 
establishment of a PE ICP has a direct impact on patients, 
as it reduces hospital stay and improves adherence to current 
recommendations for patients who have an indication for 
reperfusion treatment. In contrast, a significant reduction 

in in-hospital mortality was not achieved. These results 
have an impact on clinical practice, as reducing LOS (mean:  
2 days) in a process as prevalent as PE results in a significant 
reduction of costs and an increased availability of beds for 
other patients. This type of studies should be conducted to 
assess the effectiveness of any reorganization in patient care 
in the field of pulmonology and cardiology.
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