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Abstract  

Central venous catheters (CVCs) are the major cause of thrombosis in acutely unwell neonates and 

children. This thesis reports the outcomes of a prospective study of 189 children in a paediatric 

intensive care unit (PICU) that aimed to determine the frequency of asymptomatic CVC-related 

thrombosis during hospital admission, and the incidence of residual CVC-related thrombosis and 

clinically significant post thrombotic syndrome (PTS) two years following CVC placement. The study 

also sought to identify risk factors predictive of CVC-related thrombosis and clinically significant PTS 

and determine the utility of ultrasound screening for asymptomatic CVC-related thrombosis in acutely 

unwell children. This study is distinct from previous work as children in this cohort identified to have 

asymptomatic CVC-related thrombosis were not treated and were followed for two years to 

determine the natural history of asymptomatic thrombosis.  

 

The incidence of asymptomatic CVC-related thrombus during hospital admission was 21.2% (n=31), 

despite over 80% of the cohort having received thromboprophylaxis. One child had a symptomatic 

CVC-related thrombosis. Sixteen children had new or residual thrombus identified on the follow-up 

ultrasound, performed a mean of 26 months post CVC placement. Of 126 PTS assessments completed 

at follow-up, 10.3% of children were diagnosed with mild PTS as classified by both the Manco-Johnson 

instrument and Modified Villalta scale. Only two children were identified to have clinically significant 

PTS (Manco-Johnson instrument only), one of whom had a symptomatic CVC-related thrombosis.  

 

Whilst over one fifth of the cohort had asymptomatic CVC-related thrombosis, only one of these 

children developed clinically significant PTS. There were no clinical embolic phenomenon or deaths 

attributable to CVC-related thrombosis. These findings suggest that ultrasound screening for 

asymptomatic CVC-related thrombosis is not indicated in children in PICU as, despite no treatment (in 

all but one child), the incidence of any thrombosis-associated morbidity was extremely low. In 



iii 

 

addition, the study’s findings support previous evidence that thromboprophylaxis provides no 

protection against CVC-related thrombosis in children.  

 

Neither D-dimer nor Factor VIII were predictive of CVC-related thrombosis. However, this study 

identified that children with femoral CVCs had a significantly higher incidence of residual thrombosis 

and thrombosis-associated morbidity. Children with femoral CVCs were also significantly more likely 

to have a higher PIM2 probability of death, cardiac arrest, hypotension, elevated D-dimer and Factor 

VIII compared to children with jugular CVCs. Whether the placement of the CVC in the femoral veins 

or the apparent higher acuity of this sub-group of patients is the mediator of increased risk (residual 

thrombosis and morbidity) compared to jugular CVC placement remains unclear.  

 

This study contributes novel insights into the natural history of asymptomatic CVC-related thrombosis, 

demonstrating a very low morbidity associated with jugular CVC placement. This study informs future 

clinical research targeting children most at risk of long-term CVC-related thrombosis associated 

morbidity. Specifically, further investigation of similar cohorts of children to those in whom femoral 

CVC placement occurred in this study is needed to elucidate risk factors for poor outcomes and the 

potential for a risk stratified approach to the treatment of asymptomatic CVC related thrombosis.   
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CHAPTER 1 - LITERATURE REVIEW 

 

1.1 Introduction  

There has been an increase in the use of central venous catheters (CVC) for the treatment of children 

with serious acute and chronic illnesses, especially in paediatric intensive care unit (PICU) across the 

last decade (1). A CVC is an intravenous line placed directly into one of the large central veins, which 

then delivers fluids and medications via the central circulation, allowing for larger volumes to be 

administered and facilitating rapid metabolism. The role of CVCs in PICU is indisputable as they 

facilitate the delivery of fluids, medication and blood products directly into the central circulation, and 

also assist in monitoring central venous pressure in the critically ill child. The use of CVCs has been 

instrumental in improving the chance of survival and reducing the morbidity associated with severe 

illness in infants and children (2). Children with complex and chronic underlying disease often rely on 

CVCs for essential medical treatment, yet CVCs are associated with multiple complications, including 

infection, line occlusion, dislodgement and venous thromboembolism.  

 

Central Venous Catheters are the major cause of venous thromboembolism (VTE) in children and 

neonates. The clinical outcomes of CVC-related thrombosis can be serious and significant for the child. 

Consequences of CVC-related VTE include line failure and requirement for repeated CVC replacement, 

treatment with anticoagulation or thrombolytic therapy, pulmonary embolism (PE) and post-

thrombotic syndrome (PTS) (2). The current trend is to give anticoagulant treatment for the 

management of both symptomatic and asymptomatic CVC-related VTE. The  trend to treat 

asymptomatic CVC related VTE stems from concern regarding the potential for paradoxical emboli and 

stroke and the risk of clinically significant post thrombotic syndrome (PTS)(3). Despite this trend, 

routine screening for CVC-related VTE is not advocated, and the true rate of complications (either 

short or long term) from asymptomatic CVC-related VTE is unknown. Hence, the risk benefit ratio of 
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exposing sick children to anticoagulant therapy is unknown (4). This literature review is a critical 

discussion of the evidence currently used to inform the diagnosis, management and outcomes of CVC-

related VTE in children.  

 

This literature review includes a discussion of the haemostatic and thrombo-protective mechanisms 

present in the coagulation system of neonates and children and explores the consequential incidence 

of VTE and CVC-related VTE in children. Risk factors for VTE, diagnosis of symptomatic and 

asymptomatic VTE, recurrence, complications and long term outcomes of VTE in children, such as post 

thrombotic syndrome, are discussed in detail.  

 

1.2 Search Strategy 

The literature was searched using three databases: Medline, Cinahl and PsycINFO. The key search 

terms used in each database were catheterization, central venous catheters, indwelling, postphlebitic 

syndrome, postthrombotic syndrome, thrombosis, upper extremity deep vein thrombosis, venous 

insufficiency and venous thrombosis. Various combinations of the search terms were used to narrow 

the search to identify journal articles that were specifically related to the thesis topic. The search terms 

were restricted to children aged less than 18 years and to articles published in English between 

January 1990 and December 2013. Reference lists of retrieved articles were searched and articles not 

identified in the database search were also included in the review. The incidence of venous 

thromboembolism and post thrombotic syndrome in adult populations was also reviewed when 

reported in systematic reviews and meta-analyses.   

 

The restriction to a review of articles published before 2014 was applied as the literature review was 

completed by the end of December 2013. Only literature pertinent to the study design was included 



28 

 

in this review. Any relevant literature published subsequent to this time is considered in the discussion 

chapter.  

 

1.3 Haemostasis 

Haemostasis refers to the complex interactions between proteins within the blood that act to maintain 

the blood’s normal composition and protect the body from excessive bleeding or thrombosis (5). 

When an injury to a blood vessel occurs, three sequences of action are triggered by the body to ensure 

haemostasis returns (6). The first action is vasoconstriction of the blood vessel to minimise blood flow 

to the area and consequential blood loss. The second action is the formation of a platelet plug at the 

injury site. Platelets adhere to the collagen fibres that are exposed in the blood vessel wall and the 

platelets continue to converge at the site until a platelet plug is formed and bleeding is stopped.  The 

third action is the propagation of a fibrin clot which is initiated by the release of tissue factor (TF) from 

the injured endothelial cells that leads to the production of thrombin and then fibrin molecules which 

cover the injury site and form a more permanent mesh-like thrombus (5, 6).  With the injury site 

repaired by the strong fibrin thrombus, the integrity of the blood vessel wall and haemostasis are re-

established. (5, 6).   

 

Once the endothelial cells regenerate to repair the site of injury permanently, the temporary fibrin 

thrombus is broken down by the process of fibrinolysis.  Fibrin itself stimulates the release of tissue 

plasminogen activator (tPa) from the endothelial cells, which attaches itself to plasminogen in plasma 

(7). The combination of fibrin, tPa and plasminogen produces plasmin, which is responsible for the 

degradation of the fibrin thrombus (7). These proteins involved in fibrinolysis also help to ensure that 

the activated coagulation factors are appropriately inactivated after the production of the initial fibrin 

thrombus (5, 7).  
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The role of tissue factor (TF) in stimulating the activation of coagulation has been acknowledged for a 

long time, however early explanations of coagulation and haemostasis presented the mechanism as 

occurring on an extrinsic and intrinsic pathway, where the coagulation factors themselves propelled 

haemostasis (8). Experiments conducted between the 1970s and the 1990s produced knowledge of 

the “cell-based model of coagulation” which describes restoration of haemostasis as three 

simultaneous and overlapping phases of action, all mediated and occurring on different cell surfaces.  

The three phases described in the cell-based model are initiation, amplification and propagation 

(Figure 1.1). Initiation occurs on a TF bearing cell, which occurs outside the vasculature or outside an 

intact vessel wall and produces small amounts of thrombin (8). Amplification is initiated by vessel wall 

damage which means that existing thrombin outside the vessel wall now comes into contact with 

platelets, factor VIII and vonWillebrand factor (vWF). The thrombin fully activates the platelets as they 

form a plug at the site of the vessel injury and factor V, factor VIII and vWF are also activated. At this 

point propagation begins on the surface of the activated platelets when the factor IXa and factor VIIIa 

complex activates factor X to Factor Xa and it immediately produces large amounts of thrombin 

through the factor Xa and Factor Va complex (8). The large amounts of thrombin consolidate the 

platelet plug and produce a fibrin clot. The cell-based model has become the preferred conceptual 

model of haemostasis as the interactions between the surface of the cells and the coagulation factors 

helps to explain “bleeding and thrombosis in vivo” (8) p.17. 
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Figure 1: A Cell-based model of coagulation: (a) initiation, (b) amplification, (c) propagation (9).  
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1.4 Developmental Haemostasis 

Haemostasis relies on a steady plasma concentration of coagulation proteins; both proteins that 

inhibit coagulation and those proteins that stimulate coagulation. In healthy adults, plasma 

concentrations of the coagulation proteins maintain a steady concentration (10). However, in children 

plasma levels of coagulation proteins change with age, a process known as developmental 

haemostasis (11-13).  The normal reference ranges for plasma protein concentrations are dependent 

on both gestational age and postnatal age of an infant and whilst some concentrations progress to 

near adult levels during infancy, others do not reach a steady state until adolescence (11, 12).  

 

Of the procoagulant factors, both the vitamin K factors (II, VII, IX, X) and the contact factors (XI, XII, 

pre kallikrein [PK] and high molecular weight kininogen [HK])  are significantly lower than adult values 

at birth, with a greater than 70% difference in mean values  (12). However, the other procoagulants, 

fibrinogen, factors VIII and XIII and vWF have a 70% increased concentration at birth, compared to 

adults (12). The inhibitors of coagulation, protein C, protein S, antithrombin  and heparin cofactor II 

are more consistent, in that all inhibitors are low at birth compared to adult values (12). Yet, healthy 

newborns do not have an apparent increased risk of thrombosis. Some research suggests that the 

significantly increased concentration of the protein, alpha 2 macroglobulin at birth (a secondary 

inhibitor of coagulation), is responsible for maintaining haemostasis and counteracting the low levels 

of antithrombin in the newborn. Alpha 2 macroglobulin concentration continues to increase over the 

first 6 months of life to be twice adult values (12).  

 

Due to the differences in the haemostatic system in the early post-natal period and the changes that 

occur in infancy, the risk profile for bleeding and thrombotic complications in the newborn population 

is significantly different to that of adults (11).  Thus subtle changes in plasma concentrations of either 

procoagulant factors or inhibitors that may occur in sick neonates, changes the risk of bleeding and 
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thrombosis and the anticoagulation management decisions.  The difference in plasma concentration 

of coagulation proteins normalises towards adult values during childhood and the differences are 

often less clinically significant than in newborns (14). Yet, the role of developmental haemostasis and 

an understanding of normal age-related references ranges must be considered in the treatment and 

prevention of venous thromboembolic events in children of all ages.  

 

1.5 Pathophysiology of Venous Thrombosis  

A thrombus is the deposit of abnormal amounts of fibrin within a blood vessel. In addition to fibrin, 

venous thrombi are composed of erythrocytes, platelets and leukocytes (6, 15). Thrombotic events 

generally occur in response to a change in blood flow through the vessel, such as blood stasis, slow 

blood flow or turbulence. Virchow’s triad, first described in 1856, refers to changes in blood flow, 

blood composition and the integrity of the vessel wall as the three components contributing to the 

development of venous thrombosis. More recently, evidence suggests that the presence of a 

combination of two of these factors conveys a more significant risk of venous thrombosis than one 

factor alone (6, 15). Alterations in the blood composition also contribute to an increased risk of venous 

thrombosis. The term, hypercoagulability often refers to changes in blood composition that increase 

the likelihood of thrombus formation (15). Dehydration, high haematocrit, polycythaemia, cyanosis, 

disease states, acquired abnormalities in coagulation factors or the development of pro-thrombotic 

antibodies, such as the anticardiolipin antibody, all contribute to a state of hypercoagulability. Damage 

to a vessel wall causing endothelial injury, such as the insertion of venous catheters, has been shown 

to contribute to an increased risk of thrombus (16).  

