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ABS TRACT Objective: The frequency and clinical implications of 
mutations causing hereditary thrombophilia are unclear. We aimed to 
investigate the frequency and clinical implications of gene mutations 
causing hereditary thrombophilia in patients with pulmonary embolism. 
Materials and Methods: The study included patients with pulmonary 
embolism who were investigated for hereditary thrombophilia. Data 
were collected retrospectively. Results: 107 (3.2%) of 3,340 patients 
with pulmonary embolism were found to have hereditary throm-
bophilia. Of the patients, 54 (50.5%) were female and 53 (49.5%) were 
male. MTHFR 677 was found in 37 (19.8%), factor V Leiden in 34 
(18.2%), MTHFR1298 in 31 (16.6%), prothrombin 20210 in 13 (7.0%), 
AFAS in 12 (6.4%), AT III deficiency was present in 4 (2.1%), protein 
C resistance in 1 (0.5%), protein C deficiency in 1 (0.5%), and protein 
S deficiency in 1 (0.5%). The most common mutation was MTHFR 
677 (22-33%) in women and factor V Leiden (22-32%) in men. 
MTHFR 677 was the most frequently observed mutation regardless of 
gender. The coexistence of pulmonary embolism and deep vein throm-
bosis (DVT) (34%), presence of acute DVT (31.3%), concomitant ar-
terial thrombosis (30.6%), and recurrence of pulmonary embolism 
(25.6%) were higher in factor V Leiden deficiency than in other muta-
tions. The highest heterozygosity rate was found in factor V Leiden. 
Conclusion: In our study, hereditary thrombophilia was detected in 
3.2% of the pulmonary embolism patient population. The most common 
genetic mutations in our region are MTHFR 677 and factor V Leiden.  
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ÖZET Amaç: Herediter trombofiliye nedeni mutasyonların sıklığı ve 
klinik yansımaları net değildir. Pulmoner embolili hastalarda herediter 
trombofiliye neden olan gen mutasyonlarının sıklığı ve klinik yansıma-
larının araştırılması amaçlanmıştır. Gereç ve Yöntemler: Çalışmaya, 
herediter trombofili araştırılan pulmoner embolili hastalar dâhil edildi. 
Veriler retrospektif toplandı. Bulgular: 3.340 pulmoner embolili hasta-
sının 107’sinde (%3,2) herediter trombofili saptandı. Hastaların 54’ü 
(%50,5) kadın, 53’ü (%49,5) erkekti. Hastaların 37’sinde (%19,8) 
MTHFR 677, 34’ünde (%18,2) faktör V Leiden, 31’inde (%16,6) 
MTHFR1298, 13’ünde (%7,0) protrombin 20210, 12’sinde (%6,4) 
AFAS, 4’ünde (%2,1) AT III eksikliği, 1’inde (%0,5) protein C rezis-
tansı, 1’inde (%0,5) protein C eksikliği, 1’inde (%0,5) protein S eksik-
liği mevcuttu. Kadınlarda en sık gözlenen mutasyon MTHFR 677 
(%22-33), erkeklerde faktör V Leiden (%22-32) idi. MTHFR 677 cin-
siyet ayrımı yapılmaksızın en sık gözlenen mutasyondu. Faktör V Lei-
den eksikliğinde, pulmoner emboli ve derin ven trombozu (DVT) 
birlikteliğinin (%34), akut DVT varlığının (%31,3), eşlik eden arteriyel 
trombozun (%30,6), pulmoner emboli nüksünün (%25,6) diğer mutas-
yonlardan daha yüksek olduğu gözlendi. En yüksek heterozigotluk oranı 
faktör V Leiden’de bulundu. Sonuç: Çalışmamız ile pulmoner emboli 
hasta popülasyonununda herediter trombofili %3,2 oranında saptanmış-
tır. Bölgemizde en sık rastlanan genetik mutasyonlar MTHFR 677 ve 
faktör V Leiden’dir.  
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Venous thromboembolism (VTE) is a common 
vascular disease. It results in 2 main clinical signs: 
deep vein thrombosis (DVT) and pulmonary em-
bolism (PE). PE is one of the most common chest 
diseases emergencies, and patients are often pre-
sented with an accompanying risk factor.1 Hyperco-
agulability is one of the major mechanisms in 
the etiology of VTE, which is an important cause of 
mortality and morbidity. Hypercoagulability is an 
increase in the clotting tendency of the blood and is 
called thrombophilia. Thrombophilia can be hered-
itary or acquired. When an acquired factor causing 
VTE cannot be found, the presence of an underlying 
hereditary thrombophilia must be investigated. The 
importance of the presence of hereditary throm-
bophilia is that VTE occurs at a younger age than 
the general population and has a repetitive charac-
teristic. There is a high probability of a mutation 
related to coagulation factors in patients diagnosed 
with VTE who also have a family history of VTE 
and who have no acquired risk factors have been 
detected and this should be investigated.2,3 Al-
though there is no clear data about the prevalence of 
hereditary thrombophilia, it is thought to be respon-
sible for approximately 25-50% of VTE cases. The 
most common hereditary mutations in the population 
are factor V Leiden and prothrombin G20210A gene 
mutations which carry a high risk for VTE. In stud-
ies conducted in our country, factor V Leiden muta-
tion was found to be the most common mutation with 
a rate of 2-12% in healthy patients and 5-35% in pa-
tients with VTE.3 Although the exact frequency 
of prothrombin G20210A gene mutation is unknown, 
it is reported as 3% in the whole population and ap-
proximately 6% in patients with VTE.4 Apart from 
these mutations, there are many types of throm-
bophilia such as protein C, protein S, antithrombin III 
deficiency, hyperhomocysteinemia, plasminogen de-
ficiency and factor XII deficiency.5,6 The frequency 
and clinical reflections of these mutations, which can 
be seen in every period of life and cause life-threat-
ening clinical problems, are not clear. A limited num-
ber of studies on this subject in our country have been 
conducted by examining a limited number of patient 
data and the existing data are not sufficient. Consid-
ering the necessity of lifetime use of anticoagulants, 

