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Abstract

Objective: The thrombolytic treatment is a subject of debate in acute pulmonary embolism (APE) with an
intermediate risk for adverse outcomes. Our aim is to investigate retrospectively the effects of thrombolytics
on mortality and other cardiovascular outcomes in intermediate-risk APE patients with further classification into
low-intermediate or high-intermediate risk groups.

Methods: The study included 227 patients diagnosed as APE. Mortality risk stratification was done according
to the 2014 European Society of Cardiology guidelines on APE. The primary outcome was in-hospital death
related to APE. A composite of hemodynamic deterioration, cardiogenic shock, and total mortality was defined
as the composite clinical endpoint.

Results: One hundred and sixty-nine (74.4%) of patients were classified as low-intermediate risk, and 58
(25.6%) of patients were classified as high-intermediate risk. The total number of patients who received al-
teplase (tissue plasminogen activator) was |57 (69.2%), with no difference between both groups (p=0.97). In
the low-intermediate risk group, there were no differences in primary and composite endpoints regarding to
thrombolytic therapy. In the high-intermediate risk group, both total mortality and APE-related mortality were
lower in patients treated with thrombolytics (p=0.025 for both).

Conclusion: Classifying patients into low-intermediate and high-intermediate risk subsets is helpful for deter-
mining patients who may benefit from thrombolytic treatment.

Keywords: Intermediate-risk pulmonary embolism; mortality risk classification; pulmonary embolism; throm-
bolytic treatment.

Orta diisiik ve Orta Yiiksek Riskli Pulmoner Embolide
Trombolitik Tedavinin Hastane I¢i Sagkalima Etkisi

Ozet

Amag: Olumsuz sonuglar agisindan orta riskli akut pulmoner emboli (APE) hastalarinda trombolitik tedavi halen
bir tartisma konusudur. Amacimiz, trombolitiklerin orta riskli APE hastalari {izerindeki mortalite ve diger kardi-
yovaskiiler sonuglara etkilerini; hastalari distik-orta risk veya yiiksek-orta risk gruplarina ayirarak retrospektif
olarak incelemektir.

Yontem: Calismaya APE tanisi alan 227 hasta dahil edildi. Mortalite risk siniflandirmasi, 2014 Avrupa Kardiyo-
loji Dernegi (ESC) APE kilavuzuna gére yapildi. Birincil sonlanim noktasi, APE ile iligkili hastane igi 6lim olarak
belirlendi. Hemodinamik bozulma, kardiyojenik sok ve toplam mortalitenin birlesimi ise birlesik klinik sonlanim
noktasi olarak tanimland.
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Bulgular: Hastalarin 169'u (%74,4) distik-orta riskli, 58' (%25,6) ise yliksek-orta riskli olarak siniflandirildi. Alteplaz (doku plazminojen aktivatord;
tPA) alan toplam hasta sayisi |57 (%69,2) idi ve her iki grup arasinda bu agidan bir fark yoktu (p=0,97). Duslik-orta risk grubunda, trombolitik tedavi
agisindan birincil ve birlesik sonlanim noktalarinda bir fark saptanmadi. Yiiksek-orta risk grubunda ise, trombolitiklerle tedavi edilen hastalarda hem
toplam mortalite hem de APE ile iliskili mortalite daha distkti (her ikisi igin p=0,025).

Sonug: Hastalarin disiik-orta ve yliksek-orta risk alt gruplarina gore siniflandiriimasi, trombolitik tedaviden fayda gorebilecek hastalari belirlemek

icin faydalidir.

Anahtar sozciikler: Orta riskli pulmoner emboli; mortalite risk siniflandirmasi; pulmoner emboli; trombolitik tedavi.

Introduction

Risk stratification is a crucial part of evaluation for patients di-
agnosed with acute pulmonary embolism (APE). Patients with
hypotension and organ hypoperfusion at presentation are can-
didates for immediate thrombus removal by thrombolysis or
other means.['! On the other hand, patients with no clinical
risk factors for adverse outcomes and no indication for right
ventricular (RV) dysfunction or myocardial injury have a favor-
able short- and long-term outcome that can be safely managed
as outpatients.l! Remaining patients, who were labeled as hav-
ing an “intermediate” risk, are not under an imminent risk for
death, but the 30-day mortality rate may reach up to 25%.!
Selecting an appropriate treatment strategy for this group is
more complex, given that some but not all studies have shown
an overall benefit of thrombolytic therapy over a more conser-
vative strategy with heparin.[*!

To clarify the treatment strategy in patients with an interme-
diate risk for adverse outcomes, the 2014 European Society
of Cardiology (ESC) guidelines on the diagnosis and manage-
ment of APE introduced, for the | time, the division of this
group into “low-intermediate” and ‘“high-intermediate” risk
subgroups.!'” This approach was based on observational studies
suggesting an overall worse outcome for patients with a higher
pulmonary embolism severity score (PESI), together with RV
dysfunction and positive biomarkers for myocardial injury.'"'Z
Although early thrombolytic treatment is supported by at least
one randomized controlled trial” to reduce short-term (7-day)
adverse outcomes in normotensive patients with RV dysfunc-
tion and elevated troponin levels at admission, its long-term
efficacy has not been demonstrated.”'*'*l In addition, entry cri-
teria for the latter study did not align with the 2014 ESC guide-
line recommendations, given that PESI or simplified PESI (sPESI)
scores were omitted in identifying intermediate-risk patients.
Therefore, to the best of our knowledge, data on the benefit
of thrombolytic treatment for these “high-intermediate” risk
patients, as defined by the 2014 ESC guidelines, are still lacking.