 

Complete blood vessel obstruction caused by a venous thrombosis has both acute and chronic 

consequences for the patient. Acutely, the risk of progression of the thrombosis and venous 

thromboembolism are high with pulmonary embolism the most significant sequelae (17). Embolism 
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of a thrombus to the lung (pulmonary embolism) and/or brain (stroke) have a high risk of mortality in 

an already compromised patient with acute illness (17). Treatment with anticoagulation minimises the 

risk of thromboembolism by helping to stabilise the thrombus and promotes recanalisation of the 

vessel.  Anticoagulation therapy, however,  confers an increased risk of bleeding, especially in the 

setting of existing morbidity and has associated long-term lifestyle implications (18). The longer term 

risks following an acute VTE include reoccurrence, progression of the thrombus or thromboembolism 

and the development of post thrombotic syndrome (PTS)(18).   

 

 

1.6 Venous Thromboembolism 

1.6.1 Incidence of Venous Thromboembolism in Adults 

Venous thromboembolism (VTE) within the adult population represents a significant cause of 

morbidity and mortality. The estimated annual incidence of VTE in the United States of America (US) 

is one to two cases per 1000 population or approximately 900,000 patients per annum based on a 

population-based incidence study (19, 20). In Australia, data suggests a VTE incidence of 0.74 per 1000 

per annum, as reported by the Australian Institute of Health and Welfare in 2008 (21). Autopsy data 

from the US and Australia from population based epidemiological studies both suggest that VTE 

related mortality is estimated as 10% but may be as high as 30% in the US (19-21). Pulmonary 

embolism (PE) is associated with a greater risk of mortality than deep vein thrombosis (DVT), with 

symptomatic PE placing patients at a twofold  risk of death compared to patients presenting with 

symptomatic DVT (17, 19, 22). Importantly, approximately 50% of patients presenting with 

symptomatic DVT are found to also have asymptomatic PE following diagnostic imaging. Additionally, 

between 30-70% patients presenting with symptomatic PE also have asymptomatic DVT (17, 19, 22).  
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Following VTE, the risk of recurrence may be as high as 30%, as determined in a prospective study of 

355 patients followed over an eight year period (23, 24). Recurrence of VTE within the first year of 

diagnosis has been reported to vary from 7% to 12.9% (24). The literature has not determined those 

patients at greatest risk of recurrence; it is debated whether type of VTE at presentation, e.g. PE or 

DVT, whether the VTE is distal or proximal and the extent of the thrombus are predictive of recurrence 

in adults (22). However,  multiple large randomised controlled trials (RCTs) and population based 

studies have confirmed   that patients with transient risk factors, such immobility and surgery, are at 

a lower risk of recurrence compared to patients with idiopathic VTE or those with ongoing malignancy 

(17). A patient-level meta-analysis conducted using prospective studies of over 2500 patients found 

that patients with symptomatic PE or symptomatic DVT had a similar rate of recurrence, 22% and 

23.2% respectively (22). Furthermore, patients presenting with symptomatic PE had a threefold risk 

of recurrent PE compared to patients presenting with proximal DVT (22).  

 

The list of risk factors for VTE in adults is extensive. Advancing age, a past history of VTE, recent surgery 

or trauma, prolonged immobility,  active cancer  and chronic heart failure are the most common risk 

factors reported throughout the literature (19, 25). Experts do however highlight that each risk factor 

for VTE presents a similar risk and thus individual assessment of patients and their collective risk 

factors is most important in determining the need and type of thromboprophylaxis required (25). 

Given the high rate of mortality associated with PE, the high incidence of recurrence and the long term 

morbidity associated with VTE, prevention of VTE and recognition of patients with multiple risk factors 

is becoming a healthcare priority across the world (19, 25).     

 

Up to half of adults with VTE will go on to develop post thrombotic syndrome (PTS) (26). PTS is 

characterised by pain, swelling, heaviness, discolouration and cramping or poor exercise tolerance in 

the affected limb (27). One fifth of patients with VTE will develop severe PTS, which manifests as 
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chronic pain, oedema and leg ulcers (28). In the above mentioned prospective cohort study by 

Prandoni et al. (1996), 29% of patients had classic PTS, eight years following their incident VTE (23). 

Recurrent DVT was associated with a sixfold increase in the risk of PTS in this cohort (23). The negative 

impact of PTS on quality of life among adults has been well documented. Adults with PTS experience 

poor exercise tolerance, chronic pain and physical disfigurement in severe cases (28). Quality of life 

has been reported to decline over time and be further impacted in adults requiring lifelong 

anticoagulation (20, 29). The long term repercussions of VTE are amplified in children and infants, as 

the management of anticoagulation is more challenging and physical symptoms of PTS are similarly  

lifelong meaning they extend for decades from the original event (30).  

 

1.6.2 Incidence of Venous Thromboembolism in Children 

The incidence of VTE in the paediatric population is significantly lower than in adults, with reports 

suggesting it may be as low as 0.07 cases per 10,000 children (16). Children are known to have reduced 

thrombin generation and increased amounts of alpha 2 macroglobulin which inhibit thrombin. These 

two mechanisms are likely to be thrombo-protective during infancy and childhood (16).Infants less 

than one year of age and teenagers remain the two populations of children most at risk of VTE, albeit 

that risk remaining much less than adults. (16, 31). However, a retrospective cohort study of paediatric 

VTE across 40 US tertiary centres revealed that the rate of VTE in children increased by 70% across a 

seven year period (1). Prior to this study, the rate of VTE in hospitalised children, based on data from 

a Canadian Registry, was 5.3 cases per 10,000 admissions. Results from Raffini et al’s (2009) study, 

taken from the Pediatric Health Information System database, reports the rate of VTE admissions 

increased from 34 cases per 10,000 admissions in 2001 to 58 cases per 10,000 admissions in 2007. 

This increase in VTE admissions was consistent across all age groups (1).  
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The higher incidence of VTE in paediatric populations in the last decade is perhaps indicative that 

children now have exposure to multiple risk factors for VTE during their hospitalisation (32).  Survival 

from previously fatal paediatric diseases has improved, and with that, complications from invasive and 

intensive medical treatment, such as VTE, become a more significant issue (31).  Similarly, increased 

surveillance and imaging options may be resulting in a higher rate of diagnosis of asymptomatic and 

previously unknown VTE. The long-term outcomes for children with asymptomatic VTE are yet to be 

determined. However, understanding the causes and risk factors of VTE in children and the inter-play 

of developmental haemostasis is crucial to minimising the incidence and long term impact of VTE in 

the paediatric population.    

 

1.6.3 Risk Factors for VTE in Children 

Literature indicates that infants and children with VTE are usually exposed to multiple risk factors, 

many of which are a consequence of their underlying disease. Cancer (and specifically asparaginase 

therapy), congenital heart disease, trauma, surgery and systemic lupus erythrematosus are the 

commonly reported underlying disorders present in children diagnosed with VTE (2, 16, 31, 33, 34). 

The presence of a central venous catheter (CVC) is the most significant risk factor for VTE in children; 

regardless of other underlying disorders, infection or thrombophilia (35-41). This has been established 

from registries of VTE in children Canada and the Netherlands and confirmed by cross-sectional and 

prospective studies of children with CVC-related VTE (37-41).  The presence of a CVC as well as other 

risk factors may be associated with early VTE onset  and more extensive VTE (35).   

 

While clinical risks factors are clearly the most important factors for children, there is always much 

interest in the question of inherited thrombophilia. Thrombophilia screening involves testing for 

congenital deficiencies in naturally occurring anticoagulants, such as antithrombin, protein C, protein 

S and the Factor V Leiden mutation, associated with an increased risk of thrombosis (22, 42).  There is 
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debate in the literature about the role of thrombophilia testing in children diagnosed with a VTE, when 

the majority of VTE in children are associated with clinically acquired risk factors (2, 34, 42, 43). 

Thrombophilia screening in children diagnosed with an unprovoked VTE is generally justified and 

screening is performed either prior to the commencement of anticoagulation therapy or three to six 

months following completion of therapy (42, 44). The need for thrombophilia screening in children 

with VTE that is secondary to their underlying disease and/or a CVC is less certain. This controversy 

arises from evidence suggesting that the occurrence of paediatric thrombosis in families with known 

congenital deficiencies (of antithrombin, protein C and protein S and factor V Leiden mutation) is 

extremely rare (42, 45, 46). Thus, if known clinical risk factors are present, the likelihood of inherited 

thrombophilia contributing to the development of VTE is minimal (44, 47). Furthermore, knowledge 

of inherited thrombophilia does not influence the acute management of paediatric VTE (36, 44). The 

only exception to this, is when conditions such as severe protein C, protein S or antithrombin 

deficiency are suspected (36, 44). The ACCP Evidence-based Clinical Practice Guidelines state that “the 

presence or absence of thrombophilia should not influence decisions about the duration or intensity 

of anticoagulation” (36)(p 776). Importantly, patient and family concerns regarding VTE reoccurrence 

and preference for the duration of anticoagulation therapy for VTE when a child has been diagnosed 

with an inherited thrombophilia should be taken into consideration (36).  

 

Studies of unselected children with VTE have demonstrated varying rates of inherited thrombophilia, 

ranging from 13% to 78.6% (47). Notable differences in the patient populations between the studies 

may explain the variation in the prevalence of inherited thrombophilia. For example, the European 

studies having a higher proportion of older children and children with spontaneous VTE (41, 46, 48). 

Comparatively, the North American studies report a high proportion of younger children with clinical 

risk factors for VTE (underlying medical condition and/or CVC) (43, 47).  A meta-analysis published in 

2008 examined the impact of inherited thrombophilia on the risk on thrombosis in children, collating 
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data from nine studies (49). Whilst the grade of evidence to inform this meta-analysis is low (case 

series, cohort studies and case control studies), the analysis demonstrated that the presence of the 

factor II variant or two or more genetic traits significantly increased the risk of symptomatic 

thrombosis (OR 8.89 95% CI3.43 to 23.06) (49). Young et al. (2008) also reported that the presence of 

Protein C deficiency, protein S deficiency, antithrombin deficiency or factor II variant were associated 

with an increased risk of recurrent VTE in children, with the “odds ratios (OR’s) ranging from 1.88 (95% 

CI 1.01 to 3.49) for factor II variant to 3.76 (95% CI 1.76 to 8.04) for protein S deficiency” (p.1377).  

 

Thrombophilia testing is perhaps more strongly indicated in the setting of recurrent or idiopathic VTE. 

The association between inherited thrombophilia and recurrent VTE in children has been explored, 

with great variation in results reported in the literature. A prospective study of 100 children with 

unselected VTE, reported that only three of eleven children with recurrent thrombosis had inherited 

thrombophilia (48). None of the children with idiopathic VTE in this study were reported to have 

inherited thrombophilia (48). Similarly, in a Canadian prospective study of 171 children, only two 

children with recurrent VTE were found to have inherited thrombophilia. Importantly, all 18 children 

with recurrent VTE in this study had the same acquired risk factor that was present at the time of their 

initial VTE (47). A larger prospective study of 301 children with unselected VTE, had a recurrence rate 

of 21.3% (n=64). Nearly half of these children (n=31) had at least one genetic marker of thrombophilia. 

In children with more than one genetic marker, their risk of recurrent thrombosis was increased 10 

fold (50). Discussion of the recurrence of idiopathic VTE in children with thrombophilia is limited, as 

the number of patients reported in each study with idiopathic VTE is variable. Furthermore, 

comparison between studies is hampered by the heterogeneity of the samples (44). Current opinion 

leans towards conducting thrombophilia screening only in patients with no other risk factors for VTE, 

such as adolescents with spontaneous VTE. Further exploration of the association between inherited 
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thrombophilia and the pathogenesis of thrombosis in children is needed to inform future 

recommendation about the role of thrombophilia screening in children with VTE (44).  

 

1.6.4 Outcome Measures for Reporting Paediatric VTE  

Consistent with the adult literature, paediatric studies generally refer to VTE as located in the upper 

venous system, lower venous system or central nervous system. However, there is much variability in 

how the location of VTE is defined in the literature and what constitutes an upper or lower venous 

system thrombosis. In 2011, the Perinatal and Paediatric Haemostasis Subcommittee of the Scientific 

and Standardisation Committee (SSC) of the International Society on Thrombosis and Haemostasis 

(ISTH) published a position paper recommending standardised reporting of outcomes measure across 

paediatric VTE studies. The SSC thus defined VTE as deep venous thrombosis affecting venous drainage 

from limbs, right atrial thrombosis and pulmonary embolism (51). Recommended outcome definitions 

include primary and secondary outcome measures.  

 

Primary outcomes are defined as a composite of: (i) all recurrent VTE defined as either contiguous 

progression or non-contiguous new thrombus and including DVT, PE and paradoxical embolism and 

(ii) VTE-related mortality. Secondary outcomes include: (i) Each individual component of primary 

outcome; (ii) all-cause mortality; (iii) new symptomatic DVT ( including DVT progression); (iv) new 

symptomatic PE; (v) new paradoxical embolism; (vi) new asymptomatic DVT (including DVT 

progression); and (vii) PTS (51). 

 

The standardisation of such outcome measures represents a significant step towards enhancing the 

grade of evidence available by improving the rigour of paediatric clinical trials and clinical research. 

Extrapolation is limited from current evidence due to small numbers of paediatric patients 
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participating in single-centre studies, which use a mix of retrospective and prospective methods as 

well as a variety of therapeutic interventions to treat paediatric VTE (52).  

