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Hereditary thrombophilia and thrombosis of tunneled hemodialysis
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Abstract
Introduction: Vascular access thrombosis increases the risk of mortality and morbidity in endstage renal disease (ESRD) patients on hemodialysis (HD). This study aimed to evaluate hereditary
thrombophilia factors in HD patients and its association with tunneled cuffed catheters’ thrombosis.
Methods: In this cross-sectional study, 60 consecutive patients with ESRD on HD with tunneled cuffed
catheters were selected. Inherited thrombophilia factors (Anti-thrombin III, Protein C, Protein S, and
Factor V Leiden) were measured and the patients were followed for 3 months to evaluate the incidence
of catheter-related thrombosis. The association between these factors and catheter thrombosis was
assessed.
Results: The mean age of patients was 60.30 ± 8.69 years. Forty-seven patients (78.30%) were female
and thirteen patients (21.70%) were male. The most common cause of ESRD was diabetes mellitus
(41.67%). The most catheter site was the right internal jugular vein (55%). There were 22 (36.67%)
and 8 (13.33%) cases of thrombosis and mortality, respectively. The association between hereditary
thrombophilia factors and catheter thrombosis was not statistically significant (P > 0.05).
Conclusion: In this small group of our patients, the frequency of hereditary thrombophilia was not
significantly different between those with and without thrombosis of tunneled HD catheter.

Introduction
Hemodialysis (HD) is still a common method of renal
replacement therapy (RRT) in patients with end-stage
renal disease (ESRD).1,2 Although the best option for
hemodialysis is creation of a native arteriovenous
fistula (AVF), tunneled cuffed HD catheters are still
used in a considerable number of patients.3-5 However,
complications of catheters are high and they contribute
to potential morbidities and mortalities in some patients
with ESRD.1,6,7 Catheter-related complications are more
common during the first 90 days of placement.5,8 The
activation of coagulation cascade has been studied to
be extensively related to thrombosis. Thrombophilia
plays an important role in thrombosis in contribution
to other factors. Deficiency of anticoagulation proteins,
including anti-thrombin III, protein C and S and factor V
Leiden is associated with inherited thrombophilia which
enhances the hypercoagulability state in patients on
HD.9-11 Investigating the role of inherited thrombophilia
factors may help decrease the risk of catheter failure due
to thrombosis in such patients. There is a paucity of data

on the role of hereditary thrombophilia for thrombosis of
a tunneled HD catheter in ESRD patients. In this study,
we aimed to evaluate the role of hereditary thrombophilia
factors associated with permanent tunneled catheter
thrombosis among patients undergoing HD.
Materials and Methods
Study population
The present cross-sectional study included 60 consecutive
patients with ESRD who were candidates of cuffed
tunneled HD catheter placement at Imam Reza Hospital
of Tabriz University of Medical Sciences, Tabriz, Iran. The
study was conducted from March 2012 to November 2012
and the cases were selected according to the inclusion and
exclusion criteria. The study protocol was approved by the
ethics committee of Tabriz University of Medical Sciences
under the number 91/1-1/2 and ethical code of 5/4/6862.
Figure 1 illustrates the flow chart of the study participants.
Inclusion and exclusion criteria
Patients who were on chronic HD, aged between 16 and 80
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Figure 1. Flow chart of the study patients

