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Introduction: Pulmonary embolism (PE) is the most common cause of vascular death after Received: 13 March, 2016
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The aim of this study was to assess the factors related to 1-year mortality in patients with
acute pulmonary embolism who survived the acute event. Material and methods: In total, 104
patients who had survived the acute episode of pulmonary embolism and underwent a one-
month follow-up after the acute event were included in the study. The patients were divided
into two groups: Group 1 — patients who had survived at one year after being diagnosed with
acute PE (80.76%, n = 84), and Group 2 — patients who had died after one year (19.23%, n =
20). Results: There were no differences between the 2 groups in relation to gender (p = 0.3),
or cardiovascular risk factors (diabetes: p = 0.5, smoking: p = 0.3, hypertension: p = 1, hyper-
cholesterolemia: p = 0.5, hypertriglyceridemia: p = 0.4). Patients who had deceased were sig-
nificantly older (73.35 + 9.37 years vs. 66.36 + 11.17 years, p = 0.005) and had a higher weight
compared to the survivors (85.8 + 21.09 kg vs. 75.89 + 22.69 kg, p = 0.03). Left ventricular
ejection fraction, measured by cardiac ultrasound, was significantly lower in the deceased
group compared to survivors (45.63 + 8.9% vs. 52.86 + 6.8%, p = 0.03). Multivariate analysis
identified the hemodynamic instability (OR = 3.17, p = 0.007), the presence of left QRS axis
deviation (OR = 4.81, p = 0.001), associated pulmonary pathologies (OR = 3.2, p = 0.02) as well
as the presence of chronic kidney disease (OR = 5, p = 0.04) as the most powerful predictors of
death at 1 year in patients with acute PE surviving the acute event. Conclusions: Factors asso-
ciated with a higher mortality rate at 1 year in patients who had survived at 1 month following
an acute pulmonary embolism episode included: older age, higher body weight, presence of
associated pulmonary pathologies, chronic kidney disease, left axis deviation, low left ven-  Andras Mester
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INTRODUCTION

Pulmonary embolism (PE) is the most common cause of
vascular death after myocardial infarction and stroke, be-
ing associated with high mortality and morbidity rates."?
The incidence of both idiopathic and secondary forms
of PE increases exponentially with age, with an average
annual incidence of approximately 108 per 100,000 per-
sons.>*

The important consequences of acute PE are related to
the alteration of the hemodynamic status of the patients,
and is evident when more than 30—-40% of the pulmonary
arterial bed is occluded by thromboembolism.>® This oc-
clusion may be life-threating in the acute phase, but the
right ventricular failure is potentially reversible. There-
fore it is imperative to establish the correct diagnosis at an
early stage, when treatment is highly effective.”

The diagnosis of PE in emergency settings is based
mainly on the assessment of the patient's clinical status.

The clinical evaluation ranks patients into several
probability categories. In Europe, the most frequently
used clinical PE prediction scores are the Wells and Ge-
neva scores. The revised Geneva score is a simple, stan-
dardized score based completely on clinical variables. The
Wells score consists of seven clinical criteria. Both scores
classify patients into low, moderate or high clinical prob-
ability categories.®?

Right ventricular dysfunction, including acute dilation,
assessed by cardiac ultrasound is found in at least 25%
of patients with PE. Echocardiographic criteria, used for
the diagnosis of PE, are usually based on the velocity of
the tricuspid regurgitation jet and right ventricular mea-
surements. Echocardiography provides information on the
differential diagnosis of cardiogenic shock caused by the
PE, by detecting acute valvular dysfunction, cardiac tam-
ponade or myocardial infarction.!**3

Electrocardiography (ECG) can show several abnor-
malities, mostly based on right ventricular (RV) overload,
seen as right ventricular dysfunction, but, on their own,
none of these different ECG signs are specific enough to
confirm the diagnosis of PE. The presence of right bun-
dle branch block and S1Q3T3 patterns in acute PE events
appears to be associated with a poorer outcome and RV
overload.*»*