 

1.6.5 Location of VTE 

Table 1.1 has been constructed to display the variation in incidence and location of VTE in children 

across unselected cases of VTE, reported in registries and cohort studies. This table details studies that 

encompass all paediatric VTE, including provoked and unprovoked VTE. As it is widely acknowledged 

that the most common risk factor for VTE in children is the presence of a CVC, Table 1.1 presents the 

incidence of CVC-related VTE separate to other VTE (36, 43, 47). Studies exploring the specific 

incidence of CVC-related VTE in children will be presented in more detail later in this review.  
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Table 1.1: Studies of Unselected Cases of VTE in Children  

Study N Population Upper 

VTE 

Lower 

VTE 

CNS PE CVC-related VTE Length of 

Follow up 

Comments/ Other 

reported outcomes 

      Primary Secondary Upper  Lower    

Andrew et al. 1994 (37); 

Canada; prospective 

registry 

137 All VTE cases 50 79 - 8 14 39 6 Median 18 

months (6 

months to 3 

years),  

0.07/10000 children 

PTS  

Recurrence  

Monagle et al. 2000 (53); 

(40); Canada; prospective 

registry 

356 

 

All VTE cases   214 

60% 

 

142 

40% 

 

- 30 39 171/ 

241 

105\ 

241 

Mean 2.86 

years 

PTS 

Recurrence 

van Ommen et al. 2001 

(41); Netherlands; 

prospective registry 

99 All VTE cases 9 15 - 5 5 39 14 1 month to 1 

year 

0.14/10000  

Includes thrombophilia 

Reoccurrence 

Kuhle et al. 2003(54); 

North America; cross-

sectional 

153 All VTE cases 53 91 - n/a n/a 123 Median 16 

months (1 -159 

months) 

PTS , recurrence and 

thrombophilia 

Revel-Vilk et al. 

2003(47); Canada; 

prospective 

171 All VTE cases 169 (abdomen=31; 

right atrium=5; 

multiple =21) 

- 2 - 132 Not stated Recurrence, 

thrombophilia 
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Study N Population Upper 

VTE 

Lower 

VTE 

CNS PE CVC-related VTE Length of 

Follow up 

Comments/ Other 

reported outcomes 

      Primary Secondary Upper Lower   

van Ommen et al. 

2003(48); Netherlands; 

prospective registry 

100 All VTE cases 52 44 4 n/a n/a 57 Median 4 years 

(1-12 years) 

Includes 

thrombophilia, 

recurrence & PTS 

Revel-Vilk et al. 

2004(55); Canada; 

retrospective 

190 All VTE cases 52 

32* 

80 

 

 n/a n/a  Mean 7 months, 

median 3 

months (3 days 

to 6.6 years). 

Recurrence  

Goldenberg et al. 

2004(56); USA; 

prospective 

82 All VTE cases 63  4  24 Median 12 

months (3 

months to 5 

years) 

Factor VIII and 

D-Dimer, PTS & 

recurrence 

 

Newall et al. 2006(57); 

Australia; prospective 

95 All VTE cases 48 37 14 5 - 51 5 days to 4.2 

years 

8.0/10000 admissions 

PTS, recurrence 

Kreuz et al. 2006(46); 

Germany; case-control 

study 

103 All VTE cases 19 46 33 - 5 19** 5 Median 48 

months ( 24 to 

120 months) 

Multicentre, Includes 

thrombophilia & PTS, 

recurrence 

Schobess et al. 2006(58): 

Germany; Prospective 

80 All VTE cases 

treated with 

LMWH 

8 32 30 - - - - Median 24 

months (12 to 

60 months) 

Two centres, 

recurrence & PTS 
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Study N Population Upper 

VTE 

Lower 

VTE 

CNS PE CVC-related VTE Length of 

Follow up 

Comments/ Other 

reported outcomes 

      Primary Secondary Upper  Lower    

Sharathkumar 2008(59); 

USA; retrospective 

86 All VTE cases 32 23 23 n/a n/a 7/11 Mean 2 years 

(16 days to 10 

years) 

Thrombophilia, PTS & 

recurrence 

Demirel et al. 2009(60); 

Turkey; retrospective 

25 Neonates 16 2 - - - 12/18 

 

Nil  Includes 

thrombophilia 

7 arterial thrombosis 

van Elteren et al. 

2011(61); 

Netherlands; 

retrospective 

473

4 

Neonates 26 7  n/a n/a 29 2 months  

Higgerson et al. 

2011(62); USA: 

prospective 

665

3 

PICU patients 14 35 -  1 9 28 Nil  Multicentre; a further 

13 patients had VTE 

on admission 

Estepp et al. 2012(63); 

USA; retrospective  

149 All VTE cases 45 60 22 10 93 Mean 3.1 years 

(4 days to 8 

years) 

Thombophilia, 

recurrence,  

Key for abbreviations: VTE: venous thromboembolismCNS: central nervous system; PE: pulmonary embolism(*portal vein, inferior vena cava, aorta and renal vein 
** 2 from pulmonary embolism). Definition of upper and lower as per Van Ommen 2001 (41) – upper (RVT, portal, hepatic), lower (pelvic, IVC, iliac, popliteal).
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The sixteen studies presented in Table 1.1 all describe the incidence and location of radiological confirmed 

VTE in children, reported over a timeframe of twenty years. Six studies report retrospective data from cohorts 

as small as 25 patients to an assessment of nearly 4,800 neonates admitted to a neonatal intensive care unit 

(60, 61). Eight studies prospectively followed all children diagnosed with VTE at their respective institutions 

across varying lengths of time (37, 40, 41, 48, 53, 56-58). Length of follow up ranged from 5 days to 12 years 

following diagnosis of the VTE.  

 

Reports and descriptions of the location of VTE varied; some studies only categorised the VTE as located in 

the upper or lower venous system whilst other studies listed the exact location of the venous thrombosis. 

The discrepancies in the detail provided about the location of the VTE between studies makes summarising 

the literature difficult.  For the purposes of this review, upper venous system VTE included thrombosis within 

the subclavian, brachiocephalic, superior vena cava, right atrium, portal, hepatic and renal veins; lower 

venous thrombosis is inclusive of thrombosis in the pelvic vessels, inferior vena cava (IVC), iliac veins (internal 

and external) and popliteal veins.  All studies except for one delineated if VTE were located in the upper or 

lower venous system, either by dichotomising to upper or lower VTE or by detailing the exact location of the 

VTE (37, 40, 41, 46-48, 53-55, 57-64). One study described the location of the VTE as in the “extremities”, but 

did not specify the number of VTE in the upper or lower extremities (47). Six studies also reported VTE located 

in the central nervous system (CNS). Fourteen studies reported the incidence of CVC-related thrombosis and 

five of these studies also specified if the CVC-related VTE was located in the upper or lower venous system 

(37, 40, 41, 46-48, 53, 54, 56, 57, 59-64). Nine studies reported the incidence of pulmonary embolism (PE) 

and eight of these studies stated if the PE was primary or secondary (37, 40, 41, 46, 53, 56, 57, 61-63).  

 

  



45 

 

1.6.6 Asymptomatic Versus Symptomatic VTE in Neonates and Children 

Screening for VTE in hospitalised children is not routine clinical practice and thus VTE is mostly diagnosed 

after the appearance of clinical signs and symptoms (65, 66). There is however, a growing amount of 

literature that reports both asymptomatic and symptomatic VTE, diagnosed through screening in the context 

of prospective cohort studies (65, 67-69).  

 

Four studies described in Table 1.1 distinguished whether the diagnosed VTE were symptomatic or 

asymptomatic (41, 48, 60, 61). A retrospective study which aimed to determine the incidence, management, 

complications and outcomes of 32 neonates with thrombosis in the Netherlands,  found that 28 neonates 

were imaged for VTE due to the clinical status of the patient (61). In this study the indications for imaging 

were thrombocytopenia, ongoing sepsis, thalamus bleeding and obstruction of the CVC. These criteria are 

not routine indicators for suspected thrombosis in children and the justification for the use of these criteria 

was not provided (16). Four neonates in this study had their VTE diagnosed as a “chance finding”, however 

the presence of any other clinical signs and symptoms of thrombosis, such as oedema or redness, were not 

described (61). A similar study that aimed to examine the clinical risk factors and outcomes for neonates with 

VTE, retrospectively examined the records of 25 neonates with confirmed VTE (60). The authors reported 

that 11 patients (44%) had clinical signs or symptoms of VTE, including oedema, paleness, cyanosis or absent 

pulse of affected limb, hepatosplenomegaly, abdominal mass, haematuria, hypertension and purpuric skin 

lesions (60). In a registry of 115 children in the Netherlands with confirmed VTE, again designed to evaluate 

the incidence, signs and symptoms, risk factors and management of VTE,   32 of 37 neonates diagnosed with 

a CVC-related VTE were asymptomatic (41). In contrast, only 3 of 52 older children were diagnosed with 

asymptomatic VTE (41). The children that were symptomatic in this study displayed signs and symptoms such 

as pain, swelling, discolouration of the affected area, thoracic pain, tachypnoea, superior vena cava 

syndrome, haematuria and renal failure. Further data from the Netherlands reported in 2003, suggests that 

71% of the cohort had symptomatic VTE at the time of diagnosis (48).  
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1.6.7 Recurrence of VTE in Children 

A recent meta-analysis conducted examining studies of adult patients with VTE determined that the 

incidence of recurrent VTE or PE is approximately 22% (22). Table 1.2 presents studies that have examined 

recurrent VTE in cohorts of children with unselected VTE; it excludes studies specifically examining CVC-

related VTE. The rate of recurrent VTE ranged from 2% to 21% across the 12 studies presented in Table 1.2. 

Half of these studies declared if children experienced recurrent VTE during anticoagulation therapy, following 

discontinuation of anticoagulation therapy or if the child had not ever received anticoagulation therapy. 

Between 15% and 100% of children experienced their recurrent VTE whilst still receiving anticoagulation 

therapy. Three studies reported the rate of recurrence in children who had discontinued anticoagulation 

therapy. The rate of recurrence was 23.8% (5 of 21), 33% (6 of 18) and 63.6% (7 of 11) children with 

recurrence, respectively (47, 48, 63). Recurrence in children who had never been treated with 

anticoagulation therapy for their VTE was only reported in two studies (48, 63). One study reported 

recurrence in two children (out a total of 11 children with recurrent VTE) following an initial VTE that was 

never treated and the other study reported 10 children with recurrent VTE, of 35 children that did not receive 

any anticoagulation treatment (48, 63).  

 

Whilst this data suggests a low rate of recurrent thrombosis in children, the variation in the time children 

were reviewed following their index VTE (ranging from one month to 12 years), complicates the 

interpretation of this evidence. Recurrence rates may be higher if routine follow up extended for a longer 

period. One study suggested that amongst their cohort of 100 children, cumulative recurrent VTE free 

survival was 82% at 7 years (48). This suggests that up to 18% of children may possibly present with a 

recurrent VTE, 7 years following their index event. In reality, children with VTE with associated risk factors 

for VTE are rarely followed up for this length of time, as the contributing risk factor resolves (65). Determining 

the incidence of recurrent asymptomatic VTE can only be achieved through routine diagnostic imaging at 
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follow up. Perhaps what is more important in this context is ensuring adequate follow up of children with 

VTE to assess for signs and symptoms of post thrombotic syndrome.  
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Table 1.2: Paediatric Studies Examining Recurrent VTE 

Study N Recurrence Received Anticoagulation at 

any time 

Length of Follow up Comments 

Andrew et al. 1994(37), Canada, 

registry 

137 23/124 

(18.5%) 

16 on a/c (69.5%) Median 18 months (6 

months to 3 years),  

 

Monagle et al. 2000(53), Canada, 

registry 

356 

 

33 (8.1%) 5 on a/c (15.1%) Mean 2.86 years Mean time to recurrence 6/12 

van Ommen et al. 2001(41), 

Netherlands, prospective registry 

99 7 (7%) Not stated 1 month to 1 year 2 patients had LA, 1 had congenital 

pS deficiency 

Kuhle et al. 2003(54); North 

America; cross-sectional 

153 7 (5%) Not stated Median 16 months (1 -159 

months) 

41% (n=60) had complete 

resolution 

Revel-Vilk et al. 2003(47), Canada, 

prospective 

171 18 (10.5%) 12 on a/c (66.6%); 6 had 

discontinued a/c (33.3%) 

Not stated mean time to recurrence 35 days in 

pts on a/c; mean time was 238 in 

patients off a/c (from dx of VTE) 

van Ommen et al. 2003(48); 

Netherlands; prospective registry 

100 11 (11%)  7 discontinued (63.6%); 2 on 

a/c (18%); 2 untreated  

Median 4 years (1-12 years) 3 patients had inherited 

thrombophilia. Recurrence free 

survival 92% at 1 year; 82% at 7yrs 

Revel-Vilk et al. 2004(55); 

Canada; retrospective 

190 4 (2.1%) Not stated Mean 7 months, median 3 

months (3 days to 6.6 

years). 