In the present study, we retrospectively reviewed the medical
records of patients diagnosed with APE and stratified their
short-term mortality risk in accordance with the 2014 ESC
guidelines. Consequently, we aimed to evaluate the compar-
ative impact of thrombolytic therapy on mortality and other
major adverse cardiovascular outcomes among patients cate-
gorized into “low-intermediate” and ‘“high-intermediate” risk
subgroups.
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Materials and Methods

Patient Selection

For the present analysis, electronic medical records between Jan-
uary 2009 and December 2013 were retrospectively screened
using the search term “pulmonary embolism.” Subsequently,
patients aged |8 years or older with a diagnosis confirmed by
computed tomography (CT) angiography were assessed for el-
igibility. Patients with incomplete records were excluded from
the analysis. The remaining study population was retrospective-
ly stratified into low, low-intermediate, high-intermediate, and
high-risk groups as detailed below. After excluding the low- and
high-risk categories, 227 out of 423 patients categorized into ei-
ther the low-intermediate or high-intermediate risk subgroups
were included in the final analysis. The demographic, clinical,
laboratory, echocardiographic, and outcome data of the pa-
tients were retrieved from the electronic medical database.

The analysis was performed according to the 1975 Declaration
of Helsinki, and this study was approved by the Haydarpasa Nu-
mune Training and Research Hospital Ethic Committe (Date:
26.02.2018, Decision no: HNEAH-KAEK 2018/KK/28).

Definitions

The diagnosis of APE was confirmed with CT angiography in
all patients. PESI and sPESI scores were computed according
to previous definitions.l'*"'1 A troponin level above the 99*
percentile was accepted as a positive troponin value for myo-
cardial injury. For all patients, evaluation of RV function was
performed with echocardiography, and RV dysfunction was
defined as a tricuspid regurgitation velocity higher than 2.8
m/s and one of the following: (a) absolute RV end-diastolic
diameter equal to or higher than 42 mm on apical 4-chamber
view or (b) A right-to-left ventricular end-diastolic diameter
ratio higher than 0.9. Patients with PESI risk class llI-V or a
sPESI score 21 were classified as having an intermediate risk.
Patients with an intermediate risk, RV dysfunction, and myo-
cardial injury as defined above were classified as high-inter-
mediate risk. Remaining patients, as well as those with a PESI
risk class |-l or sPESI<| but who had either RV dysfunction
or myocardial injury, were also classified as low-intermediate
risk.l'! Mortality was attributed to APE if no other causes
were found and the death was preceded by hemodynamic de-
terioration. Fatal bleeding was defined as any bleeding event
that resulted in in-hospital mortality. Total mortality was de-
fined as all-cause mortality during the hospital stay.
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Hemodynamic deterioration was defined as need for inotropic
agents to maintain vital organ perfusion and blood pressure in
the presence of an adequate RV preload. Cardiogenic shock was
defined as hemodynamic deterioration together with signs of
vital organ malperfusion or cardiopulmonary arrest. A compos-
ite of hemodynamic deterioration, cardiogenic shock, and total
mortality was defined as the composite clinical endpoint.

Conventional Treatment and Thrombolytic Regi-
men

All patients received unfractionated heparin (UFH) or weight-ad-
justed low molecular weight heparin (enoxaparin) as soon as
the diagnosis was established. The dose of UFH was adjusted to
reach a target value of 1.5-2.5 times above the normal cut-off
value for activated partial thromboplastin time. All patients who
underwent thrombolytic treatment received a standard dose of
100 mg alteplase (tissue plasminogen activator [tPA]) that was
infused within 2 h. Anticoagulation was achieved with UFH in all
patients who received tPA.

Statistical Analysis

For continuous variables, normal distribution and quality of
variances were checked with Shapiro—Wilk and Levene’s tests,
respectively. Continuous data were presented as median and
interquartile range. Categorical variables were presented as
percentages. The sample was divided into low-intermediate-risk
and high-intermediate-risk groups. Further subgroups were
formed according to administration of tPA at admission. Com-
parisons between individual groups and subgroups were per-
formed using Student’s T-test and Mann—Whitney U tests. Since
the t-test is relatively robust for deviations from a normal dis-
tribution when the sample size for each group is large (230), the
t-test was preferred over Mann—-Whitney U test for the major-
ity of analyses. For subgroup analyses of the high-intermediate
risk group, Mann—Whitney test was used. Kaplan-Meier curves
were drawn to determine in-hospital survival for patients who
did or did not received tPA at admission. Differences between
tPA (+) and tPA (-) subgroups were assessed using log-rank
analysis. To determine univariate and multivariate determinants
of in-hospital total mortality in tPA subgroups, a Cox propor-
tional hazards model was used. Variables that had a p < 0.05 on
univariate analyses were introduced the final multivariate mod-
els. No model was constructed for the low-intermediate risk
group due to an exceedingly low number of events (n=3).