years old, and had a history of unsuccessful placement of
arteriovenous fistula or arteriovenous graft were selected
for the study. Tunneled HD catheters were placed in the
jugular or subclavian veins without any technical problems
and the patients underwent 3 times of HD for four hours
without any complications. Of the total patients, only 60
patients met our criteria to enter the study. Patients who
received oral anticoagulation or contraceptives, had acute
or chronic hepatitis, systematic lupus erythematosus
or other immunological or rheumatologic diseases,
malignancy, diabetes, exit site infection, technical errors
in the placement of the catheter, replacement of the
catheter, history of deep vein thrombosis (DVT), recent
surgery and immobilization were excluded from the study.
Blood sampling and study variables
Before the beginning of HD, blood samples were obtained
from peripheral veins to measure routine blood cell counts
and coagulation factors, including prothrombin time
(PT), international normalized ratio (INR), protein C and
S levels, anti-thrombin III, lupus anti-coagulant and factor
V Leiden. The patients were followed for three months.
Patients’ characteristics were consisted of age, gender,
body mass index (BMI), presence of hypertension before
hemodialysis, cause of renal failure, anatomical location
of catheter and time of exchanging the catheter. We used
cuffed tunneled catheters with tip to cuff length of 19cm,
23cm and 28cm depending on the patients’ anatomy and
the used central vein. All the catheters were from a same
company. All the catheters were placed by Seldinger’s
technique and tunneled subcutaneously. The location and
function of catheters were confirmed by chest X-ray and
successful hemodialysis within 24 hours of placement,
80
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respectively. All the patients received an appropriate dosage
of heparin (100-150 UI/kg) before the beginning of HD. In
the end, all the catheters were irrigated with normal saline
and filled with heparin. Patients were followed by phone
calls and office visits if the catheters failed to function
at routine HD sessions. Diagnosis of thrombosis was
initially made by documentation of inability to perform
HD or absence of sufficient flow, followed by ultrasound
confirmation. Thrombophilia markers were assessed in all
the patients. Thrombophilia was confirmed if the patients
had anti-thrombin activity <75%, protein C and protein
S activity <70%, positive lupus anticoagulant, and factor
V Leiden.
Statistical analysis
Statistical comparison between quantitative variables
was conducted by independent T-test. Chi-square test
and Fisher’s exact test were used to identify qualitative
differences between groups. A p-value less than 0.05 was
considered to be statistically significant. All statistical
analyses were conducted using IBM SPSS Statistics for
Windows, version 24.0 (Armonk, NY: IBM Corp.).
Results
A total of 60 patients with ESRD were investigated. The
mean age of patients was 60.30 ± 8.69 years. Forty-seven
(78.30%) patients were female and thirteen (21.70%)
patients were male. The mean systolic blood pressure was
112.50 ± 2.80 mm Hg. The most common causes of ESRD
were diabetes (n= 25, 41.67%) and hypertension (n= 19,
31.67%). Fourteen patients (23.33%) had unknown causes
and two patients (3.33%) had chemotherapy-induced
ESRD.

Thrombophilia and catheter thrombosis

The mean period of ESRD was 16.56 ± 15.92 months.
The most common site of catheter placement was right
internal jugular vein (n= 33, 55%). In addition, eleven
(18.33%) catheters were placed through left internal
jugular vein. Right and left subclavian accesses were used
in ten (16.67%) and six (10%) patients, respectively.
Catheter thrombosis and perioperative mortality
occurred in 22 (36.67%) and 8 (13.33%) cases, respectively.
Laboratory findings are shown in Table 1. In addition,
hereditary thrombophilia factors are presented in Table
2. PT and INR were not significantly different between
the groups (P > 0.05). Also, mean values of protein C,
protein S and anti-thrombin III were not significantly
different between the two groups (P > 0.05; independent
sample t-test). We found no significant differences in the
numbers of patients with lower limit protein C, protein S,
anti-thrombin III deficiency and positive factor V Leiden
between the two groups (P > 0.05; chi-square test). All the
cases were negative for lupus anticoagulant.
Table 1. Laboratory findings of the study population
Laboratory variables

Mean

SD***

Maximum

Minimum

PT*

12.56

1.08

11

16

INR**

1.04

0.07

1

1.30

Protein C

77.60

26.64

37

151

Protein S

92.91

34.59

37

160

Anti-thrombin III

91.87

21.02

31

128

Abbreviations: PT, prothrombin time ;INR, international normalized ratio
Prothrombin time; **International normalization ratio; ***Standard Deviation

