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Catheter-related thrombosis is one of the potential major complications of the central venous access devices; main
risk factors include catheter-related blood stream infection and hypercoagulable state such as malignancy and
systemic infections. Catheter-related atrial thrombosis is an under-reported complication of venous access devices
of unclear prevalence rate, predisposing factors, screening recommendations and management guidelines, usually
diagnosed incidentally on echocardiogram and managed by systemic anticoagulation with or without catheter
preservation.

Here we present the case of a 2700-g infant with catheter-related right atrial thrombosis who was successfully
treated with anticoagulation therapy and preservation of the catheter. Potential risk factors for thrombosis in this
case include dehydration caused by refractory diarrhea and feeding intolerance, urinary tract infection, and total
parenteral nutrition containing dextrose. We have also performed a review of the literature on catheter-related

Atrial thrombosis
Thrombosis

atrial thrombosis in the pediatric age group.

1. Introduction

Central venous catheter device placement is common in children
diagnosed with cancer or admitted to the intensive care unit, as well as in
low birth-weight and small for gestational age neonates, to facilitate the
administration of intravenous medications and parenteral nutrition, and
for repetitive blood sampling [1].

Despite the fact that these devices have revolutionized the care of
chronic patients of all ages, many potential complications have been
associated with their placement and usage. Catheter-related atrial
thrombosis (CRAT) is an under-reported complication of unclear preva-
lence rate and best management practices [2].

2. Case report

Herein, we present the case of a two-month-old girl who was born at
full term (birth weight 3024 g) with no known neonatal or perinatal
complications. The patient was transferred to our hospital for manage-
ment of profuse watery non-bloody diarrhea (5-10 times per day) of four
weeks duration, associated with reduced oral intake and non-bilious

vomiting.

On admission, the patient was cachectic and weighed 2700 g. She
could not tolerate oral intake, which prompted total parenteral nutrition
administration, and had positive urine culture for Staphylococcus Epi-
dermidis requiring intravenous vancomycin. The peripheral venous ac-
cess was difficult and multiple attempts at inserting a peripherally
inserted central venous catheter (PICC) failed. A size 6 French Poly-
urethane totally implantable venous access device was placed via the
right internal jugular vein using an open technique under general
anesthesia.

On postoperative day 7, an echocardiogram was performed to com-
plete the medical workup; this uncovered the presence of a 1.4 x 0.8 cm
homogenous echogenic mass in the right atrium, at the junction between
IVC and tricuspid valve adherent to the diaphragmatic wall of the right
atrium, suggestive of a previously unsuspected catheter-related right
atrial thrombosis (CRAT). The rest of the medical work-up was negative
and the patient was diagnosed with intractable diarrhea of infancy.

In light of the extreme difficulty in securing a peripheral venous ac-
cess for the patient and because the clot was stable and adherent to the
atrial wall on echocardiogram and was asymptomatic, we decided to
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preserve the line that remained functional throughout the hospital
course. Therapeutic low molecular weight heparin (Enoxaparin) was
started at a dose of 1 mg/kg subcutaneously every 12 hours, Anti-Xa level
was utilized to adjust the dose; 2.3 mg/kg was required to achieve a
therapeutic level of Anti-Xa of 0.5-1 IU/mL. The patient maintained a
normal platelet count throughout.

Serial echocardiograms were performed on postoperative days 10, 17,
25, 45, 66, 96, and 153 showing gradual resolution of the right atrial
thrombus with no hemodynamic obstruction to the inferior or superior
vena cavae at any point in time, with complete resolution of the clot on
postoperative day 96 (Table-1) (Fig. 1), (Fig. 2a-b), and (Fig. 3). Of note,
the patient did not have any anatomic cardiac abnormality and no
detectable patent foramen ovale.