Results

The median age of the patients was 66 (range, 18-92) years, and
121 (53.3%) of the patients were females. 77 patients (33.9%)
had RV dysfunction, and 215 (94.7%) had myocardial injury
on initial evaluation. The median PESI and sPESI scores were
89 (range, 28-221) and | (range, 0-3), respectively. Accord-
ing to these findings, 169 (74.4%) of patients were classified as
low-intermediate risk, while the remaining 58 (25.6%) patients
were classified as high-intermediate risk. tPA was given to 157
(69.2%) of patients, with no difference between low-interme-
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diate and high-intermediate risk groups (p=0.97). 14 (6.2%) of
patients needed inotropic agents during hospitalization, while
12 (5.3%) patients had hemodynamic deterioration during fol-
low-up. Total in-hospital mortality and composite end-point
were observed in 14 (6.2%) and 17 (7.5%) patients, respectively.
Median in-hospital follow-up was 8 (range, 1-34) days and 138
(60.8%) patients hospitalized for 7 days or longer.

Low-Intermediate versus High-Intermediate Risk
Groups

Demographic, clinical, echocardiographic, and outcome data
for low-intermediate and high-intermediate risk groups are
provided in Table I. Patients within the high-intermediate
group were older and more frequently had hypertension, dia-
betes, previous coronary artery disease, previous cerebrovas-
cular disease, heart failure, and chronic obstructive pulmonary
disease. RV dysfunction was more frequent in the high-inter-
mediate risk group, along with a higher systolic pulmonary
artery pressure (Table I). There were no differences regarding
to troponin value. Thrombolytic treatment was given to a sim-
ilar number of patients in each risk group. Finally, APE-related
mortality, cardiogenic shock, and inotrope requirement during
follow-up were all significantly higher in the high-intermediate
risk group (all p<0.05).

Patient Characteristics in Subgroups that Received
Thrombolytic Therapy

Data regarding the demographic, clinical, echocardiograph-
ic, laboratory variables, and outcomes for subgroups of pa-
tients who did or did not receive thrombolytic treatment are
presented in Appendix a and b. In the low-intermediate risk
group, patients who received thrombolytic treatment had low-
er oxygen saturation and tricuspid annular plane systolic ex-
cursion (TAPSE) values (p<0.005 for both). In contrast, there
were nearly no differences in patient characteristics regarding
to tPA (+) and (-) subgroups in the high-intermediate risk pa-
tients (Appendix a, b). However, patients who did not receive
tPA at admission had a higher PESI score, which did not reach
statistical significance.

Outcomes for Patients that Received Thrombolytic
Therapy

In the low-intermediate risk group, there were no differenc-
es regarding APE-related mortality and composite endpoint in
patients who did or did not receive thrombolytic therapy. In
the high-intermediate risk group, APE-related mortality was
lower in patients treated with thrombolytics (p=0.008). In Ka-
plan-Meier analysis, there was a trend toward higher in-hos-
pital survival in patients treated with thrombolytics (log-rank
p=0.098) in the whole study group, though it was not statisti-
cally significant. Similarly, no significant difference in in-hospital
survival was observed within the low-intermediate risk group
(log-rank p=0.26). In contrast, among high-intermediate risk
patients, survival was numerically higher in the tPA (+) group,
demonstrating a notable clinical trend despite not reaching for-
mal statistical significance (log-rank p=0.10).
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Table |. Demographic, clinical, echocardiographic and outcome data for low-intermediate and high-intermediate risk groups

Mortality risk class P Mortality risk class P
Low- High- Low- High-
intermediate intermediate intermediate intermediate
(n=120) n (%) (n=107) n (%) (n=120) n (%) (n=107) n (%)

Age Min—Max (Median) 12-32 (20) 14-32 (20)
MeanxSD 625111636  66.66£1523  0.664* Oxygen Saturation (%)
Min—Max (Median) 18-89 (65) 24-92 (69) MeantSD 92.95+4.98 91.58+5.81 0.088*
Gender Min-Max (Median) 54.6-100 (94)  55-98.6 (93)

Female 69 (57.5) 52 (48.6) 0.180¢ PESI score

Male 51 (42.5) 55 (51.4) MeantSD 84.77+28.28  105.58%35.11  0.022°*
Smoking Min-Max (Median) 28-221 (81) 34-206 (99)

Absent 70 (58.3) 66 (61.7) 0.607¢ Systolic blood pressure (mmHg)

Present 50 (41.7) 41 (38.3) Mean+SD 125.13£19.04  121.57£19.29  0.441*
Hypertension Min-Max (Median) 80-211 (121.5) 90-185 (120)

Absent 65 (54.2) 41 (38.3) 0.017< Echo RV diameter (mm)

Present 55 (45.8) 66 (61.7) MeantSD 33.7%5 42417 0.253°
Diabetes Min—Max (Median) 23-40 (35) 22-60 (42)

Absent 94 (78.3) 67 (62.6) 0.009* TAPSE (mm)

Present 26 (21.7) 40 (37.4) MeantSD 17.95+3.43 14.75%3.16 0.838°
Coronary artery disease Min—Max (Median) 10-30 (18) 8-25 (I5)

Absent 103 (85.8) 80 (74.8) 0.035%* SPAP (mmHg)