Discussion
The rapid growth of ESRD is accompanied by increased
use of permanent HD vascular accesses. In addition,
because most of the HD patients who use catheters for
dialysis have history of failed arteriovenous fistulas and
grafts, patency and function of catheter are of potential
importance. ESRD patients who are on HD by cuffed
tunneled catheter require long-term function of the
catheter. However, thrombosis, infection and malfunction
predispose the patients to potential morbidities and
mortalities. Catheter-related thrombosis itself are of the
most important complications of tunneled HD catheter,
leading to access dysfunction, decreased quality of life and
increased rate of mortality.12,13
Thrombophilia predisposes patients with ESRD to
venous and catheter thrombosis. It may be initiated
by both genetic and acquired factors. Genetic factors
include genetic mutations of hemostasis factors which
potentially increase the risk of thrombosis. Such genetic
factors are not always associated with thrombosis and
are age-dependent. Hereditary thrombophilia includes
deficiencies of anti-thrombin III, protein C and S, and
mutation in factor V Leiden genes.10 Although the last one
is responsible for more than 50% of cases, it is associated
with mild thrombophilia.10,14 Moreover, mutations in
prothrombin gene is associated with lower risk, protein C
and S deficiencies with moderate risk and anti-thrombin
Ⅲ deficiencies with higher risk of thromboembolic
events.14
Knoll et al. evaluated the association between
thrombophilia and arteriovenous fistula or graft

Table 2. Hereditary thrombophilia factors in patients with or without thrombosis
With thrombosis a
(n= 22 patients)

Without thrombosis a
(n= 38 patients)

P value b

PT c

12.41± 0.91

12.63 ± 1.18

0.44

INR d

1.04 ± 0.06

1.04 ± 0.08

0.93

73.36 ± 24.10

80.06 ± 28.01

0.35

14 (63.60%)
8 (36.40%)

25 (65.80%)
13 (34.20%)

0.86

94.22 ± 31.54

92.15 ± 36.63

0.82

18 (81.80%)
4 (18.20%)

28 (73.70%)
10 (26.30%)

0.47

90.34 ± 31.54

92.76 ± 23.90

0.67

Normal
Decreased

19 (86.4%)
3 (13.60%)

32 (84.20%)
6 (15.80%)

0.82

Factor V Leiden
Positive
Negative

21 (95.50%)
1 (4.50%)

37 (97.40%)
1 (2.60%)

