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ABSTRACT

Aims: To facilitate the early diagnosis of the related patient group by investigating the level of Malondialdehyde (MDA) in
high-risk pulmonary thrombo embolism (PTE). In addition, it was aimed to see the effect of treatment after acute PTE on
oxidative stress and to evaluate whether it is associated with the development of chronic thrombus.

Methods: This study was conducted prospectively in 44 patients diagnosed with PTE in single-center. At the time of diagnosis,
after 6 months of follow-up and treatment, the MDA levels of the patients were evaluated together with the controlled tests.

Results: MDA level was found to be a determinant in the estimation of high-risk PTE. The average MDA levels of the patients
included in the study were found to be 9.64+3.76 before PTE treatment and 4.74+2.48 after treatment. The average MDA level
after treatment was found to be 5.15+2.90 in patients whose thrombus persisted, and 3.77+1.99 in patients with resolution.
There were significant differences between groups. In addition, It was observed that MDA levels measured at the time of
diagnosis and after treatment were higher in patients in whom thrombus resolution could not be achieved after treatment.

Conclusion: MDA level is a guiding parameter in high-risk PTE. In addition, the continuation of oxidative stress in the case of

chronic thrombus may be important in the remodeling of the precapillary pulmonary artery.
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INTRODUCTION

Pulmonary thromboembolism is a disease with high
mortality that develops as a result of obstruction of the
pulmonary artery (PA) and/or its branches by materials
originating from another part of the body (thrombus, air,
fat, tumor cells, amniotic fluid, septic materials, etc.).' The
mean annual incidence of venous thromboembolism (VTE),
including deep vein thrombosis (DVT) and PTE, ranges from
23-269/100,000.

In acute PTE cases, “risk classification”, which evaluates
the risk of 30-day mortality, should be done in order to make
the treatment approach correctly. High-risk PTE accounts for
less than 5% of all patients with an early hospital mortality of
at least 15%.°

Thrombus resolution may take up to two months after
acute PTE.* In a study, patients with PTE were re-evaluated
6 months later and chronic thrombus was reported in
approximately 50% of them.* While PTE in which large-
diameter vessels with no thrombus resolution are involved
results in chronic period vascular remodeling, PTE in which

small-diameter vessels are involved results in chronic period
proliferation and abnormal endothelial function.” In addition,
the thrombus existing in the vascular bed is organized
and plays a key role in the remodeling of the precapillary
pulmonary artery by causing changes in the medial and
intimal layers of the pulmonary arteries. These changes in the
pulmonary artery can result in pulmonary hypertension.

Free radicals are molecules that have one or more
unpaired electrons in their final orbital and are therefore
highly unstable.® In a healthy microorganism, there is a
certain balance between the formation and elimination
of free radicals. This situation is called oxidative balance.
Reactive oxygen products, which are formed as a result of the
deterioration of this balance in favor of oxidants, react with
the unsaturated bond structures of cholesterol and fatty acids
in the cell membrane, forming peroxidation products and
causing changes in the chemical and physical structure of the
cell membrane.

The most toxic one of the compounds formed as a result of
lipid peroxidation are aldehydes. As a result of this reaction,
cytotoxic and mutagenic MDA and 4-hydroxynonenal are
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formed. MDA has a toxic effect by binding to amino groups
of proteins, phospholipids and nucleic acids. It can easily pass
through the cell membrane and react with the structural
components of DNA. This causes mutagenic, carcinogenic
and genotoxic effects” This high reactivity and longevity
of MDA have made it one of the most frequently used
parameters to measure the peroxidation level.

Oxidative stress develops in the organism as a result
of instability, hypoperfusion, hypoxia and ischemia
caused by pulmonary thromboembolism.®  Studies
have shown that oxidative stress plays a role in the
remodeling of the precapillary pulmonary arteries.
Determination of the diagnostic value of oxidative stress
in chronic thromboembolic disease (CTED) and chronic
thromboembolic pulmonary hypertension (CTEPH) is quite
remarkable in the development of new treatment protocols.

The average MDA level after treatment was found to be
5 in patients whose thrombus persisted, and 3.77 in patients
with resolution. There were significant differences between
groups.