Present 17(14.2) 27 (252) Mean+SD 50,28+10,51  57,86%1551  0.049%
Myocardial infarction Min—Max (Median) 30-75 (50) 30-130 (55)

Absent 112 (93.3) 96 (89.7) 0.326¢ RV dilatation (242 mm)

Present 8(6.7) 11(10.3) Absent 120 (100) 30 (28) 0.001
Hypothyroidism Present 0(0) 77(72)

Absent 106 (88.3) 100 (93.5) 0.183¢ APE related mortality

Present 14 (11.7) 7(6.5) Absent 119(99.2) 96 (89.7) 0.004=+*
Hyperlipidemia Present 1 (0.8) 11 (10.3)

Absent 99 (82.5) 79 (73.8) 0.113¢ Composite endpoint

Present 21 (17.5) 28 (26.2) Absent 41 (34.5) 34 (32.1) 0.706¢
Cerebrovascular disease Present 78 (65.5) 72 (67.9)

Absent 117 (97.5) 98 (91.6) 0.047< Hospital stay (days)

Present 3(25) 9(84) Mean%SD 9.35+4.3] 9.11+4.9 0.537°
Chronic kidney disease Min-Max (Median) 1-34 (9) 1-31 (8)

Absent 112(93.3) 96 (89.7) 0.458° Prolonged hospitalization (27 days)

Present 8(6.7) 11(10.3) Absent 44 (36.7) 45 (42.1) 0.406¢
Heart failure Present 76 (63.3) 62 (57.9)

Absent 115 (95.8) 92 (86) 0.017= Inotrope requirement (follow-up)

Present 5(42) 15(14) Absent 118 (98.3) 95(88.8)  0.007°*
COPD Present 2(1.7) 12(11.2)

Absent 112 (93.3) 90 (84.1) 0.045¢* Cardiogenic shock (follow-up)

Present 8(6.7) 17.(15.9) Absent 119 (99.2) 96 (89.7)  0.004*
Heart rate (bpm) Present 1 (0.8) 11 (10.3)

MeantSD 103.98£18.73  106.69%17.41  0.3332 In-hospital hemorrhage related

Min—-Max (Median) 44-170 (108.5)  61-154 (110) mortality
Respiratory rate (breaths/min) Absent 120 (100) 106 (99.1) 0.471¢

MeantSD 20.83+3.56 2191415 0.027%* Present 0(0) I (0.9)

* Student t Test; ®: Mann-Whitney U Test; < Pearson Chi-square test; % Fisher's exact test; ©: Yates Continuity Correction test; *: p<0.05; **: p<0.01. PESI: Pulmonary embolism severity
score; Echo: Echocardiography; RV: Right ventricle; TAPSE: Tricuspid annular plane systolic excursion; sPAP: Systolic pulmonary artery pressure; APE: Acute pulmonary embolism;
SD: Standard deviation; COPD: Chronic obstructive pulmonary disease.
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Table 2. Multivariable logistic regression analysis of risk
factors associated with mortality

P OoDDS %95 Cl

Lower Upper
Step 3a
PESI score 0.095 1.023 0.996 1.050
TAPSE at admission (mm) 0.014* 0.438 0.227 0.846
tPA(no) 0.061 10.137 0.902 [13.94
Smoking (yes) 0.685 0.561 0.034 9.168
sPAP at admission (mmHg) 0.256 1.030 0.979 1.084

Values are shown from the final step of the regression model. *: p<0.05. PESI: Pulmonary
embolism severity score; TAPSE: Tricuspid annular plane systolic excursion; tPA: Tissue

plasminogen activator; sPAP: Systolic pulmonary artery pressure; Cl: Confidence interval.

However, the prognostic value of these variables became more
evident in the multivariable logistic regression analysis. For the
entire study population, lower TAPSE values were identified
as the sole independent predictor of mortality (Table 2). Al-
though not included in the main table, further subgroup analysis
of patients with high-intermediate risk APE revealed that total
PESI score and neutrophil count were significant independent
predictors of mortality. Furthermore, while thrombolytic treat-
ment was not associated with mortality in the overall group
(p=0.18), it demonstrated a significant survival benefit specifi-
cally within this high-intermediate risk subgroup (hazard ratio:
0.182, 95% confidence interval: 0.05-0.73, p=0.045).

Discussion

Despite several limitations, the findings from the present study
provide an argument favoring the risk stratification approach sug-
gested by the 2014 ESC APE guideline. Although our study de-
sign was based on the 2014 guidelines, the risk stratification used
herein remains fundamentally aligned with the 2019 ESC update,
confirming the enduring clinical relevance of our results.['®! Major
findings of the present analysis can be summarized as follows: (i)
Patients in high-intermediate risk group were at an increased risk
for early mortality, (ii) Patients with high-intermediate risk APE
are older and more frequently have serious comorbidities com-
pared to patients with low-intermediate risk APE, (iii) Throm-
bolytic treatment at admission seems to provide an in-hospital
survival benefit for patients with high-intermediate risk APE but
not for patients with low-intermediate risk APE, (iv) Total PESI
score and neutrophil count have incremental prognostic value
in intermediate risk patients, even after adjusting for low- and
high-intermediate risk classification. This latter finding may be
useful for further risk classification in high-intermediate risk pa-
tients that may benefit from more advanced treatment for APE.