especially in some individuals with these mutations, 
it is seen that the need for more experience and liter-
ature knowledge is obvious.  

In our study, by reviewing our 10-year patient 
data, it was aimed to contribute to the literature and 
our daily practice in an area with a lack of clear in-
formation by investigating the frequency of gene mu-
tations causing hereditary thrombophilia, and 
whether there is a difference in the presence of mu-
tations, clinical course of VTE, thrombus load, 
and the anatomically located regions.  

 MATERIAL AND METHODS 
The study was initiated after the approval of the Uni-
versity’s Clinical Research Ethics Committee with 
protocol number 2021/70, and date March 5, 2021. 
Patients who were diagnosed with PE in our chest 
diseases clinic between January 2010-December 
2020 but were investigated for hereditary throm-
bophilia because no significant risk factor could be 
detected were included in the study. The study was 
prepared in accordance with the Helsinki Declaration. 
All authors reviewed and approved the article. Pa-
tient data were collected retrospectively using file 
records and hospital automation system (clinical 
course, radiological imaging, laboratory records, 
etc.). Demographic characteristics, clinical features, 
pregnancy and abortion history of the patient, the type 
of mutation detected, presence of family history, local-
ization of VTE were recorded from the files of the pa-
tients with hereditary  thrombophilia.  

PE patients under 18 years of age and with sig-
nificant acquired thrombophilia were not included in 
the study. 

STATISTICAL ANALYSIS 
In the analysis of the data, Shapiro-Wilk and Kol-
mogorov Smirnov tests were used to examine the 
suitability of the data for normal distribution. 
Kruskall-Wallis, Mann-Whitney U, student-t and chi-
square tests were used for intergroup comparisons. 
General linner modelling; Wilcowon and Friedman 
tests were used in serial follow-up data. The data 
were expressed as percentage, mean (std deviation) 
and median (minimum-maximum). Chi-square test 
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was used to compare qualitative data. Categorical 
data were presented as frequency and percentage. 