On postoperative day 23, the patient developed fever; blood culture
from the catheter grew Staphylococcus Epidermidis. She received a ten-
day course of intravenous vancomycin, after which repeat blood cultures
were negative. Screening tests for thrombophilia were negative. The
device was removed 5 months after insertion whereby the patient’s
clinical condition improved significantly and the catheter was not needed
any longer. The patient remained on therapeutic subcutaneous Enox-
aparin until complete resolution of the right atrial thrombus was ach-
ieved (three months); she was then placed on prophylactic dose of
Enoxaparin for two months until the catheter was removed. Our case is
an example of provoked thrombosis hence anticoagulation was not
indicated after catheter removal. We based our management decisions on
the American society of hematology guidelines and Young (2017) [3,4].

The catheter removal procedure was smooth and uncomplicated.
During the most recent follow-up visit, a week after catheter removal, the
patient remained symptom-free and a repeat echocardiogram was
negative for recurrence of the thrombosis.

3. Discussion

Since their introduction in the early 1980’s [5] totally implantable
venous access devices (TIVADs) have significantly improved the quality
of care of patients, of all age groups, who require long-term venous access
for administration of intravenous medications and multiple blood with-
drawals [6].

A long list of potential complications of central venous access have
been described in the literature including pneumothorax, hemothorax,
air embolism and cardiac arrhythmias in the immediate postoperative
phase, as well as late complications such as infection, catheter migration
or disconnection, vascular erosion and catheter-related thrombotic
complications [6]. Thrombotic complications are common with an inci-
dence rate ranging between 14% and 36% within 1-2 years of catheter
placement [7]. They may remain asymptomatic, result in catheter
dysfunction, or even dislodge and cause life threatening thromboembolic
events. Potential locations of the thrombus include the catheter itself, the
central vein harboring the catheter, or even in the right atrium or the
superior vena cava [8].

3.1. Prevalence rate

Different studies have reported a wide range of prevalence rates of

Table-1
CRAT Dimensions on follow-up echocardiograms.
Post-operative Day Length (cm) Width (cm)
10 1.4 0.6
13 1.4 0.6
17 1.2 0.5
25 1.2 0.5
45 0.9 0.4
66 0.8 0.3
96 <0.1 <0.1

153
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catheter-related right atrial thrombosis [9]. Korones et al. reported a
prevalence rate of 8.8% in children with oncologic conditions, all of
which were asymptomatic and diagnosed on routine echocardiograms
[10]. The prevalence rate in neonates varies between 0.7% and 67%
[11]. Table 2 summarizes data on catheter-related atrial thrombosis in
children.

3.2. Clinical presentation

Though mostly asymptomatic, patients with CRAT may present with
catheter malfunction [12]. CRAT can be life threatening with reported
mortality rate of up to 18.3% mainly due to potential cardiac arrest and
pulmonary thrombo-embolism; systemic embolization is possible in cases
of coexisting patent foramen ovale [13].

3.3. Risk factors

Multiple risk factors have been linked to the development of CRAT
including hypercoagulable state such as malignancy and hyperviscosity
due to dehydration; catheter-related blood stream infection, as well as
catheter tip location [7,8,12,13].

The positive correlation between catheter-related infection and CRAT
development has been explicitly discussed in the literature [14].
Intra-atrial thrombogenic process may be triggered by an infectious nidus
at the tip of the catheter, or the clot itself may predispose to infection
[15]. Systemic infectious diseases have also been associated with
thrombotic complications by increasing cytokine levels such as
TNF-alpha and interleukin-1 and 6, which stimulate the production and
release of plasminogen activator inhibitor type I (PAI-1) thus impairing
fibrinolysis and precipitating thrombotic events [16]. Our patient had
positive urinary culture; this may have contributed to the development of
thrombosis.

Long-standing stress has been linked to thrombotic complications via
increasing platelet aggregability and serum levels of factors VIII, VWF
and fibrinogen. Plasminogen activator inhibitor type I (PAI-1) levels are
also increased by stress secondary to hypercortisolemia [17]. Our patient
had long-standing diarrhea and undernutrition causing stress thus
possibly contributing to her thrombotic complication. Hyperinsulinemia
caused by intravenous hypertonic glucose administration has also been
associated with thrombotic events due to secondary elevation in plas-
minogen activator inhibitor type I (PAI-1) levels [18]. Our patient was
not on supra-physiologic levels of glucose infusion and she did not
develop hyperglycemia during her hospital stay.