0.90

Mean Protein C

e

Normal
Decreased
Mean Protein Se
Normal
Decreased
Mean Anti-thrombin IIIf

Abbreviations: PT, prothrombin time ;INR, international normalized ratio
a
The comparison between two groups was conducted by independent sample t test for quantitative measures and with chi-square test for qualitative measures.
b
P values more than 0.05 indicate insignificant differences
c
Prothrombin time
d
International normalized ratio
e
The measures are presented by laboratory reports of percentages of activity
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thrombosis in 419 hemodialysis patients. They observed
that 55% of patients with vascular access thrombosis had
at least one of thrombophilia factors.7 In a study by Rios
et al., factors involved in the occurrence of thrombosis in
the 195 HD patients were identified. They observed that
Factor 5 Leiden, and blood groups did not have correlation
with thrombosis, but prothrombin gene mutation was
significantly higher in patients with acute thrombosis.2
Ataç et al. investigated the role of genetic mutation in
vascular thrombosis in the HD patients waiting for renal
transplant. They found that hereditary thrombophilia
was common cause of thrombosis but it was influenced
by various environmental factors, such as hormone
ingestion, immobilization, oral contraceptive pills and
surgery. Moreover, PT 20210 mutation put patients at
significantly higher risk of developing thrombosis.11
Moreover, Chen et al. found that the incidence of protein S,
protein C, anti-thrombin Ⅲ deficiency and elevated anticardiolipin antibody were not significantly higher in the
group of patients who experienced early access occlusion
after angioplasty than those without occlusion for at least
30 days. However, all together, they were significantly
more prevalent in the case group, suggesting the role of
hereditary thrombophilia factors in early vascular access
thrombosis.15 In a study by Akman et al., access thrombosis
was only related to factor V Leiden mutation.16
A meta-analysis reviewed 16 cohort study and showed
that elevated factor Ⅷ, protein C deficiency and
factor Ⅴ leiden mutation were related to central venous
catheter-associated deep vein thrombosis (CADVT) in
children.17 Also, another meta-analysis on patients with
cancer investigated the association between hereditary
thrombophilia abnormalities and central venous catheter
thrombosis. They showed that the presence of factor V
Leiden and prothrombin G20210A mutation were related
to the central venous catheter thrombosis.18 Decousus et
al. noted that antiphospholipid antibodies and acquired
resistance to activated protein C predispose the cancer
patients to thrombosis. Presence of all the hereditary
thrombophilia factors were not associated with increased
risk of thrombosis.19 In addition, another study by Boersma
et al. was performed on patients with cancer. They
evaluated the risk of central venous catheter thrombosis
with inherited thrombophilia factors. They found that
only the patients with mutation of factor V Leiden would
develop thrombosis.8 However, we found that protein C,
S, and anti-thrombin III deficiencies and factor V Leiden
mutation were not associated with catheter thrombosis
in HD patients. The major difference between our study
and the previous studies is that they conducted their study
on patients with preexisting condition of cancer, which
could have affected the result due to potential acquired
thrombophilia caused by cancer.
Nampoory et al. performed a study on HD patients
who had hypercoagulable state. Patients who experienced
venous thrombosis compared to those without
82
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thrombosis had significantly abnormal parameters of
lupus anticoagulant, protein C, protein S and activated
protein C resistance, though their hyper-coagulation was
corrected after renal transplantation.20 In the present study
there was no significant association between the incidence
of catheter thrombosis and hereditary thrombophilia
factors.
Small sample size was the main limitation of our
study. Investigating the tunneled hemodialysis catheter
thrombosis for possible association with hereditary
thrombophilia was the major advantage of our study, while
previous studies were mostly evaluated other vascular
accesses for this purpose. Future studies with larger sample
size are necessary to further elucidate this relationship.
Likewise, catheter brand may also affect the withoutthrombosis duration. Thus, a more comprehensive study
with the evaluation of different types of catheters together
with thrombophilia factors would assess the association of
these factors and catheter thrombosis more precisely. In
addition, a prospective study with precise stratification of
background characteristics would potentially strengthen
the likelihood of this association.
Conclusion
In conclusion, in this small group of our patients,
the frequency of hereditary thrombophilia was not
significantly different between those with and without
thrombosis of tunneled HD catheter.
Acknowledgements
The authors acknowledge all general surgery residents
of Tabriz University of Medical Sciences, Tabriz, Iran
who were involved in care of the presented patients. The
authors also thank Dr. Annis Shahnaee for her useful
comments during the preparation of this article.
Competing interest
The authors do not have any conflicts of interest.
Ethical approval
The study protocol was approved by the ethics committee
of Tabriz University of Medical Sciences under the number
91/1-1/2 and ethical code of 5/4/6862.
Funding
Research Deputy, Faculty of Medicine, Tabriz University
of Medical Sciences, Tabriz, Iran.
References
1. Clinical practice guidelines for vascular access. Am J
Kidney Dis. 2006;48 Suppl 1:S248-273. doi:10.1053/j.
ajkd.2006.04.040
2. Rios DR, Fernandes AP, Carvalho MG, Figueiredo RC,
Guimarães DA, Reis DR, et al. Hemodialysis vascular
access thrombosis: the role of factor V Leiden, prothrombin
gene mutation and ABO blood groups. Clin Chim Acta.
2011;412(5-6):425-429. doi:10.1016/j.cca.2010.11.002

Thrombophilia and catheter thrombosis

3.