Currently, plasma D-dimer is not considered a use-
ful biomarker for confirming PE. Normal values of plas-
ma D-dimer can exclude PE in patients with a low or
moderate clinical probability. In most countries, com-
puted tomography (CT) angiography, which allows vi-
sualization of the pulmonary arteries up to at least the
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segmental level, has become the method of choice for
diagnosing acute PE in patients with high clinical prob-
ability or low/moderate probability but elevated D-di-
mer levels.16-18

Various biomarkers have been considered for diagnos-
ing risk categories and prognosis in PE patients. Some
studies showed that the N-terminal brain natriuretic pep-
tide (NTproBNP), a biomarker characterizing right ven-
tricular dysfunction, is an indicator of short-term prog-
nosis in PE patients. At the same time, this is a very useful
biomarker for monitorization of the in-hospital evolution
and the assessment of short-term prognosis associated
with the disease.’”*° Interestingly, decreased serum levels
of total cholesterol and triglycerides have been found to
be associated with increased short-term mortality in PE
patients, and measurements of cholesterol levels within
24 hours of hospitalization may be valuable in predicting
short-term outcomes.*

The aim of the present study was to assess the factors
associated with one-year mortality in patients with acute
pulmonary embolism who survived an acute event.

MATERIALS AND METHOD

In total, 104 patients who had survived the acute episode
of PE and underwent a one-month follow-up at the Cardio
Med Medical Center from Tirgu Mures, Romania, during
the period January 2014 — May 2015 were included in the
study. Groups were defined by the status of the patients at
one year following the event. Group 1: patients who were
alive at the one-year follow-up. Group 2: patients who
died during the first year before follow-up.

Baseline characteristics, patient demographics, labo-
ratory results, cardiovascular risk factors, associated
diseases, as well as the imaging results (CT pulmonary
angiography, echocardiography) were retrospectively col-
lected from the patients' medical files.

The primary end-point of the study was the all-cause
mortality at one year in survivors of acute pulmonary em-
bolism.

Statistical analysis was performed using Graph Pad
Prism version 6.0 statistical software. Continuous vari-
ables were expressed as mean (SD) and categorical vari-
ables as frequencies and percentages.

Comparisons between the two groups were performed
using the Chi? test with Yates correction of Fisher's exact
test when appropriate, for qualitative data. For quantita-
tive variables, the comparison between the groups was
made using the two-tailed Student t-test or the two-
tailed Mann-Whitney test, when appropriate.
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The relative performance of each test was evaluated
with the 95% confidence interval (CI). The level of signifi-
cance was set at p = 0.05.

Multivariate analysis was performed to identify the
most significant predictors of death at one year following
an acute PE episode in patients who survived the acute
event.

All patients included in the study gave informed con-
sent, and the study was approved by the Ethics Committee
of the Cardio Med Clinic. All the study procedures were
performed in agreement with the principles stipulated in
the Declaration of Helsinki.

RESULTS

There were 84 (80.76%) patients in Group 1 and 20
(19.23%,) in Group 2. There were no differences between
the two groups in relation to gender (p = 0.3), or cardio-
vascular risk factors (diabetes: p = 0.5, smoking: p = 0.3,
hypertension: p = 1, hypercholesterolemia: p = 0.5, hyper-
triglyceridemia: p = 0.4).

