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Chapterr 9 

Abstract t 

Backgroundd The majority of children with congenital heart disease (CHD) will undergo 
cardiacc catheterization and/or surgery, requiring the insertion of central venous catheters, 
usuallyy into the femoral veins. One of the acute complications is (a)symptomatic venous 
thrombosis,, Littl e is known about the incidence and severity of the long-term sequelae of 
thee thrombotic event, the postthrombotic syndrome (PTS). 
Methodss The lower extremities of 28 unselected children with CHD were investigated and 
classifiedclassified according to the criteria for PTS five to ten years after their first cardiac 
catheterization.. For the clinical criteria, all patients completed a questionnaire and 
underwentt a standardized physical examination of both legs. For the pathophysiologic 
criteria,, the presence of venous outflow obstruction and reflux was evaluated by color 
duplexx sonography in 24 of the 28 patients. 
Resultss Mild PTS was present in half the patients. Partial or complete occlusion of the 
investigatedd vein was found in four patients (\7c/c). In all patients studied, the venous 
valvess of the deep system were competent. 
Conclusionss PTS frequently occurs in children with CHD. Prospective studies seem to be 
justifiedd to investigate the precise incidence and potential risk factors for symptomatic or 
asymptomaticc venous thrombosis and subsequent PTS in these children. 

116 6 



Thee postthrombotic syndrome in children with congenital heart disease 

Introductio n n 

Overr the last three decades, improvements in diagnostic methods, medical treatment and 
surgicall  procedures for congenital heart disease (CHD) have increased survival rates of 
affectedd children. Whereas in the 1950s only 10 to 15% of children with CHD survived 
untill  puberty, nowadays more than 85% will reach adulthood.1 ! Success is not only related 
too longevity, but also to quality of life. Morbidity in this patient group will predominantly 
bee determined by the long-term problems of the diagnostic and/or therapeutic 
interventions22 \ such as arrhythmias, aneurysm formation, endocarditis, replacements of 
prostheticc valves and/or extracardiac conduits, psychosocial or neurologic abnormalities, 
andd finally postthrombotic syndrome (PTS) due to venous thrombosis. 

Venouss thromboembolic complications may develop as a consequence of altered 
hemodynamics,, prosthetic materials, surgically damaged blood vessels and 
cardiopulmonaryy bypass. The insertion of central venous catheters, which are used during 
cardiacc catheterizations, cardiac surgery and the post-operative period, is a major 
procoagulantt trigger of venous thrombotic disease. After cardiac catheterizations, 
asymptomaticc obstruction of the femoral, iliac or inferior caval vein was found in up to 
22%% of the children.'1" However, symptomatic leg vein thrombosis was reported in only 
0.11 to 0.5% of the catheterized children.'J '" Few studies have been published about venous 
thrombosiss in pediatric cardiac surgery. After open-heart surgery in patients aged 2 to 13 
years,, a prospective study showed an incidence of 20% of clinically silent catheter-related 
thrombosiss in the jugular vein by echocardiography." This incidence might be higher, as 
neonatess were not included in this study and they are more prone to develop post-
operativee venous thrombosis than older children.12 The incidence of symptomatic catheter-
relatedd venous thrombosis after open-heart surgery was reported to be 1.1%.12 This means 
thatt most of the catheter-related venous thrombi in children with CHD are asymptomatic, 
andd therefore not treated. 

Onee of the long-term sequelae of venous thromboembolic disease is PTS." The 
syndromee consists of pain, swelling, pigmentation, and sometimes ulceration of the leg. 
PTSS is caused by persistent outflow obstruction due to residual thrombosis and valvular 
insufficiency,, which causes reflux of blood and inefficient functioning of the calf muscle 
pump,, leading to venous hypertension. It usually occurs several years after the 
developmentt of venous thrombosis.14 Untreated thrombosis leads to PTS in nearly all adult 
patients.. By contrast, the incidence is 30 to 60% after adequate anticoagulant treatment.111!' 
PTSS may cause considerable morbidity. Studies concerning PTS in children with CHD are 
sparse.. After a follow-up period of 10 to 16 years, one study reported the development of 
clinicall  PTS in one out of 10 children under two years of age after cardiac catheterization 
withh ligation of the femoral vein.r 

Inn the present study we assume that PTS in children with CHD is a complication 
off  asymptomatic venous thrombosis developed during or shortly after cardiac 
catheterization,, cardiac surgery and/ or a subsequent stay in the pediatric intensive care 
unit.. As a consequence, an accurate estimate of the incidence of PTS provides an indirect 
indicationn of the minimum incidence of asymptomatic venous thrombosis in these 
children.. The severity of PTS was classified according to both clinical and 
pathophysiologicc criteria for chronic venous disease. 
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Methods s 

Thiss study was performed in children with CHD five to ten years after their first venous 
cardiacc catheterization. In the period 1988 - 1992. a total of 354 cardiac catheterizations 
weree performed in our department. In 169 patients, it was the first venous cardiac 
catheterization.. At follow-up. 26 of these patients had died and 35 could not be traced. At 
random,, using a table of random numbers, 40 out of the remaining 108 children were 
invitedd to participate in the study. Informed consent was given by 28 patients and their 
parentss (KWc). Twelve patients refused to participate. 