All asymptomatic 
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Study N Recurrence Received Anticoagulation at 

any time 

Length of Follow up Comments 

Goldenberg et al. 2004(56); USA; 

prospective 

82 6% Not stated Median 12 months (3 

months to 5 years) 

Persistent thrombosis 37% 

Kreuz et al. 2006(46); Germany; 

case-control study 

103 8 (7.8%) Not stated Median 48 months ( 24 to 

120 months) 

Cerebral VTE = 3, DVT=4, PE=1 

Schobess et al. 2006(58): 

Germany; Prospective 

80 4 (5%) All on a/c (100%) Median 24 months (12 to 

60 months) 

 

Sharathkumar 2008(59); USA; 

retrospective 

86 8 (9.3%) Not stated Mean 2 years (16 days to 10 

years) 

3 without PTS; 5 with PTS (p=0.01) 

Estepp et al. 2012(63); USA; 

retrospective  

149 31 (21%) 10 not treated; 16 during a/c 

(51.6%); 5 discontinued a/c 

(16.1%) 

Mean 3.1 years (4 days to 8 

years) 

Median time to recurrence 147 

days 

Key for abbreviations: a/c: anticoagulation; LA : lupus anticoagulant; pS: protein S; DVT: deep vein thrombosis; PE: pulmonary embolism; VTE: venous 
thromboembolism;PTS: post thrombotic syndrome
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1.7 Central Venous Catheter Related VTE 

1.7.1 CVC Use in Neonates and Children 

The role of CVCs in a paediatric intensive care unit (PICU) is indisputable as CVCs facilitate the delivery of 

fluids, medication and blood products directly into the central circulation, and also assist in monitoring blood 

pressure centrally in the critically ill child (16, 31, 70, 71). A major complication of CVC use in children is CVC-

related thrombosis (66). Over 80% of thrombosis in newborns and approximately 50% of thrombosis in 

children are secondary to the use of a CVC (2). Children with complex and chronic underlying disease often 

rely on CVCs for essential medical treatment, yet CVC-related thrombosis and its complications confer an 

even higher risk of morbidity and mortality for this population, compared to children with acute illness (30). 

 

1.7.2 Patho-physiology and Risk-Factors for CVC-Related VTE 

The development of CVC-related thrombosis is suggested to be related to a number of physiological 

processes (72). The insertion of the CVC immediately causes damage to the vessel wall and has been thought 

to produce a pro-thrombotic or thrombogenic surface, via the activation of platelets (73, 74). The 

administration of hyperosmolar fluids via the CVC, such as total parental nutrition (TPN) and chemotherapy, 

can irritate the endothelium of the vessel and potentially cause an accumulation of foreign material, 

disturbing blood flow, leading to the development of thrombosis (72-74).  

 

Secondary analysis of the outcomes of the PARKAA study, which included 85 children with CVCs across 

multiple centres, reported that placement of a CVC on the left side of the body, in the subclavian vein or 

inserted via percutaneous technique are associated with at least a two-fold increased risk of VTE (74). Despite 

evidence of VTE in only 29 children in this cohort, the odds ratios presented for each of these risk factors 

were statistically significant and had narrow confidence intervals (74). One additional paediatric study 
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reports that among ten children with CVC-related VTE, nine CVCs and thromboses were on the left side. 

Evidence from adult studies would suggest a similar association (75).  

 

The relationship between infection and thrombosis is also well established. The placement of a CVC is a 

potential source of infection; infection then stimulates the activation of the clotting cascade and increases 

the risk of thrombosis. CVCs are a source of both insertion site infection and systemic blood stream infections 

(40, 73). The presence of a CVC in a patient with an infection also provides a locus for the development of a 

thrombus (71). The rate of CVC-related infection has been reported to range from 0.1 per 1000 catheter days 

in boys with haemophilia to 4.3 per 1000 catheter days in children with cancer (67, 71). In a prospective study 

of 122 children with leukaemia or lymphoma, localised CVC site infections occurred at a rate of 1.6 per 1000 

catheter days whilst systemic blood stream infection occurred at a rate of 0.1 per 1000 catheter days (76). A 

retrospective study of 287 children with cancer determined that patients identified to have a CVC-related 

infection had a sixfold increased risk of CVC-related thrombosis (67). A recent evaluation of CVC-related 

complications in 32 children requiring long term TPN, found that prophylactic anticoagulation reduced the 

incidence of CVC-related VTE and infection (77). Due to the small sample size, the reduction in these 

complications was non-significant when compared to children who did not receive prophylactic 

anticoagulation (77). Comparatively, a retrospective analysis of 333 neonates with CVCs, reported a non-

significant association (p=0.33) between sepsis and infection and the rate of CVC-related VTE (32). However, 

this study established that multi-lumen CVCs were associated with a higher incidence of CVC-related VTE 

(p=<0.1, no 95% confidence interval provided) (32).  

 

When discussing CVC-related VTE, it is important to understand the differences in types of thrombotic events 

and the variable pathophysiology of each event. VTE is the most serious type of CVC-related thrombotic event 

and more likely results in complete vessel occlusion. This type of thrombosis is what has been primarily 

discussed so far and is the major concern of this thesis. The development of a fibrin sheath around a CVC is 
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a common occurrence and this sheath can progress to a collagen matrix, which can cover the tip of the 

catheter and occlude the catheter (71). This type of thrombotic event is usually discovered due to an inability 

to infuse fluids into the catheter or withdraw blood. Another type of CVC-related thrombotic event is the 

development of an intra-luminal thrombus, which again occludes the catheter and impedes the delivery of 

fluids via the CVC (71). These two types of CVC-related thrombotic events, if recognised, can be treated with 

localised thrombolytic therapy. The significance and consequence of each of these types of CVC-related 

thrombotic events, in relation to the survival of the CVC and more importantly to the clinical impact on the 

child has not been investigated. Hence, the impetus to treat all identified CVC-related VTE with anticoagulant 

therapy is unclear.    

 

A child’s underlying disease state can also contribute to their risk of CVC-related VTE.  The presence of a CVC 

in a small blood vessel and  alterations to blood composition due to dehydration or sepsis, are significant risk 

factors for thrombosis  in the neonatal population (32). Underlying congenital heart disease (CHD) and 

palliative cardiac surgery, major indications for the placement of a CVC in children, often cause turbulent 

blood flow and blood stasis in the cardiac and pulmonary circulation, placing these children at increased risk 

of thrombosis (78).  

 

Children with cancer are known to be at a higher risk of VTE, commonly due to their requirement for a CVC 

but also due to the pathology of the underlying malignancy itself. Some types of chemotherapy, such as 

aspariginase, are well known to induce a further risk for VTE, as it significantly reduces antithrombin levels 

(79). The mechanisms that contribute to the development of CVC-related VTE in children with cancer are 

similar to the general paediatric population. However, data from adult studies, suggest that malignancy 

contributes to an increased risk of all VTE by affecting the haemostatic system in multiple ways. Tumour cells 

can synthesize molecules that produce procoagulant activity. These tumour cells can also activate endothelial 

cells and platelets, causing reduced stimulation of the anticoagulation factors (73). These concepts have not 
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been adequately explored in children with cancer, but in studies of children with acute lymphoblastic 

leukaemia (ALL) performed to date, there is general consensus that increased thrombin activation can be 

observed at the time of the child’s diagnosis (73, 79).  

 

Renal disease, such as nephrotic syndrome, from which children have impaired protein synthesis, can cause 

decreased levels of protein S, protein C and antithrombin (71). These deficiencies in naturally occurring 

anticoagulants increase the risk of thrombosis. These children often require long-term CVCs to facilitate the 

delivery of protein replacement therapy (albumin) and thus have multiple risk factors for VTE.  

 

Due to the inherent thrombotic risks of these identified conditions and the ongoing need for a CVC to 

administer treatment in many children, thromboprophylaxis is often indicated (71). The evidence to inform 

the use of thromboprophylaxis in children with CVCs is weak but will be discussed in more detail later in this 

review.  

 

1.7.3 Signs and Symptoms of CVC-Related VTE  

The signs and symptoms of CVC-related VTE include catheter malfunction, occlusion or leakage, pain at the 

insertion site or in the associated extremity, swelling, oedema, discolouration or erythema distal to the CVC 

insertion site and the development of dilated superficial veins (2, 32, 65, 74, 80). CVC-related infection and 

recurrent infection are also reported as clinical reasons to suspect the presence of a CVC-related thrombosis 

(2). The signs and symptoms of CVC-related infection can mirror those of CVC-related thrombosis. 

Additionally, the inflammatory response induced by infection can cause disturbances in the haemostatic 

system and increase the risk of thrombosis (71).  
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1.7.4 Incidence of CVC-Related VTE  

Table 1.3 presents 35 paediatric studies conducted in the last two decades reporting CVC-related VTE. The 

population of children included in the study, the reported incidence of symptomatic and asymptomatic VTE, 

any thromboprophylaxis administered and the method of VTE diagnosis is described. Complications 

associated with CVC-related VTE are detailed later in this review.   
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Table 1.3: Studies of CVC-Related VTE in Children 

Study & location N Population Symptomatic 

CVC-related VTE 

Asymptomatic 

CVC-related VTE 

Thromboprophylaxis Other 

Moore et al. 1985(81); USA: 

prospective 

25 CHD 0  5 Not stated Linogram upon 

removal of CVC 

Berman et al. 1991(82); USA; 

retrospective 

37 PICU 37  n/a Not stated Diagnosed on 

echocardiogram 

Dollery et al. 1994(83); Canada; 

retrospective 

32 Children on 

TPN 

8 4 N= 8 had 1unit/ml added to TPN 

(1500 – 2500 units per day).  

N = 25 no thromboprophylaxis 

 

Talbott et al. 1995(70); USA: 

prospective 

20 PICU with 

femoral CVC 

0 7 No Blinded ultrasounds; 

no patient treated 

Krafte-Jacobs et al. 1995 (39); 

USA; prospective 

50 PICU with 

femoral CVC 

9 4 N=25 had standard CVC; n=25 had 

heparin-bonded CVCs;  

N=11 in standard 

CVC group had VTE 

Petaja et al. 1996(84); Finland; 

retrospective 

2474 CHD post 

CPB 

15 5 Heparin infusion (n=12) Detected on echo 

Beck et al. 1998(85) Canada; 

prospective 

76  PICU 7 10 100units/ml of heparin every 6 

hours when no infusion through 

lumen. 

One patient had 4 

DVT, one patient had 

2 DVT 
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Study & location N Population Symptomatic 

CVC-related VTE 

Asymptomatic 

CVC-related VTE 

Thromboprophylaxis Other 

Massicotte et al. 1998(40); 

Canada; prospective 

241 Children with 

CVC > 1/12 

241 Not stated  

Salonvaara et al. 1999(86) 

Finland; prospective 

44 Neonates 10 0 Heparin 2units/ml in all infusions SVC syndrome(2), 

swelling and 

discolouration (6), 

obstructed CVC (2) 

Rudd et al. 2002(87); Norway; 

prospective 

41 Cancer 0 18 Not stated  

Shankar et al. 2002(88); England; 

prospective. 

25 Children with 

CVC 

19 Not stated Diagnosed via 

linogram, ultrasound 

and MRV 

Mitchell et al. 2003(69); North 

America; open RCT 

60 ALL 3 19 No thromboprophylaxis One patient had 

sinovenous 

thrombosis; one 

patient had 2 DVT 

Massicotte et al. 2003(68); 

International; RCT 

186 Children with 

CVC 

6 (3.8%) 

3/78 on LMWH  

3/80 in UC 

15 (9.5%) 

8/78 – 10.3% on 

LMWH  

7/80 -8.8% on 

UC 

85 randomised to LMWH (reviparin 

sodium 30 units/kgid >3/12; 

50units/kg if <3/12). 94 randomised 

to UFH flushes/ low dose infusion 

equal to <3units/kg/hour (UC).  

Diagnostic screening 
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Study & location N Population Symptomatic 

CVC-related VTE 

Asymptomatic 

CVC-related VTE 

Thromboprophylaxis Other 

Deitcher et al. 2004(89); USA: 

retrospective 

190 Children with 

a brain 

tumour  

17 No thromboprophylaxis  

Finkelstein et al. 2004(80); 

Israel; retrospective 

23 Thalassaemi

a 

2 6 Not stated Includes 

thrombophilia 

Butler-O”Hara et al. 2006(90); 

USA; RCT 

210 Premature 

infants with 

UVC 

0 4 (short-term) 

7 (long-term) 

1unit/ml UFH for infants 

>1000grams; 0.5units/ml UFH for 

infants <1000grams or on TPN 

13 cases of VTE 

determined not to be 

clinically significant 

Journeycake 2006(67); USA: 

retrospective 

287 

(444 

CVCs) 

Children with 

Cancer 

5 16 10units of UFH per lumen, daily for 

external catheters; 100units UFH 

monthly for implantable ports 

312 tunnelled 

infusion port; 106 

tunnelled external 

catheter; 26 other 

Rudd et al. 2006(91); Norway; 

RCT 

73 Children with 

cancer 

2 26 N = 31 randomised to receive 

warfarin with target INR 1.3 – 1.9; 

n= 42 received no 

thromboprophylaxis  

Thrombophilia 

screening 

Rudd et al. 2006(66); Norway; 

Prospective 

71 Children with 

cancer 

0 17 No thromboprophylaxis Follow up 

assessment 

diagnosed VTE.  
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Study & location N Population Symptomatic 

CVC-related VTE 

Asymptomatic 

CVC-related VTE 

Thromboprophylaxis Other 

Sheridan 2006(92); USA; 

retrospective 

289 

(1056 

CVCs) 

Children with 

burns 

6 n/a Not stated Short-term CVCs 

Dubois et al. 2007(93); Canada; 

prospective 

214 Children with 

a PICC 

1 19 Daily flush of CVC with heparinised 

saline 10units/ml.  