In regards to the catheter tip location, The National Kidney Founda-
tion - Kidney Disease Outcomes Quality Initiative (NKF)-KDOQI guide-
lines, last updated in 2006, recommend placing the tip of long-term
catheters within the right atrium both in children and adults to achieve
optimal blood flow necessary for hemodialysis [19]. On the other hand,
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Fig. 1. CRAT Dimensions on follow-up Echocardiograms.
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Fig. 2b. Echocardiography post-operative day 96.

Korones et al. [10] showed a statistically significant higher incidence of
CRAT in patients in whom the tip of the catheter was positioned in the
right atrium as opposed to the superior vena cava (20% versus 2%, P =
0.004). Other authors have shown even higher incidence (up to 46.2%)
of CRAT development associated with catheter tip positioning in the right
atrium [20]. This phenomenon may be attributed to the continuous
mobility of the catheter within the right atrial cavity caused by the
beating heart, resulting in right atrial wall endothelial damage thus
initiating the thrombogenic process [1,21]. Chen et al. explained that in
children the tip of the catheter may not stay in its place after placement
under fluoroscopic guidance due to physical activity; this catheter-tip
movement contributes to catheter thrombosis; the authors suggest posi-
tioning the catheter in the superior vena cava to minimize catheter tip
movement in children [22].

In the present case, central blood culture grew Staphylococcus Epi-
dermidis, the tip of the catheter was positioned within the right atrium,
the patient had urinary tract infection, dehydration, and was in a state of
physiologic stress; all of the above factors may have contributed to the
development of CRAT.

3.4. Diagnosis

As in the present case, CRAT is usually diagnosed incidentally on
echocardiograms [9]. Echocardiograms may be prompted by catheter
dysfunction or other signs such as arrhythmia. Cardiac magnetic reso-
nance imaging may be useful when echocardiograms are not conclusive
to rule out other pathologies such as intra-atrial tumors [23].

CRAT may develop early after central line placement. Similar to our
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Fig. 3. Echocardiography post- catheter removal.

case, Gilon et al. [20] documented CRAT development in less than a week
after insertion, whereas other studies documented cases diagnosed up to
a year after removal of the catheter [10].

3.5. Management

Classically, catheter-related thrombosis is managed by catheter
removal and long-term anticoagulation therapy [24,25]. Due to the
paucity of high-level evidence, most of the management strategies of
catheter-related thrombosis in neonates and children are extrapolated
from the adult literature [11,26]. Yang et al. [12] reported successful
management of 20 adult hemodialysis patients with anticoagulation and
catheter replacement whereby the tip of the new catheter is located at a
different location than that of the clot. Thrombolysis of the atrial clot has
also been reported in the literature [27]; however, risk of fragmentation
of the clot resulting in pulmonary embolism [28] or systemic embolism in
the presence of patent foramen ovale remains a major concern [29].
Prompt thoracotomy and excision of the thrombus is indicated when
anticoagulation is contraindicated, in hemodynamically unstable pa-
tients, or in cases of large thrombi [13]. The medical literature remains
indecisive when it comes to comparing the outcomes of medical and
surgical management options in patients with CRAT [13]. In our case,
despite the fact that the dimensions of the right atrial clot were 1.4 x 0.8
cm, which is smaller than the reported cut-off for surgical intervention (2
cm) [28], the patient weighed only 2700 g and the largest dimension of
her right atrium was 1.9 cm as measured on echocardiogram. That said,
and because the line was legitimately needed and the clot was asymp-
tomatic, we elected to preserve the catheter and treat by anticoagulation
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only.

In their meta-analysis of 71 CRAT cases in hemodialysis adult pa-
tients, Stavroulopoulos et al. [13] concluded that the removal of central
venous catheter in patients diagnosed with CRAT is mandatory because
of the high mortality and complication rates associated with retaining the
catheters in place. The authors attributed this high correlation between
keeping the lines and worse outcomes to the mechanical trauma inflicted
on the atrial wall by the catheters’ tips, particularly when the later are
located in the right atrium rather than the distal superior vena cava, as
well as the potential bacterial colonization of the catheters.