 RESULTS 
Between the specified dates, 3,340 patients were di-
agnosed with PE. Hereditary thrombophilia was in-
vestigated in 187 of these patients. While 107 
(57.2%) of the patients had hereditary thrombophilia, 
80 (42.8%) did not. The rate of thrombophilia among 
all patients with PE was 3.2%. 54 (50.5%) of the pa-
tients with thrombophilia were female and 53 
(49.5%) were male. The mean age was 39.74±12.9 
years in females and 43.74±13.8 years in males. 
There was no statistically significant difference be-
tween the 2 groups in terms of mean age (p=0.126). 
Demographic and clinical characteristics of the pa-
tients are shown in Table 1. Of the 107 patients, 37 
(19.8%) had MTHFR 677, 34 (18.2%) had factor V 
Leiden, 31 (16.6%) had MTHFR 1298, 13 (7.0%) 
had prothrombin 20210, 12 (6.4%) had AFAS, 4 
(2.1%) had AT III deficiency, 1 (0.5%) had protein C 
resistance, 1 (0.5%) had protein C deficiency, and 1 
(0.5%) had protein S deficiency. Some patients had 
more than one mutation. The general distribution of 
mutations is shown in Figure 1, and the mutation dis-
tributions in both genders are shown in Figure 2. 

The most common mutation observed in females 
was MTHFR 677 (22-33%), while it was factor V 

Leiden (22-32%) in males. In females, MTHFR 
1298  (15-23%) mutation in the second and factor V 
Leiden (12-18%) mutation in the third frequency 
were observed. In males, MTHFR 1298 (16-24%) 
and MTHFR 677 (15-22%) mutations were observed 
in the second and third frequencies, respectively. 
MTHFR 677 was the most common mutation without 
gender discrimination. 

When the distribution according to age was ex-
amined, it was determined that 49% of the muta-
tions detected were between the ages of 18-40, 44% 
of them were between 41-60 age group. 7% of them 
were observed in the group over the age of 61  
(Figure 3). In Figure 4, the distribution table of all 
mutations by age is given. Accordingly, all other mu-
tations except the factor V Leiden mutation were 
found to be higher in the 18-40 age group, while the 
factor V Leiden mutation was found to be higher be-
tween 41-60 age group (55.9%).  

The vast majority of detected gene mutations 
were heterozygous. The highest rate of heterozy-
gosity was found in the factor V Leiden mutation. 
The highest homozygosity rate in all mutations was 
in the MTHFR 1298 mutation with a rate of 29% 
(n=9). Homozygosity rates of other mutations are 
given in Figure 5.  

In patients with mutations, the PE+DVT coex-
istence (n=37) was 34.9%, the presence of acute DVT 
(n= 46) was 44.2%, the presence of chronic DVT 
(n=12) was 11.5%, the presence of proximal DVT 
(n=33) was 38.4%, the presence of distal DVT (n=16) 
was 18.6%, the presence of arterial thrombosis (n=5) 
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n (%) 
Gender  

Female 54 (50.5%) 
Male 53 (49.5%) 

The average age  
Female 39.74±12.9 
Male 43.74±13.8 

Symptoms  
Dyspnea 61 (57.0%) 
Chest pain 56 (52.3%) 
Hemoptysis 12 (11.2%) 
Syncope/presyncope 13 (12.1%) 
Cough 11 (10.3%) 
Palpitation 7 (6.5%) 
Abortion story 8 (14.8%) 
Family history 11 (10.3%) 

TABLE 1:  Demographic and clinical characteristics of patients 
with mutations.

FIGURE 1: General distribution rates of mutations. 
FV Leiden: Factor V Leiden; AT 3: Antithrombin 3; AFAS: Antiphospholipid 
syndrome. 

37 (19.8%)MTHFR 677

FV Leiden

MTHFR 1298

Prothrombin 20210

AFAS

AT-3 Deficiency

Protein S Deficiency

Protein C Resistance

Protein C Deficiency

34 (18.2%)

31 (16.6%)

13 (7%)

12 (6.4%)

4 (2.1%)

1 (0.5%)

1 (0.5%)

1 (0.5%)
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was 4.7%, the PE or DVT recurrence (n=30) was 
28.6% and the development of CTEPH (n=3) was 

2.8%. When the mutations were compared among 
themselves, it was observed that in factor V Leiden 
deficiency, the association of PE and DVT (34%), the 
presence of acute DVT (31.3%), concomitant arterial 
thrombosis (30.6%) and PE recurrence (25.6%) de-
veloped at higher rates than other mutations (Figure 
6). The percentages of thrombotic events according to 
the homo or heterozygosity rates of the mutations are 
given in Figure 7. 

