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Analysis of prothrombotic mutations and polymorphisms in
children who developed thrombosis in the perioperative
period of congenital cardiac surgery
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Abstract In this study, we investigated some of the prothrombothic mutations and polymorphisms in 15 chil-
dren with congenital cardiac malformations who developed severe thrombosis in the perioperative period fol-
lowing surgical repair. The mutations and polymorphisms included in the study were Factor V Leiden,
prothrombin G20210A, methylentetrahydrofolate reductase C677T, endothelial nitric oxide synthase intron 4
VNTR, alpha-fibrinogen Thr312Ala, Factor XIII Val34Leu, and insertion or deletion of angiotensin 1 con-
verting enzyme. Compared to the healthy Turkish subjects, our patients had a similar rate of mutation of Factor
V Leiden, Factor XIII Val34Leu, and endothelial nitric oxide synthase a/b polymorphisms, but higher fre-
quency of the prothrombotic angiotensin 1 converting enzyme deletion/deletion genotype, and lower frequency
of the antithrombotic alpha fibrinogen Thr/Thr genotype. None of the patients exhibited mutations involving
prothrombin G20210A or methylentetrahydrofolate reductase C677T. The results of our study suggest that, in
addition to prothrombotic mutations such as Factor V Leiden, single-nucleotide polymorphisms should be con-
sidered in all children with congenital cardiac malformations who develop thrombosis.

Malformations of the heart are the most common of all serious lesions that are present at birth, with
an incidence of 4 to 8 cases per 1,000 live births.! If needed, corrective surgery is usually the optimal treatment
for these anomalies, but perioperative morbidity and mortality still remain high due to several factors. Arterial
or venous thrombosis, or both varieties of thrombosis, is among these factors. Prior to surgery, the most fre-
quent time at which these children develop thrombosis is during cardiac catheterization. Postoperative throm-
bosis in this group of patients is a more complex disorder, which can affect both small and large vessels, and is
associated with a high morbidity and mortality.

Recent studies indicate that both point mutations and single-nucleotide polymorphisms of genes that encode
proteins involved in the coagulative and anticoagulative cascades are important risk factors for development of
thrombosis. Patients with these risk factors are most likely to develop thrombosis when triggering elements, such
as placement of catheters, prolonged immobilization, or surgery, are also present. In this study, we investigated
some of the above-mentioned mutations and polymorphisms in children who developed thrombosis in the peri-
operative period after correction of congenital cardiac malformations.
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acid position 506 of Factor V protein,which is the
site that is recognized by activated protein C.

Prothrombin G20210A: Substitution of guanine
with adenine at nucleotide 20210 in the untrans-
lated region of the prothrombin gene, which causes
prolonged survival of prothrombin messenger-
ribonucleic acid, resulting in elevated levels of pro-
thrombin in the plasma.

Methylentetrabydrofolate reductase C677T: Substi-
tution of cytosine with thymine at nucleotide 677 in
the methylentetrahydrofolate reductase gene, con-
verting an alanine to a valine residue, and being
responsible for the synthesis of a thermolabile form
of methylentetrahydrofolate reductase enzyme.

Endothelial nitric oxide synthase intron 4 VNTR alleles
a and b: Number of 27 base pair tandem repeats at
the variable region of the 4th intron in the endothe-
lial nitric oxide synthase gene. The wild-type product,
the “b” allele, contained 420 base pairs, while the “a”
allele contained 393 base pairs.

Alpha-fibrinogen Thr312Ala: A common poly-
morphism leading to a substitution of threonine with
alanine at codon 312. It occurs within the carboxy-
terminal end of the fibrinogen alpha chain, which
is an important region for processes dependent on
Factor XIII.

Factor XIII Val34Len: Substitution of guanine with
thymine at exon 2 of the gene for Factor XIII, which
results in the replacement of leucine for valine at amino
acid position 34 of the Factor XIII protein, this being a
region close to the site of activation of thrombin.