Clinicall  information about participating and non-participating patients was 
obtainedd from the medical records. It related to gender, type of congenital heart defect, 
agee at first cardiac catheterization, number of cardiac catheterizations and operations, site 
off  insertion of catheters, technique used to insert catheters and the occurrence of clinical 
signss and symptoms of venous thrombosis after cardiac catheterization, surgery and stay 
onn the pediatric intensive care unit. 

Thee right and left lower extremities of the participating patients were classified 
accordingg to both clinical and pathophysiologic criteria as described. 18 The clinical 
classificationn scored PTS objectively as absent in the case of class 0 (no visible or 
palpablee abnormalities), mild in the case of class 1 to 3 (telangiectases, reticular veins. 
malleolarr flare, varicose veins, edema), moderate in case of class 4 (skin changes ascribed 
too longstanding venous disease, such as pigmentation, venous eczema, 
lipodermatosclerosis)) and severe in case of class 5 or 6 (skin changes as described in class 
44 with healed or active ulceration). To obtain these objective clinical criteria, the patients 
underwentt physical examination of both legs by a single physician who was completely 
unawaree of the prior medical history. Furthermore, each patient was asked about subjective 
symptomss e.g. lower extremity heaviness, pain, itching or daily impairment. 

Thee pathophysiologic classification was assessed in 24 of the 28 patients. Two 
patientss refused to participate in the duplex studies. In two patients duplex studies were 
technicallyy unfeasible due to spasticity. To study the presence of venous outflow 
obstruction,, as well as the presence of venous reflux, color duplex scanning studies were 
performedd by two experienced investigators, using a 5 MHz transducer (Hewlett Packard 
Sonoss 2000, Andover, Mass., USA). The common femoral, external and common iliac and 
inferiorr caval vein were investigated for residual thrombosis. These veins can be damaged 
andd become thrombosed by the catheters during and after cardiac catheterization and/or 
surgery.. Residual thrombosis was either directly visualized by partly or completely fillin g 
thee vein lumen, or indirectly detected by diminished flow or no flow in a partly or totally 
incompressiblee vein (B-mode image). The criterion for valvular incompetence of the deep 
venouss system was a venous reflux of more than 0.5 seconds'" in the common femoral, 
profundaa femoral, superficial femoral and the popliteal vein. The patients were studied in 
thee standing position, and the studied leg was non-weight bearing. A cuff was placed 
underr the knee to investigate reflux in the common femoral, profunda femoral and 
superficiall  femoral vein, and above the ankle to investigate reflux in the popliteal vein. 

118 8 



Thee postthrombotic syndrome in children with congenital heart disease 

Results s 

Tablee 1 shows the baseline clinical characteristics of participating and non-participating 
patients.. No large differences could be found between the participating and non-
participatingg patients in terms of gender, age at time of first cardiac catheterization, 
numberr of cardiac catheterizations, number of cardiac operations, and methods of 
introductionn of catheters during cardiac catheterizations. 

Tablee 1, Baseline clinical characteristics of participating and non-participating patients five to ten 
yearss after their first cardiac catheterization 

Participatin g g 

patients s 
Non-participating Non-participating 

patients s 

Number r 

Genderr (male / female) 

Timee between first cardiac catheterization and 

postthromboticc syndrome study (mean / range) 

Agee at time of first catheterization (mean / range! 

Numberr of cardiac catheterizations (mean / range) 

Cutdownn or percutaneous technique used 

inn all catheterizations (n / n ) 

Numberr of cardiac operation (mean / range) 

28 8 

11 : 1 

8.99 years / 

77 to 10 years 

25.88 months / 

22 days to lb years 

1.44 / 1 to 4 

44 / 35 

1.3/00 to 4 

11 : 1.4 

99 years / 

77 to 10 years 

49.44 months / 

22 days to 13 years 

1.2// 1 to 2 

2 // 12 

1.4/11 to 3 

Accordingg to the medical records, none of the 28 study participants had 
developedd clinical signs or symptoms of venous thrombosis after cardiac catheterization, 
cardiacc surgery or the subsequent stay on the pediatric intensive care unit. As a 
consequence,, none of the participants were treated with anticoagulant therapy for 
thrombosis.. They all received unfractionated heparin during cardiac catheterization (10-20 
IU/kg/hr)) and cardiopulmonary bypass (  250 IU/kg as a bolus injection). 