Includes 

thrombophilia 

Farinasso et al. 2007(94); Italy: 

prospective 

56 Children with 

ALL 

2 39 Flushes with 2.5mls of heparin 

(50units/ml) three times per week 

Includes 

thrombophilia 

Gupta et al. 2007(95); USA; 

retrospective 

47 (50 

CVCs) 

Inpatient 

with CVC 

0 10 Not stated  

Hanslik et al. 2008 (65): Austria; 

prospective 

90 Inpatient 

with CVC 

5 20 UFH 50unit/kg/day, via continuous 

infusion 

u/s and venography 

screening 

Anton et al. 2009(3); Canada; 

RCT 

87 CHD  38 N= 8 received prophylaxis for 

underlying CHD, type of 

anticoagulation used not stated.  

Randomised to 

heparin-bonded/ 

non-heparin bonded 

CVCs 

Schoeder et al. 2010(96): USA; 

RCT 

90 Infants with 

CHD 

 31 

8/53 (UFH) and 

6/37 (placebo) 

Intervention 10units/kg/hr UFH, 

placebo received usual care 

1unit/kg/hr. 

Study closed early 

due to futility 
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Study & location N Population Symptomatic 

CVC-related VTE 

Asymptomatic 

CVC-related VTE 

Thromboprophylaxis Other 

Harney et al. 2010(97); USA; 

retrospective 

198 Inpatients  12 n/a N = 31 received prophylaxis. Of 

those, n = 3 had a VTE. N=9 had a 

VTE but did not receive 

thromboprophylaxis. 

No u/s; patients with 

multiple risk factors 

for VTE;  

Faustino et al. 2011(98); USA: 

retrospective matched cohort 

1022 PICU 29 = 2.8% n/a Not stated Matched cohort 

study 

Cost 2011(99); USA; 

retrospective & prospective 

36 (37 

CVCs) 

Bleeding 

disorder 

n/a 14/30 Not stated  

Vegting et al. 2012(77); 

Netherlands; retrospective & 

prospective 

32 Children on 

TPN 

6 4 N= 18 received prophylaxis with 

LMWH (nadroparin 80units/kg/day) 

or VKA’s with a target INR of 2.0 – 

3.0. 

Most children had 

multiple DVT 

Ranta et al. 2012(100); Finland; 

Retrospective/ prospective 

20 (27 

CVCs) 

Haemophilia  1 4 UFH flushes used regularly; 

concentration of heparin not stated.  

 

Gray et al. 2012(32); USA: 

retrospective 

333 Infants less 

than 1 year 

60 n/a No thromboprophylaxis  

Aiyagari et al. 2012(101); USA; 

retrospective 

89 Infants with 

single 

ventricle 

16 All patients received aspirin once 

they were tolerating enteral feeds.  

Radiological evidence 

of VTE not confirmed 



60 

 

 

Key for abbreviations: RCT: randomised controlled trial; PICU: paediatric intensive care unit; CHD: congenital heart disease; UFH: unfractionated heparin; LMWH: 
low molecular weight heparin; VTE: venous thromboembolism; ALL: acute lymphoblastic leukaemia; PICC: percutaneous inserted central catheter; CVC: central 
venous catheter; VKA; vitamin K antagonist; INR: international normalised ratio. 
Note: Not all patients included in studies in Table 1.3 had VTE, hence ‘n’ value for symptomatic and asymptomatic CVL-related VTE add up to N value for study. 

Study & location N Population Symptomatic 

CVC-related 

VTE 

Asymptomatic 

CVC-related VTE 

Thromboprophylaxis Other 

Albisetti et al. 2013(102); 

Switzerland; prospective 

114 Cancer 5 45 Not stated  

Faustino et al. 2013(103); USA; 

prospective 

110 PICU  16 UFH 0.5-1 unit/ml infused at 1.5-

3mls/hour 
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Twelve studies presented in Table 1.3 report retrospective data about CVC-related thrombosis in children. 

Three studies report retrospective and prospective data, 15 studies report prospective data and there are 

five RCTs. The largest cohort described is a retrospective study of over 2000 children with CHD undergoing 

cardiac surgery (84). Ten studies had cohorts of less than 50 children; ten studies had cohorts of between 50 

and 100 children and fourteen studies had cohorts of greater than 100 children. Sample size variation is 

perhaps reflective of the fact that 24 of the studies presented in Table 1.3 were conducted at single 

institutions; a common limitation to sample size in paediatric clinical studies (52).   

 

A distinction was made between the incidence of symptomatic and asymptomatic CVC-related VTE in 22 

studies presented in Table 1.3 (65, 67-70, 77, 80, 81, 83-87, 90, 91, 94, 96, 99, 100, 102, 103). Of these 22 

studies, 15 studies performed systematic screening using diagnostic imaging to determine the incidence of 

symptomatic and asymptomatic CVC-related VTE (65, 68-70, 77, 85, 87, 91, 93, 94, 96, 102, 103). Four studies 

investigated the prevalence of CVC-related VTE in children in PICU, whilst six studies specifically examined 

CVC-related VTE in neonates and infants. Children with cancer and children requiring TPN were also 

populations reported in individual studies. Only four studies examined the incidence of CVC-related VTE in 

unselected cohorts of paediatric inpatients. 

 

In a retrospective matched cohort study recently conducted in the USA, symptomatic CVC-related VTE was 

reported in 29 children in PICU, who were compared to 981 children with CVC but without CVC-related VTE 

(98). The incidence of asymptomatic CVC-related VTE was not investigated in this study. In two prospective 

studies reporting the incidence of CVC-related VTE in PICU, both conducted in North America, symptomatic 

VTE was identified only in one study, in which the incidence was 9.2% (85). Both of these studies also reported 

asymptomatic CVC-related VTE. Beck et al. (1998) reported 13.1% of a sample of 76 children had 

asymptomatic CVC-related VTE, identified by routine ultrasound screening (85). Similarly, Talbot et al (1995) 

reported a 35% incidence of asymptomatic CVC-related VTE in 20 children in PICU with femoral CVCs (70).  
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A well-recognised multi-centre cohort study reporting the incidence of symptomatic and asymptomatic VTE 

was the PARKAA Study, which prospectively enrolled children with acute lymphoblastic leukaemia with a CVC 

insitu and performed scheduled ultrasounds or venography for the duration of the study (69). The prevalence 

of VTE was 36.7%, however only 3 patients (5%) had clinically symptomatic VTE.  A slightly smaller study, in 

which children with cancer and a CVC insitu were also screened for VTE, the incidence of VTE was 44%, and 

none of the patients were symptomatic during the study period (mean period of 266 days). This included two 

children with extensive thrombosis occluding the central neck veins (87). A more recent retrospective study 

of children with cancer investigated both symptomatic and asymptomatic CVC-related VTE in 287 children 

(67). The overall incidence of CVC-related VTE was 7% (n=21), however only 5 children had signs or symptoms 

of thrombosis. Importantly, only 12% of children had diagnostic imaging to determine the presence of a CVC-

related VTE and hence the incidence of asymptomatic thrombosis may have been underestimated in this 

cohort. CVC occlusion resulted in a threefold increase (Odds Ratio [OR], 3.7;95%Confidence Interval [CI], 1.54 

to 4.74; P= .001) in the risk of CVC-related VTE in this study yet 33 children with CVC occlusion and infection 

were not screened for CVC-related VTE (67).  

 

A prospective study of children with a short-term CVC insitu following cardiac surgery, performed routine 

screening for VTE using ultrasound, venography and echocardiogram within one week of CVC removal (65). 

The incidence of CVC-related VTE was 28% (25 children in a cohort of 90), however, only 5 children (20%) had 

clinical symptoms of VTE. The findings support previous research indicating a high incidence of asymptomatic 

CVC-related VTE but also indicate that clinical diagnosis of VTE has low sensitivity and specificity in this 

population (65). All children in this study received CVC thromboprophylaxis with low dose UFH, perhaps 

suggesting the limited value of this therapy in acutely unwell children. 

 

Three further prospective studies and one RCT of children with cancer screened all participants for the 

presence of CVC-related VTE during the study period (66, 87, 91, 94).  One study was an Italian study of 56 

children with ALL with a CVC insitu. Similar to previous studies, the rate of asymptomatic CVC-related VTE 
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was greater than the rate of symptomatic VTE, with the incidence reported as 69.6% and 3.5% respectively 

(94). The second study included 44 children with various cancer diagnoses, in which ultrasound screening 

was performed on all children and the results of the ultrasounds were masked from clinicians and patients 

(87). Eighteen patients (44%) were identified to have a CVC-related VTE; all VTE were asymptomatic (87). The 

RCT of 73 children with cancer compared the effectiveness of low dose warfarin to no prophylaxis on the 

incidence of CVC-related VTE by performing ultrasounds one, three and six months post randomisation (91). 

Of the 28 children with CVC-related VTE, only 2 were symptomatic (91).   

 

Six studies depicted in Table 1.3 specifically examined the incidence of CVC-related VTE in neonates and 

infants (32, 84, 86, 90, 101). Two studies only reported the incidence of symptomatic CVC-related VTE and 

one study did not declare if VTE were symptomatic or asymptomatic (32, 86, 101). The two studies examining 

symptomatic CVC-related VTE in infants, one conducted in the USA and the other conducted in Finland, 

reported incidences of 18% and 23%, respectively. Both studies verified the presence of CVC-related VTE 

using diagnostic imaging.  A study of over 2000 children with CHD undergoing cardiac surgery specified that 

the incidence of CVC-related VTE in infants within this cohort was 5.8%. This incidence represented a 

statistically significant increased risk of CVC-related VTE as compared to older children in the study (84). 

Another study of 89 infants with single ventricle anatomy, conducted in the US, reported that 16 patients 

(18%) had a CVC-related VTE (101). A major limitation of this study was that diagnosis of the CVC-related VTE 

was made based on only one of three criteria; CVC failure requiring replacement; radiological evidence or 

clinical signs of vascular occlusion (oedema or cyanosis of the extremity) (101). The authors did not declare 

which of these criteria was most commonly used to diagnose the cases of CVC-related VTE in this population. 

 

An RCT reporting the incidence of CVC-related VTE in children compared the use of long-term and short-term 

umbilical central venous catheters in 210 premature infants (90). Long-term CVCs remained insitu until they 

were no longer required or until 28 days, whilst short-term CVCs remained insitu for seven to 10 days (90). 

Echocardiograms were used to identify the presence of CVC-related VTE. There were 11 infants with CVC-



64 

 

related VTE, all of which were asymptomatic. A further 13 infants were identified to have CVC-related VTE 

that were deemed to be “clinically insignificant” by the treating cardiologist. Criteria defining clinically 

significant VTE included “threatened occlusion of a major vessel, crossing or blocking a heart valve ...or any 

other finding felt by the reading cardiologist to pose a potential threat to the subject” ((90) p.28). Infants in 

the long-term CVC group had a higher incidence of clinically significant CVC-related VTE (7%), compared to 

the short-term CVC group (4%). However, these results should be interpreted with caution due to the highly 

subjective criteria used to determine the incidence of clinically significant VTE and the use of echocardiogram 

to detect VTE, which is not a recommended modality for diagnosing VTE in children due to its limited 

sensitivity (16, 65).    

 

1.7.5 CVC Thromboprophylaxis 

The American College of Chest Physicians (ACCP) publishes guidelines for clinicians with recommendations 

for antithrombotic and thrombolytic therapy. To inform clinicians about the strength of these 

recommendations, the ACCP has a system of grading. Recommendations that are strong are Grade 1; weaker 

recommendations are Grade 2 (104). The strength of a recommendation indicates the balance between 

benefit and risk of the therapy (104). The recommendations are also assessed by the ACCP as to the quality 

of evidence that informs it, based upon the methodological rigour of the studies contributing to the overall 

recommendation. Evidence that is high in quality is allocated an “A”; evidence that has moderate quality a 

“B” and low level evidence a “C” (104). Thus, each recommendation described in the ACCP Evidence-Based 

Clinical Practice Guidelines is awarded a grade for its strength (Grade 1 or 2) and a grade for the quality of 

evidence supporting it (A, B or C).  

 

According to the ACCP guidelines (2012), routine thromboprophylaxis is not recommended for children with 

short or medium term CVCs (Grade 1B) (36). Children on long-term TPN are the only population of patients 

recommended to receive thromboprophylaxis (Grade 2C) (36). In accordance with the guideline, only one 
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study  presented in Table 1.3 that examined the incidence of CVC-related VTE in children on long term TPN 

reported that a proportion of the cohorts received thromboprophylaxis (77) The study by Vegting et al. (2012) 

reported that prophylaxis consisted of either low molecular weight heparin (LMWH), given as a daily weight 

adjusted dose or vitamin K antagonists (VKAs) with a target international normalised ratio of 2.0 – 3.0 (77). 

Among 27 children who did not receive prophylaxis in this study, 9 (33%) developed a CVC-related VTE. Of 

the 18 children receiving prophylaxis, only one child developed a CVC-related VTE (77).  