Angiotensin 1 converting enzyme insertion/deletion: A
polymorphism leading either to insertion or deletion
of a 300 base pair deoxyribonucleic acid portion in
intron 16 of the gene. Deletion is linked to high lev-
els of angiotensin 1 converting enzyme.

Patients and methods

Patients: We studied 15 children, 10 females and 5
males, with a median age of 3.5 years, who developed
thrombosis in the perioperative period of surgery for
congenital cardiac defects between July 2000 and
March 2002. When thrombosis was suspected because
of clinical signs and symptoms, further evaluation
was performed by using Doppler ultrasonography,
magnetic resonance imaging, or magnetic resonance
angiography. For each case, we recorded the site of
thrombosis, the outcome of thrombotic process, and
the overall outcome. Catheterization was performed
with bolus infusion of heparin at 50 units per kilo-
gram. Patients who developed transient thrombosis
after catheterization, and who were successfully
treated with infusions of heparin or streptokinase,
were not included in the study. None of the patients
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received anticoagulative treatment before surgery.
Patients who had undergone surgical treatment
were given 300 units per kilogram heparin before
cardiopulmonary bypass. If the patient was under 1
year of age, the dose of heparin was increased to 400
units per kilogram. Baseline activated clotting time
was recorded before giving the bolus of heparin.
During cardiopulmonary bypass, activated clotting
time was adjusted to 480 seconds, within a range
between 460 and 500 seconds. After cardiopulmonary
bypass, from 1.6 to 1.7 milligrams of protamine sul-
phate was given in order to neutralize each 1 unit of
heparin. If the baseline activated clotting time was
not achieved, additional doses of protamine were
given. After construction of palliative shunts, between
10 and 20 units of heparin per kilogram heparin was
given for between 48 and 72 hours after obtaining
serous drainage. All the patients who had undergone
construction of either a shunt or the Fontan circula-
tion received 5 milligrams of salicilate per kilogram
for 3 months after the operation.

The mutations and polymorphisms of the pro-
thrombotic genes studied were Factor V Leiden,
prothrombin G20210A, methylentetrahydrofolate
reductase C677T, endothelial nitric oxide synthase
intron 4 VNTR, alpha-fibrinogen Thr312Ala, Factor
XIII Val34Leu, and angiotensin 1 converting enzyme
insertion/deletion (see Brief Glossary for explanation
of the genes).

Protocol: Families gave signed consent for their
child to be involved in the study. We collected a
sample of 5 milliliters of peripheral blood in ethyl-
enediaminetetraacetic acid from each patient for iso-
lation of genomic deoxyribonucleic acid. Analysis of
mutations and polymorphisms was carried out as
described previously.?”” In order to compare the fre-
quencies of genotype with those in the healthy pop-
ulation, we also determined the distribution of the
endothelial nitric oxide synthase intron 4 VN'TR a/b
genotype, the alpha-fibrinogen Ala/Thr genotype,
and the Factor XIII Val/Leu genotype in healthy
Turkish subjects who had no history of thrombosis.
For this purpose, we included 167 subjects for eval-
uation of endothelial nitric oxide synthase, 119 sub-
jects for alpha-fibrinogen, and 112 subjects for
Factor XIII. For comparison of the Factor V Leiden,
prothrombin G20210A, methylenetetrahydrofolate
reductase C677T, and angiotensin 1 converting
enzyme genotypes, we compared the results in our
group of patients with results extant in the literature
for healthy Turkish people.>3™1° The control groups
were all unmatched.

Statistical analysis was performed by MINITAB
13.0 statistics packet program (Minitab Inc.,
Philadelphia, USA).
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Results