METHODS

This study was designed as a single-center prospective
study in a cohort of patients who applied to the Ministry of
Health, Health Sciences University, Diskap1 Yildirim Beyazit
Health Application and Research Center (SUAM) and were
diagnosed with PTE after the evaluation of the Chest Diseases
Clinic.

This study was approved by the ethics committee
with the decision of the University of Health Sciences,
Digkapr Yildirim Beyazit SUAM Clinical Researches Ethics
Committee dated 16.03.2020 and numbered 84/16 and was
carried out following the ethical principles determined by the
Declaration of Helsinki.

Patients who refused to participate in the study, had
chronic thrombus at the time of diagnosis, had previously
been diagnosed with pulmonary hypertension, had
uncontrolled metabolic disease, were diagnosed with acute
coronary syndrome or acute cerebrovascular disease, had
uncured malignancy, or newly diagnosed cancer, had
rheumatological disease at the time of acute attack, had
interstitial lung disease or chronic obstructive pulmonary
disease, patients under 18 years of age and pregnant women
were not included in the study. When all these requirements
were met, patients who agreed to participate in the study were
included in the study.

The study was carried out between 18.03.2020 and
30.06.2021 and a total of 78 patients were included in the
study. 10 patients who died, 4 patients who were diagnosed
with cancer after the examinations, and 11 patients who
did not come to their follow-ups were excluded from the
study. 9 patients were not included in the study because
under pandemic conditions they wanted to be followed up
in another center close to their residence. According to the
G-Power analysis, we determined the minimum sample size
as 44 patients, and the study was terminated after reaching a
sufficient number of patients.

Study Method

Demographic characteristics such as age and gender,
smoking histories, comorbidities and symptoms at admission,
vital values, imaging tests (chest radiography, CTPA and/

or ventilation-perfusion  scintigraphy), transthoracic
echocardiography (TTE) and compression Doppler
ultrasonography (CDU) results, laboratory values (complete
blood count, biochemical tests, coagulation tests, d-dimer,
pro-BNP, troponin, blood gas values) and medical treatments
of patients diagnosed with PTE between the specified dates
and meeting the inclusion criteria were analyzed through the
in-hospital information management system (HIMS) and the
Ministry of Health E-Nabiz System. In order to determine the
MDA level at the time of diagnosis, 2 tubes of blood samples
were taken from the patients, and they were centrifuged and
stored under appropriate conditions in the Health Sciences
University, Ankara Digkap: Yildirim Beyazit SUAM, Medical
Biochemistry Clinic.

After the 6™ month in the treatment of the patients,
imaging examinations (chest radiography, CTPA and/or V/P
scintigraphy) and TTE, CDU were re-evaluated. MDA level
was checked.

Sample Collection and Analysis Methods

Blood samples taken from the selected patients by
venipuncture method into the tube containing BD Vacutainer
SSTII Advance serum separating gel at the appropriate time
were centrifuged at 1500g for 10 minutes and stored at -20°C
by placing in capped Eppendorf tubes. On the ELISA working
day, the frozen sera were removed from -20°C and allowed
to reach room temperature, then vortexed and studied in
accordance with the kit insert.

It was studied with ELISA washing device (BioTek ELx50)
and ELISA reading device (BioTek Epoch) by using CAYMAN
TBARS (product code:10009055) USA 2021 kits.

Statistical Analysis

Existing studies related to the research topic were
evaluated and based on these, the minimum number of
patients for which statistically significant results could be
obtained was found to be 44 when Alpha 0.05 test power was
calculated as 0.65 for 80% AUCROC MDA null hypothesis
using the “G-Power” program.