However, there were significant differences between
the groups with respect to age and body weight. Patients
who had died were significantly older, 73.35 + 9.37 years
vs. 66.36 + 11.17 years (p = 0.005) and were of greater
weight compared to the survivors, 85.8 + 21.09 kg vs.
75.89 + 22.69 kg. (p = 0.03). The baseline characteristics,

TABLE 1. Baseline characteristics of the study population
Characteristic Deceased Survivors p value
n=20 n=84

Age (years) 73.35 + 9.37 66.36 + 11.17 0.005
Weight 85.8 £ 21.09 75.89 £ 22.69 0.03
Male gender 11 (55%) 38 (45.23%) 0.3
Arterial hypertension 14 (70%) 57 (67.95%) 1
Smoking 0 (0%) 8 (9.52%) 0.3
Diabetes 2 (10%) 16 (19.04%) 0.5
Hyper-Cholesterolemia 3-15% 21 (25%) 0.5
Hyper-triglyceridemia 1-5% 12 (14.28%) 0.4
Supraventricular arrythmias* 5-25% 18 (21.42%) 0.7
Obesity 4L—20% 26 (30.95%) 0.4
Pulmonary pathologies** 10-50% 20 (23.8%) 0.02
Diabetes 2-10% 16 (19.04%) 0.5
Chronic kidney disease 4—20% 4 (4.76%) 0.04
PAD*** 1-5% 3 (3.57%) 0.6
Stroke/Neurological disorders 4—20% 22 (26.19%) 0.8

* include atrial fibrillation, atrial flutter, supraventricular tachycardias;

*#* include chronic obstructive pulmonary disease, asthma, pneumonia, pleural ef-
fusion, pulmonary tumors, chronic infiltrative pulmonary disorders;

#** PAD — peripheral artery disease

the cardiovascular risk factors and the associated diseas-
es are listed in Table 1. There was a significantly higher
rate of associated pulmonary pathologies, COPD, asthma,
pneumonia, pleural effusion, pulmonary tumors and in-
filtrative lung disease (p = 0.02). There was also a higher
rate of chronic kidney disease (p = 0.04) in the case of pa-
tients who died, compared to survivors.

19.04% of patients who had survived had a history of
recurrent pulmonary embolism compared to only 10% of
the deceased. However, this difference was not statisti-
cally significant (p = 0.3).

The etiology of the acute pulmonary embolism epi-
sode (Table 2) did not differ significantly between the two
groups. No statistically significant difference was recorded
between the two groups in relation to the presence of deep
venous thrombosis, neoplasms, prolonged immobiliza-
tion, chronic venous insufficiency, intra-cardiac masses
or oral contraceptives.

The analysis of the clinical characteristics of the two
groups revealed that patients who died in the first year af-
ter the event had a higher peripheral pulse rate compared
to those who survived, 102.7 + 19.03 bpm vs. 89.57 + 18.53
bpm, *** (p = 0.003). There were no significant differ-
ences between the groups with respect to mean systolic
— 120 £ 24.72 mmHg vs. 124.9 + 23.9 mmHg (p = 0.4), or
diastolic arterial pressure — 68.7 + 17.1 mmHg vs. 73.81 +
14.14 mmHg (p = 0.2).

Hemodynamic instability, defined as cardiogenic shock
requiring inotropic support or the presence of cardiac ar-
rest during the acute phase of the PE, was present to a
significantly greater extent in patients who had died in the
1%t year after an acute PE, compared to those that had sur-
vived (Figure 1).

Laboratory test results did not show any statistically
significant differences between the two groups, except the
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FIGURE 1. Hemodynamic instability at baseline
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TABLE 2. The etiology of acute pulmonary embolism

Cause Deceased Survivors p value OR CI (95%)
n=20 n =84
Unknown 4 (20%) 22 (26.19%) 0.5 0.704 0.21-2.3
Deep Venous Thrombosis 8 (40%) 28 (29.76%) 0.6 1.30 0.48-3.6
Neoplasm 2 (10%) 3 (3.57%) 0.2 3.00 0.46-19.29
Imobilization (due to other causes than 3 (15%) 6 (7.14%) 0.6 1.40 0.26-7.75
surgery or trauma)
Chronic venous insufficiency 3 (15%) 13 (15.47%) 1 0.96 0.24-3.76
Cardiac causes 3 (15%) 7 (8.33%) 0.4 1.90 0.45-8.2
Imobilzation due to surgery or trauma 1 (5%) 4 (4.776%) 1 1.05 0.11-9.96
Oral contraceptives 0 (0%) 1(1.19%) 1 1.30 0.053-34.59