During the period of study, we performed in our hos-
pital 819 cardiac catheterization, and 674 surgical
procedures for congenital cardiac malformations. Weak
or impalpable pulses were found in 104 patients
(12.8%) after cardiac catheterization. All these chil-
dren were treated with heparin, albeit that infusion
of streptokinase was also needed in 43 of them.
Severe thrombosis developed in 15 of these patients.
We determined the clinical characteristics of throm-
bosis, and analysed the mutations and polymor-
phisms, in all these patients (Table 1). Of the
malformations, 7 produced an acyanotic picture,
while 8 produced more complex cyanotic disease.
Thrombosis had occurred preoperatively in 6 of the
children, but was found only postoperatively in the
other 9 cases. Two of the children had Down’s syn-
drome. The right femoral artery was the most com-
mon site of thrombosis, being found in 4 children,
all developing after preoperative catheterization
(cases #1—#4, Table 1). Pulmonary thrombo-
embolism occurred in 2 patients, and 2 others devel-
oped purpura fulminans. An intracardiac thrombus
was identified in one patient with complex con-
genital cardiac disease, while 2 patients developed
thrombosis at anastomotic sites, one at the site of a
Blalock—Taussig shunt, and the other involving a
bidirectional cava-pulmonary anastomosis. Of the
15 patients, 6 died in the postoperative period, with
causes of death given in Table 1.

Molecular analysis revealed that only 1 patient
was heterozygous for mutation of Factor V Leiden.
None of the patients exhibited mutations of pro-
thrombin G20210A or methylentetrahydrofolate
reductase C677T. When analyzing the genotypes
for endothelial nitric oxide synthase intron 4 VNTR,
1 patient was a/a, 3 were a/b, and 11 were b/b.
Corresponding analysis for alpha-fibrinogen revealed
2 patients with the Ala/Ala genotype, 11 with
Ala/Thr, and 2 with Thr/Thr, while for Factor XIII,
10 patients had the Val/Val genotype, 4 were discov-
ered with Val/Leu, and 1 with Leu/Leu. The results
for insertion or deletion of angiotensin 1 converting
enzyme were 10 patients with the deletion/deletion
genotype, 4 with insertion/deletion, and 1 with
insertion/insertion. Table 2 shows a comparison of
the findings concerning mutations and polymor-
phisms when comparing our patients with healthy
Turkish subjects. Mutations of Factor V Leiden, and
rates of polymorphism for Factor XIII Val34Leu and
endothelial nitric oxide synthase intron 4 VNTR,
were similar with the normal population. The deletion/
deletion genotype for prothrombotic angiotensin 1
converting enzyme, however, was significantly
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higher, and the frequency of the Thr/Thr genotype
for antithrombotic alpha fibrinogen was signifi-
cantly lower, than in the normal Turkish population
(p value is less than 0.05 for both).

Discussion

Most studies of genetic mutations and polymorphisms
associated with venous thrombosis have focused on
genes that encode proteins in either the coagulative
or the anticoagulative pathways. In our study, we
investigated the effects of some point mutations and
genetic polymorphisms on the risk for thrombosis in
children who developed this complication in the
perioperative period of congenital cardiac surgery.

A recent study conducted in Turkey revealed a
very high percentage of heterozygosity for mutation
of Factor V Leiden, this being found in one-quarter
of patients with congenital cardiac malformations
who developed thrombosis.!! This rate is much
higher than in the normal Turkish population, with
less than one-tenth showing this feature.® In our
cohort of children, however, the rate of heterozygos-
ity for Factor V Leiden mutation was comparable to
the normal population, and none of the children
exhibited mutations of prothrombin G20210A or
methylentetrahydrofolate reductase C677T. Compared
to the groups of normal healthy Turkish subjects we
studied, our children had similar rates of polymor-
phisms for Factor XIII Val34Leu and endothelial
nitric oxide synthase intron 4 VNTR. We observed,
however, significantly higher frequency of the dele-
tion/deletion genotype for prothrombotic angiotensin
1 converting enzyme, and a lower frequency of the
Thr/Thr genotype for our children with thrombosis
when compared to normal healthy Turkish subjects.
These genotypes are known to be associated with
increased risk of thrombosis.®!?