 

An international multi-centre RCT compared the safety and efficacy of reviparin-sodium, a low molecular 

weight heparin (LMWH) to unfractionated heparin (UFH) flushed or low dose infusion in children with CVCs 

(68). The primary outcome was the incidence of CVC-related VTE. Via routine diagnostic imaging prior to CVC 

removal or study completion, symptomatic and asymptomatic CVC-related VTE were identified. The 

incidence of symptomatic CVC-related VTE for the entire cohort (n=158) was 3.8%, whilst the incidence of 

asymptomatic CVC-related VTE was 9.5% (68). There was a non-significant difference in the incidence of both 

symptomatic and asymptomatic CVC-related VTE between the two groups. However, as 28 children did not 

receive their follow up diagnostic imaging and due to a slow rate of recruitment, the study was underpowered 

to detect a significant difference in the primary outcome (68). The results of this study are, however, 

consistent with previous literature, with a high incidence of asymptomatic CVC-related VTE despite 

interventions aimed to minimise the total incidence of CVC-related VTE (69, 90).  

 

Unlike the general paediatric population, neonates with CVCs in the inpatient setting are recommended to 

receive 0.5units per kilogram per hour (u/kg/hr) of UFH to maintain CVC patency, as per the ACCP guidelines 

(Grade 1A) (36). Of the four studies reporting CVC-related VTE in neonates and infants presented in Table 

1.3, only two studies describe the infusion of heparinised solution via the CVC (86, 90). One study used a 

heparinised solution of 0.5 u/kg/ml and the other study used a heparinised solution of 1iu/ml for infants 

>1000grams in birth weight and 0.5iu/ml for infants with a birth weight of <1000grams (86, 90). These very 

low doses of UFH for CVC patency are distinctly different from studies of CVC thromboprophylaxis as they do 
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not aim to prevent CVC-related thrombosis. One retrospective neonatal study did not administer any 

prophylactic anticoagulation, whilst the other study, of neonates with a single ventricle, stated that infants 

received aspirin only once they were tolerating enteral feeds (32, 101). A study of paediatric inpatients of all 

ages with a CVC insitu, also reported that participants received an infusion of UFH at a dose of 50units/kg per 

day (65).  

 

Six additional studies identified that children with CVCs received intermittent flushing with either normal 

saline or UFH at varying concentrations and intervals to maintain CVC patency (67, 70, 85, 93, 94, 100). This 

practice correlates with the recommendations of the ACCP guidelines, although the frequency of flushing is 

not stipulated in the guidelines (36). The frequency of UFH flushes of the CVCs reported among the six studies 

varied between six hourly, daily and three times per week (67, 70, 85, 93, 94, 100). None of the studies 

reporting the use of low dose UFH for CVC patency investigated associations between the incidence of CVC-

related VTE or intraluminal occlusion and the use of low dose anticoagulation.  

 

 

1.8 Risks of Anticoagulation in Sick Children 

Anticoagulation therapy, whether it be indicated from thromboprophylaxis or given in therapeutic doses,  in 

children with acute illness confers a number of risks, with the most serious being major bleeding (36). UFH is 

often the anticoagulant of choice in the intensive care setting due to its short half-life and easy reversal. 

Bleeding rates associated with UFH therapy range from 1%-56% and are dependent on individual risk factors 

and maintenance of therapy within the therapeutic range (105). In paediatrics, UFH is preferably 

administered via continuous infusion, necessitating intravenous access and regular therapeutic monitoring, 

often via venepuncture (105). Regular therapeutic monitoring is indicated for UFH therapy as changes in the 

child’s clinical status, together with known differences in the age-related dose requirements, affect UFH 

response (36). Obtaining venous blood from acutely unwell children with poor venous access is difficult, and 

is a source of pain and discomfort for the child and family. Together with the immediate risks of 
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anticoagulation in children, the association between the prolonged use of UFH and the risk of osteopenia in 

adults has been well established (105). Osteopenia and associated limb fractures has also been reported in 

case reports of children who received prolonged UFH therapy (105). The inherent risks of anticoagulation in 

children suggest that the risk benefit ratio of therapeutic anticoagulation must always be assessed (4). 

Currently, clinicians’ ability to make informed choices about the risk benefit ratio of anticoagulation therapy 

is hindered by a lack of evidence about the long-term outcomes such as PTS for children with asymptomatic 

thrombosis.   

 

Due to the limited number of RCTs to determine the superiority of one anticoagulant over another in either 

preventing VTE or treating VTE, current guidelines recommend against the use of thromboprophylaxis of 

CVCs, however the level of evidence is low (Grade 1B) (36). Similarly evidence of the long-term outcomes of 

CVC-related VTE is lacking and thus the imperative to treat asymptomatic CVC-related VTE is unknown (65). 

The high incidence of asymptomatic CVC-related VTE in multiple cohorts of children is, however, concerning. 

Perhaps more importantly, many studies acknowledge that the incidence of asymptomatic CVC-related VTE 

is underestimated, as routine screening for this complication rarely occurs outside of clinical studies. Hence, 

there is an identified need to conduct prospective studies that routinely screen for CVC-related VTE in 

unselected cohorts of children and perform follow up assessments to determine the incidence of VTE related 

sequelae. Such data will provide crucial information about the significance and outcomes of this apparently 

common complication of CVC use in children.  

 

1.8.1 Complications of CVC-related VTE - Incidence and Outcomes 

The consequences of CVC-related thrombosis in children can be serious and predispose the child to poor 

health outcomes in the future (106). Short-term consequences include line failure and requirement for 

repeated CVC replacement, treatment with anticoagulation or thrombolytic therapy, major bleeding 

associated with anticoagulation or thrombolytic therapy, pulmonary embolism, chylothorax and embolic 
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stroke through intra-cardiac right to left shunting (74, 107-109). Longer term consequences associated with 

CVC-related VTE include recurrent VTE, loss of future venous access options, haemorrhagic stroke associated 

with major bleeding (secondary to anticoagulation therapy) and PTS (2, 74, 107).  

 

Table 1.4 displays fourteen studies providing data about more than one complication of CVC-related VTE in 

various cohorts of children. Follow up periods ranged from 5 days to 10 years and the immediate 

complications of CVC-related VTE included CVC replacement, CVC removal, requirements for thrombectomy, 

thrombolysis and anticoagulation. Longer term sequelae of CVC-relate VTE included the incidence of 

secondary PE, stroke, recurrent VTE, mortality and PTS.   Among  eleven studies reporting CVC occlusion or 

removal,  the rate of removal or occlusion was greater than 50% in eight studies (32, 40, 57, 65, 67, 77, 82, 

85, 91, 99, 100). This indicates that whilst CVC occlusion can be a presenting sign of CVC-related VTE, 

occlusion and CVC removal are frequent complications in children that occur independent of thrombosis and 

possibly result in the need for CVC replacement(71). The rate of CVC replacement varied from 1.5 per patient 

in a one year period to 6.5 per patient in a three year period, across six studies (67, 77). Replacement of each 

CVC exposes the child to multiple risks, related to the CVC insertion itself (e.g. risks associated with general 

anaesthetic) and the cumulative risk of CVC-related infection and CVC-related VTE (72).  
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Table 1.4: Studies Reporting the Incidence of CVC-related VTE Complications 

Study No of 

VTE 

Length of 

follow up 

Line removal/ 

occlusion 

Replacement Thrombolysis/ 

thrombectomy 

Anticoagulation  Secondary PE /stroke/ 

recurrent VTE/ death 

PTS symptoms 

Berman et al. 

1991(82) 

37 Not stated 22 (removal) Not stated 4 thrombectomy; 

10 thrombolysis 

1 15 died; 8 related to 

VTE (21.6%) 

1 (2.7%) 

Dollery et al. 

1994(83)  

12 2 months - 9 

years 

Not stated 2.8 per year 6 (50%) 7  4 PE; 4 died (33.3%)  

Petaja et al. 

1996(84) 

20 2 – 108 

months 

Not stated Not stated 12 (60%) 2  1 death related to VTE; 

5%, contributed to n=7 

other deaths; 2 major 

bleeds  

Not stated 

Beck et al. 

1998(85) 

17 1 month 13 Nil nil 8 0 2 (11.7%) 

Massicotte et al. 

1998(40) 

241 3months – 

7years 

28 (removal) Not stated 13 thrombolysis; 

5 thrombectomy 

237 28 PE; 9 (16%) deaths 

related to VTE; 16 

(6.5%) recurrence 

23 (9.4%) 

Hausler et al. 

2001(110) 

40 10 years Not stated Not stated 16 5 0 14 (35%) 

Journeycake 

2006(67) 

21 Mean 290 

days 

112 1.5 per patient 112 Not stated Not stated Not stated 
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Study No of 

VTE 

Length of 

follow up 

Line removal/ 

occlusion 

Replacement Thrombolysis/ 

thrombectomy 

Anticoagulation  Secondary PE /stroke/ 

recurrent VTE/ death 

PTS symptoms 

Rudd et al. 

2006(91) 

28 6 months 4 Not stated Nil  31 (randomised) 2 major bleeds  

Newall et al. 

2006(57) 

51 5 days - 4.2 

years 

39 Not stated 7 (13.7%) 

Hanslik et al. 

2008(65) 

25 1 month 1 Not stated 1 25  0 Not stated 

Cost 2011(99) 14 46 months 15 1 Not stated Not stated Not stated 14 (100%) 

Vegting et al. 

2012(77) 

10 3 years 13 6.5 CVCs per 

patient 

 18 0  

Ranta et al. 

2012(100) 

5 Median 66 

months 

5 8 Not stated 3 (60%) 

Gray et al. 

2012(32) 

60 1 year 60 1.7 per patient 0 48 2 recurrent VTE  1 (1.6%)  

Albisetti et al. 

2013(102) 

45 3 years 18 7 Not stated 5 1 PE 3 (7.5%) 

Key for abbreviations: VTE: venous thromboembolism; PE: pulmonary embolism; PTS: post thrombotic syndrome. 
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The use of thrombectomy, thrombolysis and anticoagulation are often deemed necessary to treat the CVC-

related VTE and can be used to attempt to preserve the venous access. However, each of these interventions 

places a child at greater risk of bleeding and its associated morbidity. The current ACCP Evidence-Based 

Clinical practice guidelines recommend treatment of CVC-related VTE with anticoagulation with LMWH for 

between 6 weeks and 3 months (Grade 2C) (36). Eight studies presented in Table 1.4 reported administering 

anticoagulation with LMWH or vitamin K antagonists to treat the CVC-related VTE but only in a proportion of 

the cohort. The decision to treat the VTE with anticoagulation was reported as dependent on the presence 

of other thrombotic risk factors, such as CHD (32, 82, 84, 110). The preservation of the venous system for 

future surgery or for venous access is a significant consideration when weighing up the risk benefit profile of 

administering thrombolysis or anticoagulant therapy to children with CVC-related VTE (72). Many children, 

such as those requiring long-term TPN, haemodialysis or children with idiopathic primary pulmonary 

hypertension are reliant on CVCs for the administration of therapy that preserves life. Loss of venous access 

and recurrent VTE hence become life-threatening events. These populations of children often receive 

thromboprophylaxis to minimise the risk of VTE (incident and recurrent), however, this risk cannot be 

negated. 

 

Only one paper presented in Table 1.4 discussed the incidence of recurrent VTE. This large prospective cohort 

study of 241 children with CVC-related VTE reported a recurrence rate of 6.5% (40). This study also reported 

an incidence of secondary PE of 11.6% (40). Similarly, a retrospective study of children requiring long-term 

TPN, reported that four (33.3%) children developed secondary PE after a CVC-related VTE (83). Major 

bleeding was reported as a complication in two studies; one included children with CHD whilst the other was 

an RCT of children with cancer (84, 91). The study by Petaja et al (1996) reported two children who developed 

intracranial haemorrhage following thrombolysis; one child subsequently died whilst the other developed 

hydrocephalus and spastic hemiplegia (84).  
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The incidence of morbidity associated with CVC-related VTE is difficult to compare between studies due to 

the variations in the types of complications reported and the wide range of follow up periods. Similarly, the 

incidence of mortality that is directly attributable to CVC-related VTE is difficult to measure in populations of 

children with complex underlying disease and hence is poorly reported in the literature (71). The incidence 

of CVC-related VTE mortality presented in four studies displayed in Table 1.4, was between 5% and 33.3% 

(40, 82-84). All of these studies are from nearly two decades ago and three studies report the incidence of 

CVC-related VTE in small cohorts. Three studies also report a high rate of thrombolytic therapy use (between 

27% and 60% of the cohort) (82-84). There is now a trend towards very cautious use of thrombolytic therapy 

in children with VTE (36). The ACCP Evidence-Based Clinical practice guidelines suggest that the use of 

thrombolytic therapy only be used for life or limb-threatening thrombosis (36). The incidence of mortality 

associated with CVC-related VTE in more recent years is relatively unknown.  

 

The best data available on the incidence of mortality associated with CVC-related VTE is from the sub-analysis 

of the Canadian registry. Massicotte et al. (1998) reported that 16% of children with CVC-related VTE in a 

cohort of 241, died as a direct result of their VTE (40). Comparatively, the overall incidence of all VTE-related 

mortality among children reported in the Canadian registry of over 400 children with VTE was 2.2% (53). This 

data is perhaps a more accurate representation of the impact of current recommendations for the treatment 

of VTE on rates or mortality, however this data is from over 10 years ago and hence is perhaps not reflective 

of the impact of current treatment regimens (71, 106). Comparatively, the mortality rates in children are very 

small compared to adults, given that recent adult data from 2008 suggests that approximately 7% of all adult 

deaths in Australia are related to VTE (21).  