white blood cell count, which was considerably higher in
patients that had died in the 1% year, compared to survivors
(p = 0.0005) (Table 3). The serum levels of D-dimers were
not significantly higher in patients who died after one year.
A positive D-dimer test, defined as a serum level of D-di-
mer >5 micrograms/ml was encountered in 65% of patients
in Group 1 as compared to 53.57% of patients in Group 2,
the difference being not statistically significant (p = 0.3).

Electrocardiography showed the presence of a left QRS
axis deviation in a significantly higher rate in patients that
had deceased — 55%, compared to survivors — 20.23% (p
= 0.001). However, there were no differences between the
two groups regarding the presence of right bundle branch
block, negative T waves in leads V1-V3, or the presence of
S1Q3T3 aspect on the baseline ECG (Figure 2).

TABLE 3. Laboratory test results

The echocardiographic examination revealed no dif-
ferences between the two groups in relation to the right
ventricular diameter (p = 0.9) or the presence of tricuspid
regurgitation (p = 0.8). However, left ventricular ejection
fraction, measured by cardiac ultrasound, was signifi-
cantly lower in the deceased group, 45.63 + 8.9%), com-
pared to survivors, 52.86 + 6.8% (p = 0.03) (Figure 3).

Bilateral PE as shown by pulmonary computed to-
mography angiogram was significantly associated with
a higher mortality at one year. Sixty per cent of patients
from the deceased group had presented with a bilateral
PE, compared to 70.23% in the survivor group (p = 0.4, OR
=0.63, CI: 0.23—-1.74).

Analysis of the Geneva risk score indicated that the mean
integer value was significantly lower for the survivors (6.73

Cause Deceased Survivors p value
n=20 n =84
CK (UI/L) 298.8 + 156 213.2 + 59.37 0.6
LDH (UI/L) 301.8 + 120.3 282.8 + 124.1 0.4
BiT (mg/dl) 114 + 0.79 0.75 + 0.35 0.2
cTnlI (ng/ml) 0.311 + 0.204 1.31 + 0.412 0.8
NT pro BNP (pg/dl) 8,426 + 3,371 6,048 + 965.2 0.5
ASAT (UI/L) 70.65 + 19.98 62.05 + 12.63 0.5
ALAT (UI/L) 101.6 + 50.08 74.04 +17.81 0.6
White cell blood count 13,700 + 6,717 9,689 + 3,662 0.0005
Platelet count 231,941 + 95,552 203,211 + 63,485 0.2
Urea (mg/dl) 58.53 + 11.26 60.38 + 10.16 0.1
Creatinine (mg/dl) 1.241 + 0.13 22 +1.2 0.2
Glycemia (mg/dl) 137.1 + 96.62 163.3 + 137.3 0.8
Haematocrit (%) 38.46 + 5.11 52.57 + 68.35 0.3
Haemoglobin (mg/dl) 18.74 + 6.18 19.2 + 2.71 0.06
Total Cholesterol (mg/dl) 152.8 + 40.73 198.5 + 196.1 0.05
Triglycerides (mg/dl) 115 + 47.31 149.4 + 129.8 0.2
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FIGURE 2. ECG presentation at baseline
+ 372 VS. 9.9 £ 4.4, P = 0.009). Furthermore, when com- DISCUSSIONS

paring the Geneva risk categories between the two groups,
more patients classified as high risk had died by one year,
compared to the survivors (p = 0.0004) (Figure 4).

The vast majority of patients underwent conserva-
tory treatment with unfractionated heparin (Group 1 -
82.14%; Group 2 — 70% (p = 0.228), OR = 0.50, 95% CI:
0.16—1.53). In the deceased group, 30% of patients had re-
ceived thrombolytics, whereas in the survivor group, only
15.47%, however, the difference was not significant (p =
0.2, OR = 2.34, 95% CI: 0.76—7.2).