Endothelial production of nitric oxide is regu-
lated by the enzyme endothelial nitric oxide syn-
thase intron 4 VN'TR." The a/b polymorphism is
one of three novel polymorphisms of this gene that
have recently been documented. These single-
nucleotide polymorphisms are known to alter the
activity of the enzyme, and hence reduce the produc-
tion of nitric oxide. In one study, comparison of find-
ings in cultured human umbilical vein endothelial
cells between subjects having the a/b and b/b geno-
types revealed significantly lower mean levels of
both the protein and its activity in the group with
the a/b genotype.'* There is evidence that these
lower levels may lead to increased aggregation of
platelets and thrombosis. A recent report noted a
strong association between myocardial infarction
and allele a of intron 4 VN'TR.'® In our investigation,
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Table 2. The distributions of the mutations and polymorphisms
in our patients compared with healthy Turkish subjects.

Healthy
Mutation/ Turkish
polymorphism Genotype  Patients  subjects
Factor V Leiden G1691A 6.7%" 7.2%"!
Prothrombin G20210A 0" 2.3%"?
Methylentetrahydrofolate ~ C677T 0" 28.8"
reductase
Endothelial nitric ala 7.7% 2.4%"
oxide synthase
a/b 23% 29.3%"
b/b 69.3%  68.3%"
Alpha-fibrinogen Thr/Thr® 13.3% 32.6%"

Ala/Thr 73.4% 59%"*

Ala/Ala 13.3% 8.4%*
Factor XIII Val/Val 61.5% 71.5%"
Val/Leu 30.8% 27.6%"
Leu/Leu 7.7% 0.9%"
Angiotensin 1 converting  Deletion/ 66.6% 37.4%°
enzyme Deletion®
Insertion/ 26.7% 47.29%°
Deletion
Insertion/ 6.7% 15.4%°
Insertion

8 value is less than 0.05
*Percentage of heterozygous cases
Reference 8

"Reference 9

SReference 3

“Percentages from our analyses
SReference 10

though statistically insignificant, the frequency of
the a/a genotype is twice as high in our patients than
in the healthy Turkish population we investigated.
The number of patients in our cohort was inadequate
to draw a conclusion.

Polymorphism of alpha-fibrinogen Thr312Ala
occurs in a region of the gene that is important for
Factor XIIla-dependent crosslinking of fibrinogen.
Research has shown that presence of the Ala allele is
associated with formation of more stable fibrin clots.
Thus, individuals with this allele might be at
increased risk for thromboembolic events than those
who carry only the Thr allele.® We found a signifi-
cantly lower frequency of the Thr/Thr genotype that
prevents thrombosis in our cohort of patients than
in the healthy Turkish population we investigated.
Specifically, 13 of our 15 patients were either homo-
zygous or heterozygous for the Ala allele, possibly
indicating an increased susceptibility to thromboem-
bolic events.

Genetic alterations involving the renin-angiotensin
system have been reported to play roles in myocar-
dial infarction and hypertension.'® There is also
recent evidence to suggest that disruption of this
system is strongly linked with venous thrombosis.'?
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Angiotensin-converting enzyme cleaves the carboxy
terminal of angiotensin, and degrades the vasodila-
tor bradykinin. Recent studies have demonstrated
that the deletion allele is associated with higher levels
of angiotensin 1 converting enzyme, and an increased
risk of thrombosis.'® In our analysis, the frequency of
the deletion/deletion genotype in our cohort of chil-
dren was almost twice the rate we observed in the
healthy subjects, this being significant at a level of
less than 0.05.

The results of our study suggest that, in addition to
prothrombotic mutations such as Factor V Leiden,
Prothrombin G20210A and methylentetrahydrofo-
late reductase CG677T, single-nucleotide polymor-
phisms related to thrombosis need to be kept in mind
when caring for children with congenital cardiac mal-
formations who develop thrombosis. Immobilization,
catheterization, and the surgical procedures them-
selves, are some of the factors suspected to induce a
thrombotic process in the perioperative period of con-
genital cardiac surgery. In our study, we investigated
only the 15 patients who developed severe thrombosis
from the 819 patients who had undergone cardiac
catheterization, and 674 who had undergone congen-
ital cardiac surgery. We believe that increasing the
number of subjects with thrombosis in further multi-
centric studies would give more accurate results.