 

Arguably the most important long term consequence of CVC-related VTE is PTS, however knowledge 

regarding the incidence and severity of PTS in children with CVC-related VTE is limited (66, 111). Eight studies 

discussed previously  present either the incidence of confirmed PTS or the number of patients presenting 

with signs or symptoms of PTS following a CVC-related VTE (32, 40, 57, 82, 85, 99, 100, 110). Based on the 
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studies presented in Table 1.4, the incidence of PTS symptoms varies significantly; between 1.6% in a cohort 

of 60 infants to 100% in a cohort of 14 boys with haemophilia (32, 99). The variation on the length of follow 

up compromises the interpretation of the long term risk of PTS amongst children with CVC-related VTE and 

in most papers the severity of PTS was not measured using objective tools. The severity of PTS, the associated 

symptoms and the chronic nature of the syndrome for children is well recognised (30, 51, 112, 113). The 

impact of this condition on quality of life has also been acknowledged in the literature (30, 51, 112, 113). To 

further explore the association between CVC-related VTE and PTS, a more comprehensive discussion of this 

complication for children with VTE will follow in the next section of this review. 

 

1.8.2 Summary 

Children with complex and chronic underlying disease often rely on CVCs for essential medical treatment, yet 

CVC-related VTE and its complications confer a  risk of morbidity and mortality for this population, compared 

to children with acute illness (30). The role of prophylactic anticoagulation for the prevention of thrombosis 

in children with a CVC is currently debated, and one of the key issues is the unknown frequency and severity 

of PTS in children who lack acute symptoms from their thrombosis (111). Furthermore, many CVC-related 

VTE remain undiagnosed as the children who develop them are often initially asymptomatic (66). Mitchell et 

al (2005) reported that 37% of children with congenital heart disease who had a CVC in place had radiological 

evidence of thrombosis (4). Importantly, only 4% of these children had clinical signs of thrombosis at the time 

of their admission. Children are well documented to present with PTS, many years after a CVC was in situ, 

without any clinical history of thrombosis at the time of their CVC (114, 115). The anecdotal evidence 

regarding the incidence or PTS following asymptomatic CVC-related VTE in children is insufficient to 

determine the long-term risks for these children. Hence, there is an identified need to determine the 

incidence of PTS following both symptomatic and asymptomatic CVC-related VTE in children to help inform 

future recommendations regarding the treatment of CVC-related VTE. 
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1.9 Post Thrombotic Syndrome 

1.9.1 Pathophysiology of Post Thrombotic Syndrome 

Post thrombotic syndrome is characterised by clinical signs and symptoms including swelling, pain, skin 

discolouration around the area affected by the thrombosis and visible superficial veins or varicosities in the 

affected limb (116). Ulceration of the skin can also occur. The cause of PTS is venous hypertension within the 

area, resulting from the destruction of deep venous valves by the thrombosis (54, 114). Destruction of the 

valves impairs blood vessel function causing outflow obstruction and valvular incompetence (28). Increases 

in hydrostatic pressure within the tissues due to venous stasis, extravasation of red cells, fibrinogen and 

inflammatory mediators all contribute to the development of oedema, pain and discolouration of the skin 

(54, 114). In reports of PTS in children, pain and swelling are the most common symptoms reported (49, 53, 

54, 107, 114, 115, 117). Differences in limb circumference, presence of collateral vessels and limb 

discolouration were the most prevalent clinical signs of PTS (53, 54, 57).  

 

Presently, occlusive thrombosis, delayed commencement of anticoagulation and the reoccurrence of VTE are 

identified risk factors for the development of PTS in children (59, 112). Among 19 children with transient PTS, 

initial thrombus extension (OR 3.9, CI 1.13 to 13.45), increasing age (OR 1.2, CI 1.07 to 1.32) and body mass 

index  (OR 1.2, CI 1.1 to 1.4) were all found to increase the risk of PTS (46). A cross-sectional study of 96 

children with PTS identified that no resolution or extension of VTE and the number of vessels involved 

resulted in at least a two fold increase risk of PTS (95% CI 1.68– 9.30 and  1.52– 2.77, respectively) (54). In 

contradiction to results from these two studies, a retrospective cohort study conducted in the US determined 

that occlusive thrombus, multiple vessel involvement, age, sex and BMI were not associated with the 

development of PTS (59). All studies employed univariate analysis to evaluate these risk factors in cohorts of 

more than 50 children (46, 54, 59). Due to the relatively small sample sizes, multivariate analysis would not 

have been possible and thus there are limited inferences that can be made from the results.  
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Evidence from adult studies suggests that poor resolution of signs and symptoms associated with VTE one 

month following the index event is predictive of PTS development (118). Elevated Factor VIII levels and/or D-

dimer concentration at the time of VTE diagnosis have also been suggested to increase the risk of PTS in 

children, but this association has only been demonstrated in one study (112). Three further studies 

conducted in cohorts of 22,  55 and 103 children with VTE, could not establish an association between 

elevated Factor VIII and/or  positive D-dimer at the time of VTE diagnosis with the development of PTS (46, 

59, 107). Even despite being predictive of VTE in a German case-control study, elevated Factor VIII levels were 

not correlated with the development of PTS (46). Presently, only two studies have investigated the role of 

congenital thrombophilia, in addition to acquired thrombophilia, in determining the risk of PTS in children, 

with neither determining an association (46, 54). Biomarkers demonstrated to be predictive of PTS in adults 

include D-dimer, ICAM-1, interleukin-6 and C-reactive protein (118). Information regarding the risk of PTS 

occurring in children with VTE is limited and the influenced by location of VTE, management and 

symptomology of the VTE  

 

 

1.9.2 Diagnosis of PTS and Assessment Tools  

The diagnosis of PTS relies on the patient’s ability to report subjective ‘symptoms’ and the clinicians ability 

to detect clinical ‘signs’, such as collateral vessels and limb circumference. A child’s limited ability to report 

and describe physical symptoms of PTS, such as pain during exercise, has been acknowledged and the 

adaptation of adult PTS instruments to suit the developmental needs of children is the first step in accurately 

diagnosing the severity of PTS in children. In 2003, Kuhle et al. adapted the Villalta adult PTS scoring 

instrument for use in children (54). Since then, seven studies have used this scoring system to ascertain the 

severity of PTS among children (46, 54, 59, 66, 99, 117, 119). Another four studies have utilised the adapted 

Manco-Johnson instrument for the diagnosis of PTS in children, which was validated by Goldenberg et al. in 

2010 (56, 100, 107, 120).  
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Kuhle et al. (2003) modified the Villalta PTS scale, originally developed for adults. Whilst the Villalta scale had 

been validated in adults, its adaptation for use in children has not been validated and there are no reports of 

internal or external validity (121). The changes made to the Villalta scale by Kuhle et al. (2003) include 

dichotomising the scale (signs and symptoms are noted as present or absent) and incorporating assessment 

of signs of PTS in children who have had an upper limb DVT (measurement of arm circumference and swelling 

of the head and identification of collateral vessels on the chest) (54). The modified Villalta measures two 

subjective symptoms (pain or abnormal use and swelling), which can be reported by the child or in contrast 

to the adult scale, can also be reported by the child’s parent, caregiver or a proxy. Nine signs of PTS are 

assessed and reported by a clinician and include change in limb colour, increase in limb circumference, pitting 

oedema, collateral vessels, pigmentation, tenderness of palpation, oedema of the head, varicosities and 

ulceration (54). The symptoms and six of the signs are allocated either a score of ‘zero’ if the symptom or 

sign is absent and ‘one’ if the symptom or sign is present. Oedema of the head and varicosities are allocated 

a score of ‘zero’ if absent, ‘one’ if present or ‘two’ if severe. There is no definition of severe oedema or 

varicosities discussed in the literature pertaining to the modified Villalta scale. The presence of ulceration 

results in an “automatic” severe PTS rating. The maximum score that can be obtained using the modified 

Villalta is 12. A score of one to three equals a diagnosis of mild PTS; a score of four to eight is classified as 

moderate PTS and a score of greater than eight is regarded as severe PTS (54).  

 

The Manco-Johnson instrument uses the “basic Clinical-Etiologic-Anatomic-Pathophysiology” component of 

the chronic venous insufficiency scale development by the American Venous Forum (122). It combines this 

tool with the Wong-Bakes “faces” scale for the assessment of paediatric pain,  comparing physical signs and 

pain symptoms of the limb affected by VTE and the unaffected limb (112, 123). Manco-Johnson first trialled 

the combined instrument in children in 2003 (124). Since then, the instrument has been validated in children 

with both lower extremity and upper extremity DVT (107, 120). The Manco-Johnson instrument assesses 

physical signs which include measurement of mid-proximal limb circumference and mid-distal limb 
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circumference. The instrument scores five further physical signs on a scale of zero to four. Functional 

assessment (pain symptoms) are assessed using the Wong-Baker Faces Pain Ration scale, in which zero 

implies no pain and five indicates severe pain. Children are asked to rate their pain during aerobic exercise, 

with activities of daily living and at rest in the affected limb (107, 112, 120). The presence of PTS is defined 

as a composite score (combining the physical and functional assessment) of one or more. There is no 

delineation of mild or severe PTS using the Manco-Johnson instrument; PTS is assessed to be present or 

absent (107).  

 

Following the initial validation of the modified Villalta and the Manco-Johnson instruments, it has been 

recognised by the Perinatal and Paediatric Haemostasis Subcommittee of the Scientific and Standardisation 

Committee (SSC) of the International Society on Thrombosis and Haemostasis (ISTH), that PTS is “an 

important secondary outcome” in both the clinical setting and in paediatric VTE trials (51, 121). The SSC has 

thus evaluated the validity of both the Modified Villata and the Manco-Johnson instruments but due to 

insufficient evidence has recommended assessment of PTS with either or both tools (121). The rationale for 

the use of both tools in PTS assessment is that neither tool fulfils all criteria of a validated tool that is 

applicable for the evaluation of VTE in children (121).  

 

The strengths of the modified Villalta tool include the feasibility of using it in clinical practice; the ability to 

distinguish between mild, moderate and severe PTS and a demonstrated applicability across cohorts from 

multiple institutions (121). The major limitations of the modified Villalta are the absence of published 

normative data in healthy children, insufficient reporting of clinically significant signs and symptoms and the 

absence of any training materials to support clinicians to use the tool in clinical practice (121). The Manco-

Johnson tool is also deemed to be feasible for clinical use and has the additional strengths of having published 

normative data, reporting the clinical significance of signs and symptoms identified and providing training 

materials to guide implementation (121).  The weaknesses of the Manco-Johnson tool include its inability to 

determine the severity of PTS and that the tool has only been validated in cohorts of children from one 
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institution. Neither tool meets the criteria of having published data about the tool’s sensitivity to detect 

change in signs and symptoms. Change in PTS severity should also be reflected in an assessment of the child’s 

health-related quality of life (112). Additionally, the tools require translation and validation in languages 

other than English (121, 125).  

 

1.9.3 Incidence of Post Thrombotic Syndrome in Children  

Post-thrombotic syndrome has been reported to occur in up to 63% of children with a previous limb or central 

venous system thrombosis (54).  A 2010  review (112) found nineteen studies reporting PTS in children. Table 

1.5 displays 24 studies, including some reported by Goldenberg et al (2010) that report data pertaining to 

the incidence and signs and symptoms of PTS in cohorts of children with VTE. Studies delineating the 

incidence of CVC-related VTE and associated PTS are highlighted in the table.  
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Table 1.5: Studies Reporting Incidence, Signs and Symptoms of PTS 

Author, Country and 

Study Design 

N Patients Incidence of 

all PTS  

N (%) 

Incidence of 

clinically 

significant PTS 

Diagnostic Tools Signs and Symptoms Follow up 

 Andrew et al. 1994 

(37); Canada; 

registry 

137 Unselected 

VTE 

26 (21%) Not stated Defined a priori  Pain, discoloration, ulceration and 

swelling.  

Median 18 

months 

Massicotte  et al 

1998 (40); Canada; 

registry 

244 CVC-related 

VTE 

23 (9.4%) Not stated Defined a priori presence of swelling, discoloration, 

obvious collateral circulation, or pain in 

the affected limb  

Median 24 

months 

Monagle et al, 2000 

(53); Canada; 

registry 

356 Unselected 

VTE 

50 (14%) Not stated Not defined pain, swelling, and brawny discoloration 

of the limb  

Median 

85.8 

months 

Hausler et al. 2001 

(110); Netherlands; 

cohort 

40 Unselected 

VTE 

12 (30%) Not stated Not defined pain n=10, leg oedema n=5, leg 

exanthema n=2, phlebo-thrombosis n=1, 

venous ulcer n=1,  

10 years 

Gurgey et al. 2001 

(126); Turkey; 

Prospective cohort 

95 Non CVC-

related VTE 

3 (3.15%) Not stated Not stated Pain, discoloration, induration of the skin 

and swelling. 

Median 27 

months 
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Author, Country and 

Study Design 

N Patients Incidence of 

all PTS  

N (%) 

Incidence of 

clinically 

significant PTS 

Diagnostic Tools Signs and Symptoms Follow up 

van Ommen et al. 