Several studies have shown that PESI score, sPESI score, in-
creased troponin | or T, and RV dysfunction as prognostic mark-
ers for normotensive APE patients.l'®'*2!1 |n a recent systematic
review and meta-analysis, ElImewafy et al.?? demonstrated that
troponin elevation was consistently linked not only to increased
short-term mortality but also to clinical deterioration indicators
such as intensive care unit admission, hypotension, and RV dila-
tation. 2014 ESC guidelines recommended using a combination
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of clinical severity scores (PESI and sPESI) together with imaging
markers of RV dysfunction and biomarkers of myocardial injury
(troponins) to identify normotensive APE patients at highest risk
for adverse outcomes.l'y However, to the best of our knowl-
edge, the prognostic capability of this risk classification strategy
has not been evaluated in a prospective or retrospective study.
The present analysis confirms that patients within high-interme-
diate risk APE have approximately eightfold risk for mortality
following adjustment for other variables. In addition, we found
that patients with high-intermediate risk APE were older and
more frequently have comorbidities, although none of these fac-
tors were found as univariate or multivariate determinants for
in-hospital mortality. However, the present analysis was limited
to the in-hospital period, and these factors could be detrimental
for the long-term outcomes of high-intermediate risk patients.
Findings from the PEITHO trial suggest that mortality during
long-term is much higher than mortality in the acute phase in a
patient cohort with both RV dysfunction and positive troponin
at baseline, where the cause of death was related with underly-
ing conditions rather than long-term sequelae of APE.I'!l Since
we have observed that comorbidities were more frequent in the
high-intermediate risk patients than those with a low-interme-
diate risk, patients within the former group might be at a higher
risk for death not only during the short term but also at the
long-term compared with those within the latter group.

The effectivity of thrombolytic treatment in those without he-
modynamic deterioration or cardiogenic shock at admission is
a long-debated subject. While the present analysis has several
limitations, it nonetheless suggests that thrombolytic treatment
reduces the risk of APE-related mortality in the high-intermedi-
ate risk patients. This finding is a strength of the present analysis:
The similarity in the baseline characteristics of patients within the
high-intermediate risk group who did and did not receive throm-
bolysis (Appendix a, b). While the overall mortality rate for the
whole study group was comparable to previous reports, in-hos-
pital mortality rate was very high in the high-intermediate risk
patients independent of thrombolytic treatment. In the PEITHO
trial, mortality at 7 days was 1.2% in the tenecteplase group and
1.8% in the conventional treatment group.”? Becattini et al.l'
have reported an overall 5.8% risk for patient with both RV dila-
tation and troponin elevation, while the composite endpoint was
observed in 8.8% of patients. As both studies did not include
PESI or sPESI scores as an inclusion criterion, the mortality rate
between these studies and the present analysis was not directly
comparable. In the high-intermediate risk group, the mean PESI
score was 105.5+35, indicating a high mortality risk. This risk is
likely further augmented by the presence of RV dysfunction and
myocardial injury, since both parameters were omitted from the
original PESI classification.'” Nonetheless, the present analysis
suggests that integrating PESI/sPES| scores with RV dysfunction
and myocardial injury markers can identify patients at the highest
risk for mortality who may derive the most benefit from throm-
bolysis. This finding not only supports the recommendations of
the 2014 ESC guidelines but also remains fully consistent with
the 2019 ESC update, which further reinforces this integrated
risk stratification as a cornerstone of clinical management."!
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In contrast to the high-intermediate risk group, patients with a
low-intermediate risk had a significantly lower risk for in-hospital
APE-related mortality independent of thrombolytic treatment.
This finding is in line with previous trials and observations that
found sole presence of RV dysfunction, “massive” APE, or symp-
toms is inadequate to identify patients who may benefit from
systemic thrombolysis.®?! In the present analysis, characteristics
of patients who received thrombolytic treatment in the low-in-
termediate risk group were somewhat different from those who
did not receive thrombolytic treatment. This last finding consti-
tutes a serious compromise for the present analysis and limits
conclusions that could be drawn from the outcome analysis in
the low-intermediate risk group. Still, when considered togeth-
er with the previous studies mentioned before, these findings
nonetheless suggest that thrombolytic treatment is probably not
useful in patients designated as having a low-intermediate risk.

When considered as a dichotomous parameter, the sPESI score
offers a similar predictive accuracy to the original PES| score
for identifying higher-risk APE patients.['%1 Calculating sPESI is
much simpler than the original PESI, and the presence of only one
positive parameter is adequate to identify higher-risk patients.!*]
In the present study, we have found that the original PESI, but
not sPESI, was significantly different between low-intermediate
and high-intermediate risk patients, and the original PESI score
remained as a useful tool for predicting mortality even after ad-
justment for other variables such as RV dysfunction or troponin.
Since only patients with intermediate-risk APE were included
in the present analysis, this finding did not contradict the find-
ings of Jiménez et al.l'! but rather suggests a possible role of
the PESI score for further risk classification of intermediate-risk
APE. The clinical usefulness of the PESI score to determine in-
termediate-risk patients who may benefit from thrombolysis or
other reperfusion strategies remains unclear and needs further
research. A more practical approach might be the early identifi-
cation of patients with high-intermediate risk APE in the emer-
gency department by utilizing the PESI score before other test
results (cardiac troponin and RV imaging) become available, given
that this scoring system is entirely based on clinical variables.