Data were analyzed with SPSS version 21.0 (IBM®,
Chicago, USA). The conformity of the variables to the normal
distribution was examined using visual (histogram and
probability graphs) and analytical methods (Shapiro-Wilk
test). Normally distributed numerical variables were analyzed
with the “T test in Independent Groups” between the two
groups, with “ANOVA” between the three groups, and the
numerical variables that did not show normal distribution
were analyzed with the “Mann Whitney U test” between the
two groups and with the “Kruskal Walls” between the three
groups. Intragroup analyzes were evaluated using the “Peer
t test” in those with normal distribution. Nominal data were
evaluated between the two groups using the “Pearson Chi-
square test” or the “Fisher’s Exact test”. The area under the
curve (AUC) in the ROC analysis was evaluated to determine
the factors that were determinative for the prediction of high-
risk PTE, and the data were expressed at a 95% confidence
interval. The correlations of normally distributed numerical
variables were analyzed with the “Pearson correlation test”,
and the numerical variables that did not show normal
distribution were analyzed with the “Spearman correlation
test”. In the statistical analyzes of the study, comparisons
with a p value below 0.05 were considered statistically
significant.
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RESULTS

44 patients were included in the study. The mean age of the
patients was 54.1+14 years. The male and female gender ratios
were equal. At least one acquired risk factor was detected
in 75% of the patients. Immobilization and COVID-19
(22.7%) were the most common risk factors. Demographic
characteristics of the patients are given in Table 1.

Table 1. Demographic characteristics and risk factors distribution of

patients

All Patients
(n=44)

Age Mean+SD 54.1+14
Gender n(%)
Female 22 (50)
Male 22 (50)
Risk Factors n(%) 33 (75)
Immobilization 10 (22.7)
COVID-19 10 (22.7)
Obesity 8 (18.6)
History of venous 7 (15.9)
thromboembolism
Presence of fracture in the 2 (4.5)
lower extremity
Long term travel 2 (4.5)
Major surgical intervention 1(2.3)
Oral contraceptive usage 1(2.3)
Congestive heart failure 1(2.3)

Comorbidity was present in 54.5% of the patients included
in the study. The most common comorbidities were diabetes

mellitus (18.2%) and hypertension (15.9%). The most common
symptoms were Shortness of breath (%79) and chest pain (%28). The
distribution of patients according to symptoms is shown in Table 2.

Table 2. Distribution of patients according to symptoms

Symptoms All Patients <65 Age 265Age p
(n=44)

Dyspnea * n(%) 35(79.5) 26(78.8) 9 (81.8) 0.829
Chest Pain* n(%) 28(63.6) 22(66.7) 6(54.5) 0.469
Leg Pain** n(%) 8(18.2) 8(24.2) 0 0.170
Cough** n(%) 6(13.6) 4(12.1) 2(18.2)  0.630
Palpitation** n(%) 6(13.6) 5(15.2) 1(9.1) 1.000
Hemoptysis **  n(%) 5(11.4) 5(15.2) 0 0.309
Syncope ** n(%) 4(9.1) 4(12.1) 0 0.558
Fatigation ** n(%) 4(9.1) 1(3) 3(27.3) 0.043

*Chi-square test, **Fisher’s exact test

The vital signs of the patients included in the study
according to risk groups are given in Table 3.

The mean MDA level at the time of diagnosis was found to
be 8.88+3.24 in the low and medium risk group of the patients
participating in the study, and 13.06+4.26 in the high-risk
group. There was a significant difference between the groups
(p=0.003). The results are given in Table 4.

The MDA cut-off value was determined as 11.95 with 80%
sensitivity and 62% specificity. MDA levels were found to be predictive
for high-risk PTE (AUC: 0.773, 95% CI 0.592-0.953, p=0.017). The
ROC curve for high-risk PTE prediction is shown in Figure 1.

While a significant negative correlation was observed
between MDA level at the time of diagnosis and saturation a
significant positive correlation was observed with ALT, AST
and respiratory rate.

Table 3. Distribution of vital clinical and laboratory findings of patients by risk groups

Clinical findings All patients (n=44)  High risk
(n=8)

Systolic blood Median (min- 117 89
pressure (mm/Hg) max) (80-185) (80-100)
Diastolic blood Median (min- 70 60
pressure (mm/Hg) max) (50-107) (50-72)
Pulse(beats/min) Median (min- 93 115

max) (68-131) (83-131)
Respiratory rate Median (min- 20 24

max) (14-35) (18-35)
Saturation Median (min- 92 82.5

max) (40-98) (40-95)
Laboratory findings
Ph Median (min- 7.4 7.39

max) (7.18-7.52) (6.73-7.48)
Lactate (mg/dL) Median (min- 1.8 3.5

max) (0.7-17) (1-17)
AST (U/L) Median (min- 20 (10-265) 43 (20-265)

max)
ALT (U/L) Median (min- 19 49.5

max) (6-192) (19-282)
Troponin (ng/mL) Median (min- 0.01 1.21

max) (0-3.07) (0.78-3.07)
ProBNP (pg/ml) Median (min- 329 2017

max) (5.97-10852) (1165-3220)
D-Dimer (ug/mL) Median (min- 4.46 7.06

max) (0.76-25) (4.62-25)