The risks of removing a central catheter due to thrombosis or infec-
tion include embolization and dissemination of bacteria [29]. Medical
management of CRAT with anticoagulation only and preserving the
catheter has been successfully attempted in stable and asymptomatic
patients. In their retrospective review, Chick et al. reported a 92% rate of
catheter preservation in cases of incidentally discovered catheter-related
thrombosis [30]. There are also reports in the literature of managing
patients with incidentally discovered small asymptomatic CRAT located
at the catheter tip by observation only without anticoagulation or cath-
eter removal, both in children and adults [10,30] [Table 2]. Our patient
was incidentally diagnosed with CRAT around one week after central
venous device placement, was successfully managed with anti-
coagulation while preserving her catheter.

3.6. Prophylaxis

Despite the fact that some authors have suggested the utilization of
heparin prophylaxis to prevent peripherally inserted venous catheter-
related thrombosis in infants [31], its use has been associated with sig-
nificant albeit rare adverse events such as bleeding and heparin-induced
thrombocytopenia [32]. In their systematic review of literature and
meta-analysis, Vidal et al. analyzed over 3000 pediatric patients
including newborns and concluded that thromboprophylaxis using hep-
arin, warfarin, or other potential agents do not reduce the risk of
catheter-related thrombosis [33]. Our patient was not placed on throm-
boprophylaxis at the time of catheter placement, as we believe that the
risk-versus-benefits of thromboprophylaxis does not justify its use in
neonates.

3.7. Recurrence

Recurrence of CRAT after successful treatment is extremely rare; it
has so far been reported in two patients, an adult [22] and a child [34]
both of which were originally treated via anticoagulation and surgical
excision of the clot. The adult patient was a 39-year-old woman on he-
modialysis who had high serum homocysteine levels [22], and the other
patient was a 12-year-old child with non-Hodgkin lymphoma and
factor-V Leiden mutation [34]. Our patient’s serum homocysteine level
was 2.5 p mol/L (reference range: 5-15 p mol/L) and no evidence of
inherited coagulopathy.

Table-2
List of reported CRAT cases in children.
Reference Study methodology Number of cases Age range Management
Chen et al. (2016) [1] Retrospective 6 Not available Not available
Corapcioglu et al. (2005) [34] Case report 1 12 years Atriotomy and clot excision
Kornoes et al. (1996) [10] Retrospective 13 2 years-20 years Approach Number of patients
Atriotomy and clot excision 2
Anticoagulation and pulling back of the catheter 1
Anticoagulation only 3
Observation only 7
Ross et al. (1989) [35] Retrospective 16 3 weeks—15 years Approach Number of patients
Atriotomy and clot excision 2
Thrombolysis 8
Catheter removal 3
Observation only 3
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3.8. Screening

The gold-standard screening for central-line-related thrombosis has
yet to be defined. Some authors have suggested routine echocardiograms
in all patients with long-term central venous catheters to avoid potential
significant complications of asymptomatic CRAT [21]. Other published
suggestions include obtaining echocardiograms only in patients with
dysfunctional catheters [28], or in patients with high-risk profile such as
catheter tip in the right atrium or recipients of known thrombogenic
chemotherapeutic agents such as r-asparignase [34].

4. Conclusion

We have presented a case of 2700 grams-infant with CRAT who was
successfully treated with anticoagulation therapy with preservation of
the catheter; At this point in time, current data are not sufficient to
recommend how to screen and treat central venous catheter-related atrial
thrombosis.

Human rights
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Author contributions

Ahmad Zaghal proposed the study.

Mariam Arabi and Rana Sharara-Chami contributed equally to this
paper and are both first authors.

Ahmad Zaghal, Joelle Hassanieh, performed the research and
wrote the first draft.

Ahmad Zaghal, Joelle Hassanieh, collected and analyzed the data.

All authors contributed to the design and interpretation of the study
and to editing of the manuscript.