Study Limitations

The present study was a retrospective analysis conducted using
a patient database from a single institution; therefore, all limita-
tions pertinent to retrospective analyses were present. Patients
in whom thrombolytics were not given were treated with either
UFH or low molecular weight heparin, while all patients who
received tPA were anticoagulated using UFH. This difference
in the baseline anticoagulation treatment might have affected
the results. Data were only present for in-hospital events and
mortality, so no long-term extrapolations should be made from
these findings. While patient characteristics for tPA subgroups
were similar in high-intermediate risk group, patients in the
low-intermediate risk group that received thrombolytic treat-
ment had different baseline characteristics compared to those
that did not receive thrombolytics. An exceedingly low event
rate in the low-intermediate risk group nonetheless suggests
that thrombolytic treatment is probably unnecessary to reduce
the risk of early mortality and might be even hazardous.
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Conclusion

Patients with low-intermediate and high-intermediate risk APE
have very different baseline clinical and echocardiographic char-
acteristics that may affect short- and long-term outcomes.
Thrombolytic treatment did not improve in-hospital outcomes
when used indiscriminately in all intermediate-risk patients.
Low-intermediate risk patients had a very low in-hospital event
rate and excellent survival, regardless of thrombolytic therapy. In
contrast, cardiogenic shock and in-hospital mortality due to APE
were higher in the high-intermediate risk patients, who showed
a better survival rate when thrombolytic treatment was adminis-
tered. This real-world analysis validates the prognostic utility of
sub-classifying intermediate-risk patients into low-intermediate
and high-intermediate categories, as initially introduced by the
2014 ESC guidelines and maintained in subsequent updates. Our
findings further emphasize the importance of this stratification
in identifying patients who may derive the greatest survival ben-
efit from thrombolytic therapy or other advanced therapies.
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Appendix a. Demographic and laboratory data for low-intermediate and high-intermediate risk patients who did or did not
receive thrombolytic treatment

Mortality risk class p
Low-intermediate (n=120) p High-intermediate (n=107)
tPA (-) (n=41) tPA (+) (n=79) tPA (-) (n=29) tPA (+) (n=78)
Age
Mean%SD 65.71£17.4 60.85%15.65 0.1232 70.14%15.16 65.37£15.14 0.1512
Min-Max (Median) 18-87 (70) 19-89 (64) 32-90 (72) 24-92 (69)
Gender; n (%)
Female 25 (61) 44 (55.7) 0.579¢ 14 (48.3) 38 (48.7) 0.968¢
Male 16 (39) 35 (44.3) I15(51.7) 40 (51.3)
Smoking; n (%)
Absent 21 (51,2) 49 (62) 0.255¢ 20 (69) 46 (59) 0.345¢
Present 20 (48.8) 30 (38) 931l 32 (41)
Hypertension; n (%)
Absent 20 (48.8) 45 (57) 0.394¢ I'1(37.9) 30 (38.5) 0.960¢
Present 21 (51.2) 34 (43) 18 (62.1) 48 (61.5)
Diabetes; n (%)
Absent 35(85.4) 59 (74.7) 0.178¢ 16 (55.2) 51 (65.4) 0.332¢
Present 6 (14.6) 20 (25.3) 13 (44.8) 27 (34.6)
Coronary artery disease; n (%)
Absent 37 (90.2) 66 (83.5) 0.318° 24 (82.8) 56 (71.8) 0.246°
Present 4(9.8) 13 (16.5) 5(17.2) 22 (28.2)
Myocardial infarction; n (%)
Absent 40 (97.6) 72 (91.1) 0.262¢ 25 (86.2) 71 (91) 0.485¢
Present I (2.4) 7 (8.9) 4(13.8) 7(9)
Hypothyroidism; n (%)
Absent 39 (95.1) 67 (84.8) 0.135¢ 26 (89.7) 74 (94.9) 0.386¢
Present 2 (4.9) 12 (15.2) 3(10.3) 4(5.1)
Hyperlipidemia; n (%)
Absent 32 (78) 67 (84.8) 0.355¢ 24 (82.8) 55 (70.5) 0.200¢
Present 9 (22) 12 (15.2) 5(17.2) 23 (29.5)
Cerebrovascular disease; n (%)
Absent 39 (95.1) 78 (98.7) 0.269¢ 23 (79.3) 75 (96.2) 0.01 1%
Present 2(4.9) I (1.3) 6(20.7) 3(3.8)
Chronic kidney disease; n (%)
Absent 38(92.7) 74 (93.7) 1.000¢ 26 (89.7) 70 (89.7) 1.000¢
Present 3(7.3) 5(6.3) 3(10.3) 8 (10.3)
Heart failure; n (%)
Absent 39 (95.1) 76 (96.2) 1.000¢ 24 (82.8) 68 (87.2) 0.545¢
Present 2 (4.9) 3(3.8) 5(17.2) 10 (12.8)
Chronic obstructive pulmonary disease; n (%)
Absent 38(92.7) 74 (93.7) 1.000¢ 26 (89.7) 64 (82.1) 0.552¢
Present 3(7.3) 5(6.3) 3(10.3) 14 (17.9)
GFR epi
MeanSD 72.6126.78 72.73%£25.25 0.868° 67.61£24.55 66.811£44.15 0.453°
Min-Max (Median) 6.1-135.8 (71.4) 16.9—-125.3 (71.9) 23.7-116.9 (68.6) 11.5-372 (59.7)
GFR mdrd
Mean+SD 74.97+28.21 74.81%32.68 0.947° 71.11£25.65 64.29128.75 0.202°
Min—Max (Median) 7.6-153 (69.7) 18.8-265.5 (72.3) 26.3-120.4 (70.9) 13.7-190 (62)
D dimer
MeanSD 5610.5£6740.26 4334.5114432.51 0.321° 4753%3689.19 4652.99+4828 0.574°