Medium risk Low risk p value
(n=12) (n=24)

110 120 A*
(90-140) (97-185)

66.5 70 A*
(60-80) (58-107)

97 89.5 A*
(78-129) (68-110)

20 18 A
(14-28) (16-24)

90 94 A
(80-95) (83-98)

7.42 7.40 At
(7.29-7.52) (7.33-7.48)

3.15 1.6 A
(0.7-4.6) (0.7-2.6)

20 (10-33) 17 (10-44) A*
16.5 18.5 A*
(6-58) (7-58)

0.36 0.01 A*
(0-0.97) (0-0.29)

977 145.5 A*
(200.6-10852) (5.97-1821)

4.58 2.98 A*
(1.07-25) (0.76-7.54)

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, BNP: Brain natriuretic peptide, A: High risk and low risk, *p<0.05; **p>0.05, Kruskal Wallis test was used.
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Table 4. Distribution of malondialdehyde levels by risk groups

Low+Medium C P
Risk
MDA* Mean+SD 8.88+3.24 13.06+4.26 0.003

MDA: Malondialdehit, *Independent group T test

059

Sensitivity

00F T T T T
08 08

1- Specifity

Figure 1: ROC analysis for prediction of high-risk pulmonary
thromboembolism

A significant decrease was observed in MDA levels after
the treatment of the patients included in the study.

The MDA levels before and after treatment in the patients
included in the study are shown in Table 5.

Table 5. Malondialdehyde levels

MDA level Pre-treatment  Post-treatment p value
All Mean+SD  9.64+3.76 4.74+2.48 <0.001
patients*

<65years* Mean+SD  8.8+3.85 4.2+2.31 <0.001
=65 years® Mean+SD  8.6+3.66 3.6+3.05 <0.001

MDA levels at diagnosis in patients whose thrombus
continued after treatment were found to be higher than the
other group. (p<0.001). MDA levels examined after treatment
were higher in patients with chronic thrombus. (p<0.001).

It was determined that MDA levels measured at the time
of diagnosis were not predictive of chronic thromboembolism
(AUC:0.605, 95% CI 0.424-0.786, P=0.252).

DISCUSSION

Pulmonary thromboembolism is a life-threatening
emergency condition with a high mortality rate despite
effective treatment as a result of occlusion of the pulmonary
arterial bed. Although the widespread use of BTPA and
d-dimer provides some convenience in diagnosis, it makes
the diagnosis difficult due to the variability in the clinical
picture. In addition, most deaths occur in the first hour in
high-risk PTE requiring emergency reperfusion therapy.” For
this reason, early diagnosis and appropriate treatment are
life-saving.

Pulmonary thromboembolism is often considered a
disease of advanced age." In a study, the average age was
found to be 60.2 years."! The mean age of the patients
participating in our study was 54.1 years. The low mean age
is due to the fact that PTE is more mortal in older patients, they
do not continue their follow-up, and they are not included in the
study because their comorbidities contribute to oxidative stress.

There is no certainty that sex difference affects the
incidence of pulmonary thromboembolism. However, the
overall incidence is often thought to be equal for both sexes.'?
In our study, male and female sex ratios were found to be
equal, in line with the literature.

Approximately 75% of patients with pulmonary
thromboembolism had at least one underlying risk factor.”
In our study, 75% of the patients had at least one acquired
risk factor, in line with the literature. The most frequently
reported risk factors in the GARFIELD VTE study were
previous operation, recent hospitalization, and lower
extremity fracture, respectively." The most common risk
factors in our study were COVID-19 and immobilization.
This difference in risk factors is due to the fact that our study
was conducted under pandemic conditions.