References

1. Goldmuntz E. The epidemiology and genetics of congenital heart
disease. Clin Perinatol 2001; 28: 1-10.

2. De Stefano V, Zappacosta B, Persichilli S, et al. Prevalence of mild
hyperhomocysteinaemia and association with thrombophilic geno-
types (Factor V Leiden and prothrombin G20210A) in Italian
patients with venous thromboembolic disease. Br J Haematol
1999; 106: 564-568.

3. Akar N, Akar E, Akcay R, Avcu F, Yalcin A, Cin S. Effect of
methylenetetrahydrofolate reductase 677 C-T, 1298 A-C, and
1317 T-C on factor V 1691 mutation in Turkish deep vein
thrombosis patients. Thromb Res 2000; 97: 163-167.

4. Lovati E, Richard A, Frey BM, Frey FJ, Ferrari P. Genetic poly-
morphisms of the renin-angiotensin-aldosterone system in end-
stage renal disease. Kidney Int 2001; 60: 46-54.

5. Balogh I, Szoke G, Karpati L, et al. Val34Leu polymorphism of
plasma factor XIII: biochemistry and epidemiology in familial
thrombophilia. Blood 2000; 96: 2479-2486.

6. Carter AM, Catto AJ, Grant PJ. Association of the alpha-fibrinogen
Thr312Ala polymorphism with poststroke mortality in subjects
with atrial fibrillation. Circulation 1999; 99: 2423-2426.

7. Yoon'Y, Song J, Hong SH, Kim JQ. Plasma nitric oxide concen-
trations and nitric oxide synthase gene polymorphisms in coro-
nary artery disease. Clin Chem 2000; 46: 1626-1630.

8. Giirgey A, Mesci L. The prevalence of Factor V Leiden (1691
G — A) mutation in Turkey. Turk J Pediatr 1997; 39: 313-315.

9. Akar N, Misitlioglu M, Akar E, Avcu F, Yal¢in A, Sozuéz A.
Prothrombin gene 20210 G-A mutation in the Turkish popula-
tion. Am J Hematol 1998; 58: 249.

10. Ermis C, Tsai MY, Hanson NQ, Akar N, Aras O. Angiotensin [
converting enzyme, angiotensin 1I type 1 receptor and angio-
tensinogen polymorphisms and early myocardial infarction in the
Turkish population. Thromb Haemost 2002; 88: 693—694.


https://doi.org/10.1017/S1047951105000053

Vol. 15, No. 1

11.

12.

13.

Giirgey A, Ozyiirek E, Giimriik F, et al. Thrombosis in children
with cardiac pathology: frequency of Factor V Leiden and pro-
thrombin G20210A mutations. Pediatr Cardiol 2003; 24;
244-248.

Jackson A, Brown K, Langdown J, Luddington R, Baglin T.
Effect of angiotensin-converting enzyme gene deletion polymor-
phism on the risk of venous thromboembolism. Br J Haematol
2000; 111: 562-564.

Lamas S, Marsden PA, Li GK, Tempst P, Michel T. Endothelial
nitric oxide synthase: molecular cloning and characterization of a
distinct constitutive enzyme isoform. Proc Natl Acad Sci USA

1992; 89: 6348-6352.

https://doi.org/10.1017/51047951105000053 Published online by Cambridge University Press

14.

15.

16.

Ozbek et al: Effect of genetic factors on perioperative thrombosis 25

Song J, Yoon Y, Park KU, et al. Genotype-specific influence on
nitric oxide synthase gene expression, protein concentrations, and
enzyme activity in cultured human endothelial cells. Clin Chem
2003; 49: 847-852.

Hooper WC, Lally C, Austin H, et al. The relationship between
polymorphisms in the endothelial cell nitric oxide synthase gene
and the platelet GPIlla gene with myocardial infarction and
venous thromboembolism in African Americans. Chest 1999;
116: 880-886.

Duncan JA, Scholey JW, Miller JA. Angiotensin II type 1 receptor
gene polymorphisms in humans: physiology and pathophysiology
of the genotypes. Curr Opin Nephrol Hypertens 2001; 10: 111-116.


https://doi.org/10.1017/S1047951105000053