Ahmad Zaghal is the guarantor.

Funding status

This case report was not funded.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

List of abbreviations

NKF-KDOQI The National Kidney Foundation - Kidney Disease
Outcomes Quality Initiative

CRAT Catheter-related atrial thrombosis
MTHFR Methylenetetrahydrofolate reductase
PFO Patent foramen oval

PICC Peripherally inserted central catheter
POD Postoperative day

TIVAD  Totally implantable venous access device
References

[1] K. Chen, A. Agarwal, M. Tassone, N. Shahjahan, M. Walton, A. Chan, T. Mondal,
Risk factors for central venous catheter-related thrombosis in children: a
retrospective analysis, Blood Coagul. Fibrinolysis 27 (4) (2016) 384-388.

[2] M. Tran, T. Wilcox, P. Tran, Catheter-related right atrial thrombosis, J. Vasc. Access
21 (3) (2020) 300-307.

[3]

[4]
[5]

[6]

[71

[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Thrombosis Update 1 (2020) 100003

P. Monagle, C. Cuello, C. Augustine, M. Bonduel, L. Brandao, T. Capman, et al.,
American Society of Hematology 2018 Guidelines for management of venous
thromboembolism: treatment of pediatric venous thromboembolism, Blood Adv. 2
(22) (2018) 3292-3316.

G. Young, How I treat pediatric venous thromboembolism, Blood 130 (12) (2017)
1402-1408.

E. Wiener, Totally implanted venous and arterial access system to replace external
catheters in cancer treatment, J. Pediatr. Surg. 18 (4) (1983) 528.

A. Zaghal, M. Khalife, D. Mukherji, N. El Majzoub, A. Shamseddine, J. Hoballah,
G. Marangoni, W. Faraj, Update on totally implantable venous access devices, Surg.
Oncol. 21 (3) (2012) 207-215.

J. Baskin, C. Pui, U. Reiss, J. Wilimas, M. Metzger, R. Ribeiro, S. Howard,
Management of occlusion and thrombosis associated with long-term indwelling
central venous catheters, Lancet 374 (9684) (2009) 159-169.

C. Chen, C. Liu, W. Sun, Evidence-based review on catheter-related thrombosis of
the implantable venous access device, Tzu Chi Med. J. 19 (4) (2007) 207-219.

V. Suratkal, A. Ahmed, Right atrial thrombus and challenges in its management,
J. Assoc. Phys. India 66 (12) (2018) 65-68.

D. Korones, C. Buzzard, B. Asselin, J. Harris, Right atrial thrombi in children with
cancer and indwelling catheters, J. Pediatr. 128 (6) (1996) 841-846.

J.J. Sol, M. Van de Loo, M. Boerma, K.A. Bergman, A.E. Donker, M. Van der Hoeven,
et al., NEOnatal Centralvenous Line Observational study on Thrombosis
(NEOCLOT): evaluation of a national guideline on management of neonatal
catheter-related thrombosis, BMC Pediatr. 23 (1) (2018) 84, 18.

H. Yang, F. Chen, H. Jiao, H. Luo, Y. Yu, H.G. Hong, Y. Li, P. Fu, T. Cui,
Management of tunneled-cuffed catheter-related right atrial thrombosis in
hemodialysis patients, J. Vasc. Surg. 68 (5) (2018) 1491-1498.

A. Stavroulopoulos, V. Aresti, C. Zounis, Right atrial thrombi complicating
haemodialysis catheters. A meta-analysis of reported cases and a proposal of a
management algorithm, Nephrol. Dial. Transplant. 27 (7) (2011) 2936-2944.

P. Peeters, L. Colle, P. Van der Niepen, D. Verbeelen, Infected intracardiac thrombi:
complication of vascular access in hemodialysis patients, Nephrol. Dial. Transplant.
10 (6) (1995) 909-910.

0. Negulescu, M. Coco, J. Croll, M. Mokrzycki, Large atrial thrombus formation
associated with tunneled cuffed hemodialysis catheters, Clin. Nephrol. 59 (1)
(2003) 40-46.