Min—Max (Median)
CKMB

235-37676 (3327)

36-19639 (2600)

50-11720 (3080)

269-20000 (3014)
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Mortality risk class P
Low-intermediate (n=120) p High-intermediate (n=107)
tPA (-) (n=41) tPA (+) (n=79) tPA (-) (n=29) tPA (+) (n=78)
Mean£SD 28.68+21.15 37.29+113.34 0.351° 24.94+13.57 29.18+17.65 0.329*
Min—Max (Median) 10-101 (22) 1.5-960 (21) 1.4-67 (22) 8-106 (24)
Glucose
MeanSD 140.83159.17 159.71+88.93 0.167° 159.52+67.51 168.97£79.15 0.705°
Min—Max (Median) 94-394 (121) 70-695 (136) 69-335 (148) 87428 (140)
Alt
Mean£SD 26,56x17,72 58,1+95;3 0.019%* 56,17175,25 81,41£223,39 0.570°
Min—Max (Median) 6-72 (20) 8-574 (26,5) 8-266 (26) 9-1713 (29)
Ast
MeantSD 32.29£18.83 57.32%100.02 0.187° 64.791£75.32 59.05£92.36 0.601°
Min—Max (Median) 15-100 (26) 10-694 (28) 16-369 (39) 10-713 (37)
LDH
MeanSD 328.63%146.6 356.19£218.04 0.386° 346.93£144.31 460.571531.94 0.096°
Min—Max (Median) 205-856 (287) 162—1708 (299) 184-833(301.5) 94-4518 (351.5)
Potassium
Mean+SD 4.54%0.71 4.2910.61 0.053 4.41+0.59 4.61£0.7 0.163
Min—Max (Median) 3.5-6.6 (4.4) 2.8-6.4 (4.3) 3.1-5.3 (4.5) 3.5-6.6 (4.6)
Sodium
MeantSD 138.37£3.12 138.56+3.55 0.764 138.83+2.77 138.53+3.7 0.692
Min—Max (Median) 130-145 (139) 128-147 (139) 133-143 (139) 128-150 (139)
WBC
MeanxSD 10.25%£2.39 11.49£3.57 0.047* [1.52£3.02 12.4£4.56 0.338
Min—Max (Median) 5.2-15.5(10.4) 4-23.7 (10.9) 5.2-19 (10.8) 5.6-32.5(11.8)
Hemoglobin
MeantSD 12.22+1.96 [3.1£1.64 0.010%* 12.42+1.78 13.37+4.29 0.255
Min—Max (Median) 8.5-16.3 (12.5) 8.7-16.9 (13.3) 8.3—15.1 (12.5) 4.6-45.6 (13)
Hematocrit (HTC)
MeantSD 36.9+5.49 38.9414.9 0.040% 37.39£5.71 38.88£5.69 0.231
Min—Max (Median) 27-48.6 (37.2) 26.7-51.5 (39.3) 23.7-47.5 (37.5) 27.2-55.1 (38.4)
Platelet
Mean+SD 226.02+65.4 221.71£68.94 0.741 190.07+56.35 229.24498.33 0.046*
Min—Max (Median) 127-420 (215) 101-447 (218) 78-308 (185) 58.7-670 (210)
Neutrophil
MeantSD 7.79%12.4 8.931£5.52 0.505° 10.63+8.56 9.7514.44 0.952°
Min—Max (Median) 3.3-13.1 (7.9) 3.6-50 (7.9) 3.5-52.2(8.7) 3.1-27.4 (8.9)
Lymphocyte
Mean+SD 1.641+0.62 1.95+0.79 0.020b* [.67%1 1.82+1.02 0.280°
Min—Max (Median) 0.4-3.4 (1.6) 0.2-3.8 (1.9) 0.3-3.7 (1.3) 0.4-5.9 (1.6)
Troponin
MeantSD 0.61%0.6 0.74%1.9 0.110° 0.74%£0.96 [ 1x1.7 0.324°
Min—Max (Median) 0.1-2.1 (0.3) 0-15.3(0.2) 0.1-4.2 (0.4) 0-10 (0.5)
Bun
Mean£SD 20.37%13.19 21.52+10.94 0.532° 27.83%18.14 25.93114.88 0.935°
Min—Max (Median) 8-94 (20) 4-62 (20) 11-83 (20) 8-105 (22)
Creatine
MeantSD I.12+1.01 1.07+0.48 0.692° 1.09+0.41 1.27£0.63 0.144°
Min—Max (Median) 0.5-7.3 (0.9) 0.3-3.4 (1) 0.5-2.3 (1) 0.4-4.4 (1.1)
Troponin (+) (above reference value); n (%)
Absent 0 (0) 5(6.5) 0.162¢ 0(0) I (1.4) 1.000¢
Present 41 (100) 72 (93.5) 29 (100) 73 (98.6)