Multivariate analysis identified the hemodynamic in-
stability (OR = 3.17, p = 0.007), the presence of left QRS
axis deviation (OR = 4.81, p = 0.001), associated pulmonary
pathologies (OR = 3.2, p = 0.02) as well as the presence of
chronic kidney disease (OR = 5, p = 0.04) as the most pow-
erful predictors of death at one year (Table 4).

Suwivors _ 5286 ) 68
Deceased - 4563 +8.9

42%

44% 46% 48% 50% 52% 54%

FIGURE 3. Left ventricular ejection fraction measured at baseline

The results of the study revealed an overall death rate of
19.23% at one year following an acute PE, which is lower
in comparison to most other results stated in the litera-
ture. A study analyzing 572,773 death records in the USA
over a twenty-year period, found that 33.9% of patients
had PE as the underlying cause of death.?> Furthermore, a
European study found that the mortality rates at one year
were also higher (37.1%) compared to the results of the
present study.?? The main reason for this difference is ex-
plained by the fact that the present study enrolled only
patients who had survived the acute event of PE. Thus,
those cases who died during hospitalization for acute PE
or during the first month were excluded from the analy-
sis. Another study that extracted data from the govern-
ment database based on age- and gender-specific mor-
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50%
40%
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FIGURE 4. Risk categories for PE (Geneva risk score)
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TABLE 4. Multivariate analysis of predictors of mortality in survivors of acute PE

95% CI p value

Hemoptysis 1.421 0.13-14.43 0.7
Positive D-dimer 1.61 0.58—4.43 0.3
Tricuspid regurgitation 0.93 0.34—2.5 0.9
Left QRS axis deviation £4.81 1.72-13.49 0.001
RBBB * 0.75 0.19-2.8 0.6
S1Q3T3 pattern on ECG 0.14—1.05 0.05
Bilateral PE 0.63 0.23-1.74 0.4
Hemodynamic instability ** 3.17 0.99-10.14 0.007
Associated pulmonary pathology 3.20 1.165-8.789 0.02
CKD 1.13-22.11 0.04
Arterial Hypertension 1.105 0.38-3.19 1

tality rates concluded that PE remains a significant cause
of death, especially in females and the elderly,** though a
Japanese study showed that PE is an important cause of
death in young adults.?® In the present study, patients who
died were significantly older, but there were no differenc-
es between the study groups in relation to gender. Stein et
al. showed that, despite the fact that obese patients pres-
ent a higher rate of acute venous thromboembolism, these
patients show lower mortality rates compared to normal-
weight patients.? In the present study patients who died
had a higher body weight compared to survivors. Nor was
the presence of recurrent PE associated with a higher
mortality rate at one year. This is in line with the results
of the study performed by Dentali et al. which observed
that previous venous thromboembolism was significantly
associated with 1-year survival rates, a possible explana-
tion being the fact that these patients might be subject to
an earlier diagnosis and more rapid treatment.?
Regarding the hemodynamic parameters, blood pres-
sure values were not different between survivors and the
deceased, but a higher peripheral pulse rate was associ-
ated with higher mortality. Also, the presence of hemo-
dynamic instability, defined as the presence of shock,
inotropic requirement or cardiac arrest during the acute
phase of the PE, was associated with a significantly higher
death rate for patients who had survived during the one-
month follow-up after an acute PE. Meneveau et al. ana-
lyzed the predictors of long-term mortality in patients
who had survived the acute phase of PE, and found that
the most significant predictors were hemodynamic in-
stability as well as the pulmonary vascular obstruction
of more than 70% of the pulmonary bed.*’” Furthermore,
hemodynamic instability leading to cardiogenic shock and
the need for cardiopulmonary resuscitation are all proved
parameters for prediction of in-hospital mortality, how-

ever their impact on survivors of the acute phase is rela-
tively unknown.?®

It has been shown that an elevated white blood cell
count is associated with a higher risk of thirty-day mor-
tality in PE.>° In the present study, except from elevated
levels of white cell count, no other biomarkers were asso-
ciated with higher mortality rates in patients with PE, thus
showing that an enhanced inflammatory status during the
acute phase is linked with a poorer outcome at one year.