The clinical picture in pulmonary thromboembolism is
highly variable. It can take place in a wide spectrum ranging
from an asymptomatic picture to sudden death. In the study
by Ozsu et al.™, in which they evaluated the national data
of PTE, the two most common symptoms were found to be
dyspnea and pleuritic chest pain, respectively. In our study,
the two most common symptoms were dyspnea and chest,
similar to the literature.

It was shown that mortality is higher in PTE patients with
high troponin levels."” In the study conducted by Lankeit
et al.’é, it was stated that the negative predictive value of
the high-sensitivity troponin test being normal is 98% in
determining the poor prognosis. In our study, troponin levels
were found to be significantly lower in the low-risk group in
line with the literature.

It was reported that elevated natriuretic peptides are
associated with early mortality.”” Chen et al.'™® stated that
NT-proBNP is a very sensitive marker in determining right
ventricular dysfunction and mortality, and mortality is
significantly reduced if it is detected in low levels. In our
study, natriuretic peptide levels were found to be significantly
lower in the low-risk group, in line with the literature.

The most toxic one of the compounds formed as a result of
lipid peroxidation are aldehydes. As a result of this reaction,
cytotoxic and mutagenic MDA is formed. It can easily pass
through the cell membrane and react with the structural
components of DNA. The high reactivity of MDA has made
it one of the most frequently used parameters to measure
peroxidation level and oxidative stress. Oxidative stress plays
a role in many diseases, including VTE."

It has been shown that increased oxidative stress in
ischemic cerebrovascular disease causes cellular damage
by uncontrolled increase of inflammatory mediators.?
In the study by Ozkul et al?!, MDA levels were correlated
with clinical outcomes, and an increase in MDA level was
associated with more severe disease clinically. Similarly, in
our study, high-risk PTE cases were shown to have higher
MDA levels compared to other groups, which we think is of
vital importance in the early diagnosis of the patient group to
be given reperfusion therapy.

In the study by Aykal et al.??, it was stated that the
oxidative balance shifted towards the oxidant side in VTE
patients. In a study evaluating MDA in PTE, it was shown
that there was a significant increase in MDA level compared
to the control group.” In the study of Halic1 et al.*, it was
shown that MDA was higher in acute PTE patients compared
to the control group, and it still remained high after one
month of treatment. In our study, it was shown that the
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MDA level in patients with chronic thrombus is high at the
time of diagnosis, as well as remained elevated at the end of
treatment. As a result of these results, we think that it can be a
guide for the evaluation of antioxidant treatments in patients
with ongoing thrombus burden.

Pulmonary arterial hypertension (PAH) is a disease of
unknown etiology. It has been shown that an increase in ROS
levels reduces the bioavailability of nitric oxide, leading to
the development of PAH. In the study of Reis et al.?, it was
shown that the increase in MDA level in PAH patients plays
a vital role in the progression of pulmonary hypertension.
In the study of Smukowska et al.?, it was shown that
MDA levels increase in CTEPH. All these results show that
oxidative stress plays an important role in the remodeling of
the precapillary pulmonary arteries.

Acute PTE is mostly considered to be a reversible disease,
and patients are considered to be completely cured with
appropriate anticoagulant therapy. However, in the study of
Morris¥, it was reported that more than half of the patients
had residual perfusion defects in their control visits 6 months
after acute PTE.In our study, it was determined that thrombus
persisted in 36.4% of the patients after 6 months of treatment.
Since right heart catheterization was not performed in
these patients, they could not be evaluated in terms of PH.
However, considering that the presence of chronic thrombus
is a risk factor for the development of CTEPH, we think that
close follow-up is important in patients with continuing
MDA elevation.

CONCLUSION

It has been shown that oxidative stress is higher in high-
risk PTE compared to other risk groups. MDA can be used
as a reliable biomarker in this patient group to avoid delay
in treatment. In cases where resolution cannot be achieved
completely in acute PTE, the continuation of oxidative
stress is an important condition in the remodeling of the
precapillary pulmonary artery.

In addition, no other long-term study evaluating the
oxidative stress in acute PTE could be seen in the literature.
For this reason, we think that our study will shed light on
more comprehensive studies.
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