T. Van der Poll, E. De Jonge, H. Ten Cate an, Cytokines as Regulators of
Coagulation. Madame Curie Bioscience Database [Internet], Landes Bioscience,
Austin (TX), 2000-2013.

A. Austin, T. Wissmann, R. Von Kanel, Stress and hemostasis: an update, Semin.
Thromb. Hemost. 39 (2013) 902-991.

A. Ceriello, A. Novials, E. Ortega, G. Pujadas, L. La Sala, R. Testa, et al.,
Hyperglycemia following recovery from hypoglycemia worsens endothelial damage
and thrombosis activation in type 1 diabetes and in healthy controls, Nutr. Metabol.
Cardiovasc. Dis. 24 (2) (2014) 116-123.

NKF KDOQI Guidelines, Retrieved on 23-May-2020 from, https://www.kidn
ey.org/sites/default/files/docs/12-50-0210_jag_dcp_guidelines-va_oct06_section
c_ofc.pdf, 2006.

D. Gilon, D. Schechter, A. Rein, Z. Gimmon, R. Or, Y. Rozenman, et al., Right atrial
thrombi are related to indwelling central venous catheter position: insights into
time course and possible mechanism of formation, Am. Heart J. 135 (3) (1998)
457-462.

J. Bayon, M. Martin, J. Garcia-Ruiz, C. Rodriguez, “We have a tenant” a right atrial
thrombus related to a central catheter, Int. J. Cardiovasc. Imag. 27 (1) (2010) 5-6.
L. Asmarats, C. Fernandez-Palomeque, J. Martinez-Riutort, A. Bethencourt, Right
atrial thrombosis associated with hemodialysis catheter: first description of
recurrence in a poorly understood problem, J. Thromb. Thrombolysis 39 (2) (2014)
254-257.

R. Ram, G. Swarnalatha, Y. Rakesh, M. Jyostna, N. Prasad, K. Dakshinamurty, Right
atrial thrombus due to internal jugular vein catheter, Hemodial. Int. 13 (3) (2009)
261-265.

J. Ghannam, R. Srinivasa, J. Chick, Regarding “Management of tunneled-cuffed
catheter-related right atrial thrombosis in hemodialysis patients”, J. Vasc. Surg. 69
(1) (2019) 311-312.

W. Ozimek, M. Wréblewska-Katuzewska, A. Gadomski, B. Sopylo, R. Rokicka-
Milewska, D. Jaranowska, et al., Echocardiographic assessment of right atrial
thrombus related to the implanted port device in patient receiving chemotherapy
for non-Hodgkin’s lymphoma, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 6 (5)
(2000) 1013-1017.

O. Romantsik, M. Bruschettini, S. Zappettini, L. Ramenghi, M. Calevo, Heparin for
the treatment of thrombosis in neonates, Cochrane Database Syst. Rev. 7 (11)
(2016) CD012185, 11.

A. Shah, M. Murray, C. Nzerue, Right atrial thrombi complicating use of central
venous catheters in hemodialysis, J. Vasc. Access 6 (1) (2005) 18-24.

S. Laecke, A. Dhondt, J. Sutter, R. Vanholder, Right atrial thrombus in an
asymptomatic hemodialysis patient with malfunctioning catheter and patent
foramen ovale, Hemodial. Int. 9 (3) (2005) 236-240.

L. Rossi, P. Libutti, F. Casucci, P. Lisi, A. Teutonico, C. Basile, C. Lomonte, Is the
removal of a central venous catheter always necessary in the context of catheter-
related right atrial thrombosis? J. Vasc. Access 20 (1) (2018) 98-101.