When the thrombus load was examined ac-
cording to the mutations, the highest rate of bilat-
eral PE was observed in MTHFR677 with 58.8%, 
while the highest mutation rate in the main pul-
monary arteries was found in patients with the pro-
thrombin 20210 mutation with 44.4%. Comparison 
of other thrombus locations and parenchymal find-
ings is given in Table 2. 

 DISCUSSION  
Although genetic risk factors vary according to the 
population selected among PTE risk factors, they 
constitute 10-50%. The incidence of hereditary 
thrombophilia in patients with PTE in different re-
gions of our country is 7.9-8.6%.7-9 In our study, 3.2% 
of 3,340 patients diagnosed with acute PTE in the 
Eastern Black Sea region had hereditary throm-
bophilia disorder within 10 years. When the literature 
is examined, factor V Leiden mutation and 
G20210A prothrombin mutation (PTM) are the most 
common genetic causes of thrombophilia.10-12 Factor 

FIGURE 2: Distribution of mutations in both genders. 
FV Leiden: Factor V Leiden. 

FIGURE 3: Distribution of patients with mutations by age.

FIGURE 4: Distribution of mutations by age. 
FV Leiden: Factor V Leiden. 
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V Leiden and PTM gene mutations account for 50-
60% of hereditary hypercoagulability. Defects in pro-
tein S, protein C, and antithrombin (previously 
known as antithrombin III) are responsible for most 
of the remaining cases.  

While the factor V Leiden mutation is found to 
be 2-5% in the general healthy population, it is found 
to be 12-18% in VTE patients, and the prothrom-
bin G20210A mutation is found to be 2% in the gen-
eral population, while it is found in 5-8% of VTE 
patients.10 Our aim in presenting these data is to re-
veal the hereditary thrombophilia profile in PTE pa-

FIGURE 5: Homozygous-heterozygous ratios of mutations. 
FV Leiden: Factor V Leiden. 

FIGURE 6: Distribution percentages of thrombotic events by mutations. 
PE: Pulmonary embolism; DVT: Deep vein thrombosis; FV Leiden: Factor V Leiden. 

FIGURE 7: Percentage of thrombotic events according to homo-heterozygosity ratios of mutations. 
DVT: Deep vein thrombosis. 
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tients who are referred from the surrounding 
provinces or applied directly to our institution, which 
is a tertiary reference hospital in the Eastern Black 
Sea part of the Turkish gene pool. In our study, 3,340 
patients were diagnosed with PTE during the retro-
spective 10-year period, and hereditary thrombophil-
iawas investigated in 187 (5.5%) of these patients 
according to risk factors. The patient group recom-
mended to screen for thrombophilia as a risk factor in 
a patient with PE is still under discussion. Essen-
tially, thrombophilia research should be performed if 
the test result will change the treatment plan. In ad-
dition, testing is not recommended in people with 
major temporary risk factors such as major surgery 
and trauma.13 Considering that it may be a risk factor 
in our study, positive test results was obtained in 
57.2% (107 patients) of the group whose throm-
bophilia panel was studied. In our study, the most 
common genetic mutations were found to be MTHFR 
677 in 37 (19.8%) of 107 patients, factor V Leiden in 
34 (18.2%), and MTHFR1298 in 31 (16.6%). In a 
study by Ridker et al., in which the distribution of 
factor V Leiden in patients with VTE was examined 
by ethnicity, the incidence of the said mutation was 
found to be similar in Caucasian men and women 
(5.53% vs. 4.85%, p=0.5).14 Mitrus et al., on the other 
hand, found that congenital thrombophilia associated 
with the G1691A mutation of the factor V Leiden 
gene is more common in males than females.15 In 
their study, Nefic et al. found that there was no sta-
tistically significant difference between men and 

women in terms of MTHFR 677 and MTHFR 1,298 
carriers.16 In our study, the most common mutation 
was MTHFR 677 (22-33%) in women and factor V 
Leiden (22-32%) in men.  

In hereditary thrombophilia, genetic predisposi-
tion to thromboembolic events usually begins at a 
young age and tends to recur. People have their first 
attacks spontaneously and at an early age by 70%. In 
the other 30% of the cases, there was a risk factor 
such as trauma, pregnancy, use of oral contraceptives, 
and previous surgery. The average age of throm-
boembolic events in individuals with a family history 
of thrombophilia is 30, and this age limit is 45 in the 
other population.17 In our study, hereditary mutations 
were most common between the ages of 18-40 (49%), 
and this rate was only 7% over 61 years of age. 