Delistefani F, Wallbach M, Müller GA, Koziolek MJ, Grupp
C. Risk factors for catheter-related infections in patients
receiving permanent dialysis catheter. BMC Nephrol.
2019;20(1):199. doi:10.1186/s12882-019-1392-0
4. Little MA, O’Riordan A, Lucey B, Farrell M, Lee M, Conlon
PJ, et al. A prospective study of complications associated
with cuffed, tunnelled haemodialysis catheters. Nephrol
Dial Transplant. 2001;16(11):2194-2200. doi:10.1093/
ndt/16.11.2194
5. Napalkov P, Felici DM, Chu LK, Jacobs JR, Begelman SM.
Incidence of catheter-related complications in patients
with central venous or hemodialysis catheters: a health
care claims database analysis. BMC Cardiovasc Disord.
2013;13:86. doi:10.1186/1471-2261-13-86
6. Fadel FI, Elshamaa MF, Abdel-Rahman SM, Thabet EH,
Kamel S, Kandil D, et al. Coagulation, thrombophilia and
patency of arteriovenous fistula in children undergoing
haemodialysis compared with healthy volunteers:
a prospective analysis. Blood Coagul Fibrinolysis.
2016;27(2):190-198. doi:10.1097/mbc.0000000000000417
7. Knoll GA, Wells PS, Young D, Perkins SL, Pilkey RM,
Clinch JJ, et al. Thrombophilia and the risk for hemodialysis
vascular access thrombosis. J Am Soc Nephrol.
2005;16(4):1108-1114. doi:10.1681/asn.2004110999
8. Boersma RS, Hamulyak K, Cate HT, Schouten
HC. Congenital thrombophilia and central venous
catheter-related thrombosis in patients with cancer.
Clin Appl Thromb Hemost. 2010;16(6):643-649.
doi:10.1177/1076029610371471
9. Klai S, Fekih-Mrissa N, Ghachem A, Baffoun A, Nciri B,
Hmida J, et al. Thrombophilic disorders: a real threat to
patients with end-stage renal disease on hemodialysis
and at the time of renal transplantation. Blood
Coagul Fibrinolysis. 2012;23(5):406-410. doi:10.1097/
MBC.0b013e328353a5fc
10. Sarkar O, Assadian A, Frank H, Moessmer G, Heemann
U, Eckstein HH. Hereditary and acquired thrombophilic
disorders complicating vascular access in haemodialysis:
O. Sarkar et al. NDT Plus. 2010;3(4):393-396. doi:10.1093/
ndtplus/sfq056
11. Ataç B, Yakupoğlu U, Ozbek N, Ozdemir FN, Bilgin N. Role
of genetic mutations in vascular access thrombosis among

12.

13.

14.
15.

16.

17.

18.

19.

20.

hemodialysis patients waiting for renal transplantation.
Transplant Proc. 2002;34(6):2030-2032. doi:10.1016/
s0041-1345(02)02840-3
Casserly LF, Dember LM. Thrombosis in end-stage renal
disease. Semin Dial. 2003;16(3):245-256. doi:10.1046/
j.1525-139x.2003.16048.x
Guillermo-Corpus G, Ramos-Gordillo JM, PeñaRodríguez JC. Survival and clinical outcomes of tunneled
central jugular and femoral catheters in prevalent
hemodialysis patients. Blood Purif. 2019;47(1-3):132-139.
doi:10.1159/000494206
Tripodi A, Mannucci PM. Laboratory investigation of
thrombophilia. Clin Chem. 2001;47(9):1597-1606.
Chen TY, Lin L, Hsieh MY, Chen CH, Chen MK, Wu CC.
Thrombophilia associated with early post-angioplasty
thrombosis of dialysis vascular access. Cardiovasc
Intervent Radiol. 2018;41(11):1683-1690. doi:10.1007/
s00270-018-2046-5
Akman B, Afsar B, Ataç FB, Ibis A, Arat Z, Sezer S,
et al. Predictors of vascular access thrombosis among
patients on the cadaveric renal transplantation waiting
list. Transplant Proc. 2006;38(2):413-415. doi:10.1016/j.
transproceed.2006.01.022
Neshat-Vahid S, Pierce R, Hersey D, Raffini LJ, Faustino
EV. Association of thrombophilia and catheter-associated
thrombosis in children: a systematic review and metaanalysis. J Thromb Haemost. 2016;14(9):1749-1758.
doi:10.1111/jth.13388
Dentali F, Gianni M, Agnelli G, Ageno W. Association
between inherited thrombophilic abnormalities and central
venous catheter thrombosis in patients with cancer: a metaanalysis. J Thromb Haemost. 2008;6(1):70-75. doi:10.1111/
j.1538-7836.2007.02823.x
Decousus H, Moulin N, Quenet S, Bost V, Rivron-Guillot
K, Laporte S, et al. Thrombophilia and risk of venous
thrombosis in patients with cancer. Thromb Res. 2007;120
Suppl 2:S51-61. doi:10.1016/s0049-3848(07)70130-5
Nampoory MR, Das KC, Johny KV, Al-Hilali N, Abraham
M, Easow S, et al. Hypercoagulability, a serious problem in
patients with ESRD on maintenance hemodialysis, and its
correction after kidney transplantation. Am J Kidney Dis.
2003;42(4):797-805. doi:10.1016/s0272-6386(03)00860-6

J Cardiovasc Thorac Res, 2021, 13(1), 79-83

83