J. Chick, S. Reddy, R. Bhatt, B. Shin, J. Kirkpatrick, S. Trerotola, Significance of
echocardiographically detected central venous catheter tip-associated thrombi,

J. Vasc. Intervent. Radiol. 27 (12) (2016) 1872-1877.

P. Shah, V. shah, Continous heparin infusion to prevent thrombosis and catheter
occlusion in neonates with peripherally placed percutaneous central venous
catheters, Cochrane Database Syst. Rev. 16 (2) (2008) CD002772.


http://refhub.elsevier.com/S2666-5727(20)30003-1/sref1
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref1
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref1
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref1
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref2
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref2
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref2
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref3
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref3
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref3
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref3
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref3
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref4
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref4
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref4
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref5
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref5
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref6
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref6
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref6
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref6
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref7
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref7
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref7
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref7
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref8
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref8
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref8
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref9
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref9
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref9
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref10
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref10
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref10
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref11
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref11
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref11
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref11
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref12
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref12
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref12
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref12
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref13
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref13
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref13
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref13
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref14
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref14
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref14
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref14
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref15
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref15
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref15
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref15
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref16
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref16
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref16
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref17
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref17
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref17
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref18
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref18
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref18
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref18
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref18
https://www.kidney.org/sites/default/files/docs/12-50-0210_jag_dcp_guidelines-va_oct06_sectionc_ofc.pdf
https://www.kidney.org/sites/default/files/docs/12-50-0210_jag_dcp_guidelines-va_oct06_sectionc_ofc.pdf
https://www.kidney.org/sites/default/files/docs/12-50-0210_jag_dcp_guidelines-va_oct06_sectionc_ofc.pdf
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref20
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref20
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref20
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref20
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref20
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref21
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref21
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref21
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref21
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref22
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref22
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref22
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref22
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref22
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref22
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref23
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref23
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref23
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref23
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref24
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref24
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref24
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref24
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref25
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref26
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref26
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref26
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref27
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref27
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref27
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref28
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref28
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref28
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref28
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref29
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref29
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref29
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref29
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref30
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref30
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref30
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref30
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref30
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref31
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref31
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref31

R. Sharara-Chami et al.

[32]

[33]

A. Friederike Klenner, C. Fusch, A. Rakow, I. Kadow, E. Beyersdorff, P. Eichler, et
al., Benefit and risk of heparin for maintaining peripheral venous catheters in
neonates: a placebo-controlled trial, J. Pediatr. 143 (6) (2003) 741-745.

E. Vidal, A. Sharathkumar, J. Glover, E. Faustino, Central venous catheter-related
thrombosis and thromboprophylaxis in children: a systematic review and meta-
analysis, J. Thromb. Haemostasis 12 (7) (2014) 1096-1109.

Thrombosis Update 1 (2020) 100003

[34] F. Corapcioglu, K.M. Uysal, E. Silistreli, N. Unal, H. Oren, U. Acikel, Catheter-
associated recurrent intracardiac thrombosis and factor V Leiden mutation in a
child with non-Hodgkin’s lymphoma, Turk. J. Pediatr. 47 (3) (2005) 279-282.

[35] P. Ross, R. Ehrenkranz, C. Kleinman, J. Seashore, Thrombus associated with central
venous catheters in infants and children, J. Pediatr. Surg. 24 (3) (1989) 253-256.


http://refhub.elsevier.com/S2666-5727(20)30003-1/sref32
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref32
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref32
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref32
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref33
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref33
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref33
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref33
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref34
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref34
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref34
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref34
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref34
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref35
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref35
http://refhub.elsevier.com/S2666-5727(20)30003-1/sref35

	Catheter related atrial thrombosis in an infant: A case report and review of the literature
	1. Introduction
	2. Case report
	3. Discussion
	3.1. Prevalence rate
	3.2. Clinical presentation
	3.3. Risk factors
	3.4. Diagnosis
	3.5. Management
	3.6. Prophylaxis
	3.7. Recurrence
	3.8. Screening

	4. Conclusion
	Human rights

	Author contributions
	Funding status
	Declaration of competing interest
	List of abbreviations
	References