Although the most common mutation is 
MTHFR 677 and factor V Leiden mutations, MTHFR 
gene mutations are not a defined risk factor for VTE 
in the light of previous data as they are also high in 
the healthy population.18-21 Similar to our study, a 
high rate of MTHFR mutation of 45.1% was detected 
in other data for Türkiye, while factor V Leiden, one 
of the strong risk factors, was 46.5% and PT gene 
mutation was 13.2%.22  

On the other hand, in our study, in factor V Lei-
den deficiency, PE and DVT coexistence (34%), the 
presence of acute DVT (31.3%), concomitant arterial 
thrombosis (30.6%) and PE recurrence (25.6%) were 
observed to be higher than other mutations. In a 

Radiological findings MTHFR1298 MTHFR677 Factor V Leiden Prothrombin 20210 
Bilateral PE 15 (55.6%) 20 (58.8%) 12 (40.0%) 5 (41.7%) 
Thrombus in main PA 4 (17.4%) 6 (21.4%) 10 (41.7%) 4 (44.4%) 
Thrombus in lober PA 15 (65.2%) 21 (75.0%) 15 (62.5%) 7 (77.8%) 
Thrombus in segmentary PA 17 (73.9%) 18 (64.3%) 20 (83.3%) 9 (100%) 
Thrombus in subsegmentary PA 9 (39.1%) 10 (35.7%) 10 (41.7%) 4 (44.4%) 
Parenchymal infarct 0 (0.0%) 0 (0.0%) 2 (5.9%) 0 (0.0%) 
Mosaic perfusion 1 (3.2%) 3 (8.1%) 0 (0.0%) 0 (0.0%) 
Pleural effusion 5 (16.1%) 3 (8.1%) 5 (14.7%) 1 (7.7%) 
Consolidation 0 (0.0%) 0 (0.0%) 3 (8.8%) 1 (7.7%) 
Graund glass 1 (3.2%) 2 (5.4%) 1 (2.9%) 1 (7.7%) 
Atelectasis 6 (19.4%) 7 (18.9%) 11 (32.4%) 3 (23.1%) 

TABLE 2:  Thrombus burden and radiological findings by mutations.

PE: Pulmonary embolism; PA: Pulmonary artery.
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study conducted on DVT and PE patients, Mar-
tinelli et al. reported that isolated PE development 
was less in patients with factor V Leiden.10 This result 
of our study supports the hypothesis that if PE is de-
tected in patients with factor V mutation, it may be 
associated with DVT to a large extent. 

The severity of thrombophilia also affects the risk 
of VTE. For example, while a single heterozygous mu-
tation is considered mild, homozygous mutations or 
multiple heterozygous mutations are considered as se-
vere thrombophilia.23 The vast majority of gene muta-
tions detected in our study were heterozygous. The 
highest homozygosity rate in all mutations was in the 
MTHFR 1298 mutation with a rate of 29%.10 In our pa-
tients the highest rate of heterozygosity was found in 
the factor V Leiden mutation (88%). 

Although there are studies on lower extremity 
veins in the literature, no study has been found in 
which the thrombus load in the pulmonary arteries 
according to mutations or the radiological lung 
parchyma findings due to PE have been com-
pared.24,25 In this respect, we believe that the data of 
our study is valuable. 

The strengths of our study are that our data cov-
ers a long period of 10 years and that a large patient 
population such as 3,340 was screened. However, we 
think that the limitations of this study are that it is a 
retrospective study and the number of patients with 
thrombophilia is relatively low. 

 CONCLUSION 
In conclusion, in this study, hereditary throm-
bophilia was identified as a risk factor in a large PE 

patient population in 3.2% of all patients, and in 
57.2% of cases that are thought to be hereditary 
(young age, no significant risk factor, recurrent VTE, 
atypically located VTE, family history, unexplained 
miscarriages, etc.). The most common genetic muta-
tions in the Eastern Black Sea region are MTHFR 
677 and factor V Leiden mutations. Although there 
are previous similar descriptive studies, our study 
provides valuable regional data including a large pool 
of patients and contributes to the literature. 
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