A study investigating the role of ECG in risk stratifica-
tion for pulmonary embolism demonstrated that the pres-
ence of right bundle branch block and the S1Q3T3 pattern
were both associated with right ventricular overload and
cardiac injury that occurs secondary to PE.?° Interestingly,
the present study showed that patients with a left QRS
axis deviation had a higher risk of dying during the one-
year follow-up. However, no difference was found be-
tween survivors and the deceased regarding the presence
of right bundle branch block, negative T waves in V1-V3 or
the presence of the S1Q3T3 pattern on the ECG performed
at baseline.

In the present study patients with pulmonary patholo-
gies such as chronic obstructive pulmonary disease, asth-
ma, pneumonia or pleural effusion had a higher mortal-
ity rate, and it is concluded that an impaired respiratory
function can have a negative impact on the prognosis of
PE patients. Also, there was a significant association be-
tween a negative one-year outcome and the presence of
chronic kidney disease. Similarly, Carson et al. followed
399 patients with PE over the course of 1 year, and found
that the associated pathologies that were positively cor-
related with long-term mortality were: presence of can-
cer (RR = 3.8; CI: 2.3—6.4), left-sided heart failure (RR =
2.7, CI: 1.5—-4.6), and chronic lung disease (RR = 2.2; CI:
1.2—-4.0), concluding that the long-term outcome of PE
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mainly depends on the presence and severity of the as-
sociated disease.*

The presence of malignant conditions has been proved
to be a negative predictor of mortality rates in pulmonary
embolism.?> The RIETE registry that included 35,539 ve-
nous thromboembolism patients showed that significant-
ly more patients that presented with PE and an associ-
ated form of cancer had died by three months, compared
to those without any malignant conditions.?* In the pres-
ent study, the causes of acute PE, including the presence
of neoplasm, deep venous thrombosis or the use of oral
contraceptives did not show any influence on the overall
mortality rates at one year.

Computed tomography pulmonary angiography (CTPA)
is the current gold standard technique for the diagnosis
of PE3* Ghanima et al. showed that CTPA could also be
used for risk assessment and that several CT parameters
are correlated with the right ventricular dysfunction as
measured by echocardiography, indicating that CT may
be considered a new possible prognostic tool for PE pa-
tients.?> The present study showed no significant differ-
ences between survivors and those who died, in regards to
thoracic CT angiography. The presence of emboli in both
pulmonary arteries was slightly higher in survivors. How-
ever, the difference was negligible.

Acute PE has a negative impact on right ventricular
(RV) function. RV dysfunction in PE is represented by RV
hypokinesis, RV dilation, and signs of pulmonary hyper-
tension.3® Analysis of the data of the present study showed
that the mean RV diameter was similar between the two
groups (p = 0.9), and there was no difference between the
two groups in relation to the presence of tricuspid regur-
gitation. However, the left ventricular ejection fraction
(LVEF) was significantly lower in patients who died at one
year, compared to survivors (p <0.05).

CONCLUSIONS

The clinical factors associated with a higher mortality rate
at one year in patients who had survived at one month fol-
lowing an acute pulmonary embolism episode were: older
age, higher body weight, the presence of associated pul-
monary pathologies, chronic kidney disease and left axis
deviation upon ECG examination. Also, left ventricular
ejection fraction was significantly lower in patients who
had died by one year after a PE episode, and hemodynamic
instability requiring inotropic support, cardiogenic shock
at presentation or cardiac arrest during the acute phase
were significantly associated with one-year mortality
rates in acute PE.
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