Mil dd clinical PTS was present in 14 patients (50%) (Table 2). Twelve patients 
presentedd with varicose veins and nine patients had increased calf circumferences, without 
pittingg edema. In all but one patient, the varicose veins were visible in the groin of the 
affectedd leg. Five of the 14 patients had subjective symptoms and complained about 
heavinesss or pain in the affected leg while standing, walking, or running. The remaining 
144 children did not meet objective or subjective criteria for PTS. 

Inn four of the 24 studied patients (\17() partial or complete obstructions of the 
venouss system were seen with duplex scanning (Table 2). None of the studied patients had 
venouss reflux in the deep venous system. 
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Discussion n 

Inn this study, we assume that PTS in children with CHD is a complication of 
asymptomaticc venous thrombosis developed during or shortly after cardiac catheterizations 
and/orr surgery. Because of the retrospective nature of the study, other causes of chronic-
venouss disease, such as primary varicose veins and congenital abnormalities, cannot be 
ruledd out. Primary varicose veins are, however, rather uncommon in children. Another 
disadvantagee of the retrospective design is the fact that it is impossible to detect the 
precisee moment and the risk factors for venous thrombosis and the subsequent PTS. Most 
childrenn had PTS of the right leg. In the majority of cardiac catheterizations the catheters 
weree inserted in the right femoral vein. Patient 2 and 5 had PTS of the left leg, while 
catheterizationss had been performed using the femoral vein of the right leg. In these 
children.. PTS could have been developed because of the insertion of central venous 
catheterss during and after cardiac surgery. However, littl e data could be retrieved from the 
medicall  records about the precise localization of central venous catheters during and after 
surgery.. Another potential weakness of our study is the limited number of patients 
included.. Twelve out of the 40 children chosen at random did not want to participate. This 
iss unlikely to have influenced the results as no major differences in patient characteristics 
couldd be found between the participants and non-participant group. 

Thee present study showed that half of the children with CHD developed clinical 
PTSS five to ten years after their first cardiac catheterizations. The affected patients 
presentedd with increased leg circumferences and / or varicose veins. Although all cases of 
PTSS were mild and revealed no deep venous valvular reflux, morbidity might be 
significant.. Firstly, the varicose veins in most of the patients were large and there is 
thereforee a risk of complications in the form of hemorrhages or thrombophlebitis in the 
future.2""  Littl e is known about the effect of pregnancy on these large varicose veins. In 
onee small study performed in women with varicose veins and reflux, duplex scanning 
showedd dilatation of all lower extremity veins with increasing gestation. The velocity of 
refluxx increased while the duration decreased. In the puerperium, all changes returned to 
pre-pregnancyy levels.21 Secondly, about one fifth had subjective symptoms and complained 
aboutt pain or heaviness in the affected leg while standing, walking, or running. 
Furthermore,, in 1 lck of the investigated children, partial or complete obstructions of the 
venouss system of the lower extremities were found. These abnormalities of the venous 
systemm may be prone to recurrent venous thrombosis, especially in periods of 
hypercoagulability,, and cause difficulties with venous access using central venous 
catheters. . 

Inn all patients with mild clinical PTS. the venous valves of the deep venous 
systemsystem were competent. The superficial system was not investigated. The presence of 
superficiall  reflux may also contribute to clinical symptoms and signs of chronic venous 
disease.::: However, adult patients with chronic venous disease after thrombosis usually 
havee deep reflux only or a combination of deep and superficial reflux.2'24 There is no data 
availablee about valvular incompetence and chronic venous disease in children after venous 
thrombosis.. It is possible that, in children, collaterals develop faster and are more 
extensivee than in adults, resulting in less severe outflow obstruction and venous 
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hypertension,, with no dilatation of veins and no separation of valve cusps. The young 
strongg vein wall of children may contribute in this respect. In that case, valve 
incompetencee would mainly occur as result of retraction, fibrosis and the direct 
inflammatoryy effect of the thrombus on the valve. In children with CHD, asymptomatic 
thrombii  developed after the insertion of central venous catheters are probably small and 
situatedd in the proximal veins such as the iliac and femoral veins. The iliac veins usually 
havee no valves and the femoral veins have relatively fewer valves than the distal veins of 
thee lower extremity. Apparently, the asymptomatic thrombi did not damage the proximal 
valves. . 

Inn conclusion, this retrospective study showed a high incidence of mild clinical 
PTSS and abnormalities of the venous system in children with CHD. As morbidity might be 
significant,, these results warrant a larger prospective study, determining the incidence and 
potentiall  risk factors of asymptomatic venous thrombosis and subsequent PTS in children 
withh CHD. When the incidence of asymptomatic venous thrombosis and its complications 
wil ll  appear to be as high as the present study suggests, prophylactic anticoagulation 
therapyy might be indicated in at-risk situations. 
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