* Student t-test; ®: Mann—Whitney U Test; < Pearson Chi-square test; * Fisher’s exact test; ®: Yates Continuity Correction test; *: p<0.05; **: p<0.01. tPA: Tissue plasminogen activator,

GFR: Glomerular filtration rate.
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Appendix b. Clinical, echocardiographic and outcome data for low-intermediate and high-intermediate risk patients that
did or did not receive thrombolytic treatment

Mortality risk class P
Low-intermediate (n=120) p High-intermediate (n=107)
tPA (<) (n=41) tPA (+) (n=79) tPA (-) (n=29) tPA (+) (n=78)
Heart rate (bpm)
MeanxSD 98.05+20.48 107.06+17.08 0.012* 101.72+16.08 108.54+17.63 0.072
Min-Max (Median) 44-160 (96) 69-170 (110) 70145 (105) 61-154 (110)
Respiratory rate (breaths/min)
MeantSD 20.24+3.74 21.13+£3.45 0.199 21.17+4.18 22.18+4.14 0.267
Min—Max (Median) 12-28 (20) 12-32 (20) 16-32 (20) 14-32 (20)
Oxygen saturation (%)
MeantSD 94.171£2.59 92.32+5.77 0.049* 92.23+5.57 91.3415.91 0.483
Min-Max (Median) 85-99 (94) 54.6-100 (93) 72-98 (94) 55-98.6 (92)
PESI score
MeantSD 84.76129.05 84.77128.05 0.998b 117.38+41.75 101.19£31.49 0.065°
Min-Max (Median) 28-157 (81) 36-221 (81) 45-206 (108) 34-205 (97)
Systolic blood pressure (mmHg)
MeantSD 129.24+17.86 123+19.39 0.088 119.66%16.29 122.28+20.35 0.534
Min-Max (Median) 90180 (130) 80-211 (120) 90160 (120) 90185 (120)
Echo RV diameter (mm)
MeanxSD 3.47£0.38 3.33%£0.54 0.194 4.35+0.54 4.19+0.76 0.356
Min-Max (Median) 2.6-4 (3.6) 2.3-4(3.5) 3.2-5.54.2) 2.2-6 (4.2)
TAPSE (mm)
MeantSD 18.88+2.9 17.26£3.66 0.036* 15.3%£3.6 14.53+2.97 0.325
Min—Max (Median) 15-25 (19) 10-30 (17) 125 (I5) 8-22 (15)
sPAP (mmHg)
MeantSD 48.47+8.52 51.38+11.49 0.174 55.88%19.1 58.56x14.12 0.524
Min-Max (Median) 35-70 (50) 30-75 (50) 35-120 (50) 30-130 (55)
RV dilatation (242 mm); n (%)
Absent 41 (100) 79 (100) - 8 (27.6) 22 (28.2) 1.000¢
Present 0 (0) 0 (0) 21 (72.4) 56 (71.8)
APE related mortality; n (%)
Absent 41 (100) 78 (98.7) 1.000¢ 22 (75.9) 74 (94.9) 0.008*
Present 0(0) I (1.3) 7(24.1) 4 (5.1
Composite endpoint; n (%)
Absent 17 (41.5) 24 (30.8) 0.243¢ 93l 25 (32.5) 0.888¢
Present 24 (58.5) 54 (69.2) 20 (69) 52 (67.5)
Hospital stay (days)
MeantSD 9.05+5.18 9.51+3.82 0.303° 8.114.68 9.49+4.96 0.144°
Min—Max (Median) 1-34(9) 2-21 (9) 2-22.(7) =31 (8.5)
Prolonged hospitalization (27 days); n (%)
Absent 18 (43.9) 26 (32.9) 0.236¢ I15(51.7) 30 (38.5) 0.217¢
Present 23 (56.1) 53 (67.1) 14 (48.3) 48 (61.5)
Inotrope requirement (follow-up); n (%)
Absent 40 (97.6) 78 (98.7) 1.000¢ 24 (82.8) 71 (91) 0.300¢
Present I (2.4) I (1.3) 5(17.2) 7(9)
Cardiogenic shock (follow-up); n (%)
Absent 41 (100) 78 (98.7) 1.000¢ 24 (82.8) 72 (92.3) 0.164¢
Present 0(0) I (1.3) 5(17.2) 6(7.7)
In-hospital hemorrhage related mortality; n (%)
Absent 41 (100) 79 (100) - 29 (100) 77 (98.7) 1.000¢
Present 0(0) 0(0) 0(0) I (1.3)

* Student t-test; ®: Mann-Whitney U Test; < Pearson Chi-square test; % Fisher’s exact test; ©: Yates Continuity Correction test; *: p<0.05; **: p<0.01. tPA: Tissue plasminogen activator,
PESI: Pulmonary embolism severity score; Echo: Echocardiography; RV: Right ventricle; TAPSE: Tricuspid annular plane systolic excursion; sPAP: Systolic pulmonary artery pressure; APE:
Acute pulmonary embolism; SD: Standard deviation.