2002 (127); 

Netherlands; cohort 

28 CHD – 

previous CC 

14 (50%)  Mild PTS n=14  Clinical PTS defined a 

priori; score of 1-3=mild , 

4-moderate, 5-6=severe 

varicose veins n=12, increased calf 

circumference n=9, pain or heaviness 

n=5,  

Mean 8.9 

years 

Lee et al. 2003 (128); 

Hong Kong; case 

series 

8 Unselected 

VTE 

1 (12.5%) Not stated Not stated Venous stasis and dermatitis n=1 Mean 4.2 

years 

Kuhle et al. 2003 

(54); North America; 

cross-sectional 

153 Unselected 

VTE 

96 (63%) 

 

80 = mild (83%) 

Moderate = 16 

(17%) 

Severe = 0 

MVS 

Mild = 1-3 

Mod = 4-8 

Severe = >8 

Pain n=10, swelling n=41, change in skin 

color n=11, increase in limb 

circumference n=68, pitting oedema n=8, 

collateral vessels n=51, pigmentation n=4 

varicosities n=13, edema of head n=2.  

Median 16 

months 

van Ommen et al. 

2003 (48); 

Netherlands; 

registry 

33 Lower 

venous 

system  VTE 

23 (70%) 

 

Mild  = 20, 

Moderate =3 

Clinical PTS defined a 

priori; score of 1-3=mild, 4-

moderate, 5-6=severe 

Increased calf circumference, 

telangiectases, malleolar flare, varicose 

veins and pigmentation of skin, heaviness 

or pain n=3; new varicose veins n=12, 

increased calf circumference n=16, 

pain/heaviness n=7 

Median 4 

years 
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Author, Country and 

Study Design 

N Patients Incidence of 

all PTS  

N (%) 

Incidence of 

clinically 

significant PTS 

Diagnostic Tools Signs and Symptoms Follow up 

Goldenberg et al. 

2004 (56); USA; 

prospective cohort 

82 Unselected 

VTE 

33/82 

(40.2%) 

Not stated MJI Not described Median 12 

months 

Kreuz et al. 2006 

(46); Germany;  

cohort 

103 Unselected 

VTE 

24/59 

(40.6%) 

 

Transient 19/59 

Persistent PTS 

5/59  

Transient PTS defined a 

priori, adapted MVS 

Minimal description Median 48 

months 

Journeycake et al. 

2006 (129); USA; 

cohort 

57 Cancer  0 

 

Not stated Defined a priori  Increased arm circumference n=5, 

prominent chest wall vein n=2, pain or 

swelling of extremity n-=2 

Mean 7.5 

years 

Rudd et al. 2006 

(66); Norway; cross  

sectional 

71 Cancer  4 (6%)  

 

All  mild 

 

MVS - Mild = 1-3 

Mod = 4-8 

Severe = >8 

Increased superficial veins n=4.  

N=10 had collaterals but were not 

diagnosed as having PTS 

Median 37 

months 

Schobess et al. 2006 

(58); Germany; non-

randomised pilot 

study 

80 Unselected 

VTE 

5 (6.3%) Not stated Defined a priori; increased 

calf circumference, 

pigmentation changes, 

venous telangectasia, 

varicose veins or open 

ulcer 

Not stated Median 24 

months 
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Author, Country and 

Study Design 

N Patients Incidence of 

all PTS  

N (%) 

Incidence of 

clinically 

significant PTS 

Diagnostic Tools Signs and Symptoms Follow up 

Newall et al. 2006 

(57); Australia; 

registry 

95 Unselected 

VTE 

 

12 (12.6%) 

5 severe   

7 chronic 

venous 

obstruction 

Defined a priori as severe: 

significant chronic venous 

obstruction with brawny 

induration 

Hydrocephalus n=2, chronic central 

venous obstruction n=7.  

5 days to 

4.2 years 

Sirachainan et al. 

2007 (130); 

Thailand; 

retrospective case 

series 

24 Unselected 

VTE 

3 (13%) Not stated Defined a priori: 

destruction of valvular and 

communication veins, 

obliteration of veins, 

chronic venous 

insufficiency  

Chronic swelling and discoloration of the 

skin. 

Median 3 

years 

Goldenberg et al. 

2007 (107); USA; 

prospective cohort 

22 LE DVT 8 (36.3%) 

 

1 sign/symptom 

=12; physical/ 

functional 

changes= 5 

MJI; pts with physical & 

functional abnormalities 

reported separately 

Oedema n=9, collaterals n=3, venous 

stasis dermatitis n=2, venous ulcer n=1 

18-24 

months 

Kuhle et al. 2008 

(117); North 

America; Cross 

sectional 

54 

 

ALL – 

PARKAA and 

non-selected 

17  

(31.5%) 

Mild n=15, 

moderate n=2 

MVS Mild = 1-3 

Mod = 4-8 

Severe = >8 

Collateral n=17, pain n=1, increased limb 

circumference n=8 

Mean 7.3 & 

9.5years 
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Author, Country and 

Study Design 

N Patients Incidence of 

all PTS  

N (%) 

Incidence of 

clinically 

significant PTS 

Diagnostic Tools Signs and Symptoms Follow up 

Athale et al. 2008 

(131); Canada; 

retrospective case 

series 

9 Lymphoma 

& VTE 

3  

(33.3%) 

Not stated No  Not stated Not stated 

Sharathkumar et al. 

2008 (59); USA; 

retrospective cohort 

55 Unselected 

VTE 

11  

(20%) 

All moderate to 

severe 

MVS applied 

retrospectively. Mild = 1-3 

Mod = 4-8 

Severe = >8 

Chylothorax n=1, ulcer n=1, regional pain 

syndrome n=1, varicosities n=1.  

Mean 2 

years 

Revel-Vilk et al. 

2010 (119); Israel; 

prospective cohort 

51 Cancer  20  

(39%)  

all mild; n= 1 

had score of 2; 

n=19 had score 

of 1 

MVS N=4 pain, n=10 arm circumference 

difference, n=5 collaterals; n= 1 arm 

swelling 

Median 2.3 

years 

Cost 2011 (99); USA; 

cohort 

36 Bleeding 

disorders 

16  

(44%) 

Not stated MVS Dilated chest wall veins n=2, increased 

arm circumference n=11, both n=3 

46 months 

Brandao et al 2011) 

(132); Canada; case 

control study 

101 70 with CHD; 

31 siblings 

21/70 (30%) 

MVS 32/101 

MJI 29/101 

All mild  MVS 

MJI 

Not stated Not stated 
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Author, Country and 

Study Design 

N Patients Incidence of 

all PTS  

N (%) 

Incidence of 

clinically 

significant PTS 

Diagnostic Tools Signs and Symptoms Follow up 

Ranta et al. 2012 

(100); Finland; 

cohort 

20 Haemophilia  11/20 (55%) All mild MJI Superficial collateral vessels on chest wall 

n=11, arm circumference difference 

Median 66 

months 

Gray et al. 2012 (32); 

USA; cohort 

60 Infants 1  

(1.6%) 

Not stated No  described=1 limb edema 1 year 

Kumar et al. 2012 

(133); USA; pilot 

study 

21 Unselected 

VTE 

13  

(61.9%) 

12 mild (score1-

3); 1 moderate 

(score 4-8) 

Survey instrument adapted 

from MVS 

Not described Not stated 

Creary et al. 2012 

(134); USA; 

retrospective 

69 Extremity 

VTE 

33 

46.8% 

Mild n=24 

Moderate n=6 

severe n=3 

MVS Ulceration n=1, chronic leg swelling n=3,  Median 22 

months 

(15-33) 

Lyle et al. 2013 

(135); USA; 

retrospective/prosp

ective cohort study 

35 Limb VTE 8  

(23%) 

8 (23%) MJI. PTS > 1,  clinically 

significant PTS score of at 

least 1 in physical & 

functional categories 

Intermittent or persistent swelling, pain 

during activity or aerobic exercise 

Median 40 

months 

(19-60) 

MJI - Manco-Johnson instrument; MVS – Modified Villalta scale; VTE- venous thromboembolism; DVT – deep vein thrombosis; LE: lower extremity; PTS: post 
thrombotic syndrome; CHD: congenital heart disease; CC: cardiac catheterisation; ALL: acute lymphoblastic leukaemia.   
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The study designs reported across the 28 papers in Table 1.5 include case series (three studies), cross-

sectional (three studies), cohort (14 studies), clinical trial (one study), six registries and one pilot study. The 

largest sample size reported was from the Canadian registry of 356 children with diagnosed VTE, which 

reported that the most common risk factor for VTE was the presence of a CVC (53). The overall incidence of 

PTS in this cohort was 14%. Children with a CVC-related VTE (n=241) had an incidence of PTS of 9.5% (40, 53).  

 

The incidence of PTS reported across all studies in Table 1.5 ranged from 1.6% (n=1) in a cohort of 60 infants 

with a CVC, to 70% in a cohort of 33 children with lower extremity VTE (32, 48). In studies that followed 

children up for a median time of more than two years, the incidence of PTS ranged 3.1% to 70%. Fifteen 

studies in Table 1.5 made some delineation between mild, moderate and severe PTS, with significant 

variation in the descriptions and definitions of the degrees of severity between studies. The incidence of mild 

PTS ranging from 6% to 83% among 15 studies, with seven studies reporting an incidence of mild PTS of 

between 50%-60% in cohorts ranging from 20 to 153 children with VTE (48, 54, 66, 100, 107, 117, 119, 127, 

132, 135). Ten of these studies utilised the modified Villalta PTS assessment tool, five studies defined mild 

PTS a priori and six studies used the Manco-Johnson instrument and classified moderate PTS based on the 

presence of a physical abnormality and a functional abnormality.  

 

Reported rates of moderate PTS (a score of between four and eight on the Modified Villalta tool) range from 

3.7% in 54 children from the PARKAA study cohort to 20% in a study that retrospectively assessed PTS in a 

cohort of 55 children with unselected VTE (59, 117). Due to the retrospective design of the study conducted 

by Sharathkumar et al. (2008) and that the study relied on accurate documentation to diagnose PTS, it  is 

difficult to be certain that this reported incidence of PTS is reliable. In two further studies where moderate 

or clinically significant PTS has been reported using the Manco Johnson instrument, rates varied from 11.3% 

to 23% (107, 135). Clearly, rates of moderate or clinically significant PTS across the literature are therefore 

dependent on the tool that has been used and thus should be interpreted with caution. What is not clear is, 

what is a standard definition of clinically significant PTS in children? 
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1.9.4 Defining Clinically Significant Post Thrombotic Syndrome in Children  

In reports of PTS in children, pain is commonly reported, especially pain during activities of daily living and 

exercise (49, 53, 54, 107, 114, 115, 117). Differences in limb circumference, swelling, presence of collateral 

vessels and limb discolouration were the most prevalent clinical signs of PTS (53, 54, 57). What is unclear is 

the clinical significance of signs such as collateral vessels and swelling as there is little data recording how 

such signs then impact on children’s ability to participate in activities of daily living, especially when the child 

does not report pain. Hence, contemporary discussion and recent publications of the incidence of PTS in 

children focus on the presence of clinically significant PTS; that being PTS signs and/or symptoms that impact 

on a child’s ability to participate in routine activities and age-appropriate exercise (135).  

 

According to either of the two PTS tools, the presence of one sign or symptom is classified as mild PTS but 

importantly, using the Manco-Johnson instrument, moderate PTS, or what authors have referred to as 

clinically significant PTS, is defined as the presence of both a sign and symptom (135). Moderate PTS is 

diagnosed using the Modified Villalta tool when the child has a score of between four and eight, which 

indicates that the child must have at least four signs or symptoms to be diagnosed with moderate PTS (117). 

The disparity between how the tools report moderate to severe PTS and the obvious variation in how PTS 

has been reported in children across the literature suggests that the real incidence of moderate and /or 

clinically significant PTS in children is unknown. Until this inconsistency in reporting is rectified, reliable data 

about the incidence of PTS in children cannot be obtained. Thus, decisions about anticoagulation treatment 

should not be based on the risk of long term sequelae such as PTS based on present data.  

  

1.9.5 Incidence of PTS resulting from CVC-Related VTE  

The majority of the studies in Table 1.5 report the incidence of CVC-related VTE (n=19), however, twelve of 

these studies specifically report the incidence of PTS as a direct consequence of a CVC-related VTE. Eight 

studies reported the incidence of PTS in cohorts of children who all had CVCs, with the majority (n=6) 
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exploring the incidence of PTS in children with no prior history of CVC-related VTE (66, 99, 100, 119, 127, 

129). The incidence of PTS among these six studies ranged from zero in a cohort of 57 children with cancer 

to 55% in a cohort of 20 boys with haemophilia (100, 129). A cross-sectional study of children with unselected 

VTE identified that 73 children with a CVC had signs of mild PTS when followed up at a median time of 16 

months (54). In this cohort, a further 50 children with CVCs had no signs or symptoms of PTS. Two further 

studies of cohorts of children with unselected VTE reported that two and seven patients had PTS resulting 

from a CVC-related VTE in cohorts of 22 and 55 children, respectively (59, 107).  

 

The majority of cases of PTS identified in the eleven studies reporting PTS following CVC-related VTE could 

be defined as mild, as only one sign or symptom was present, although the severity of the PTS was only 

delineated in seven studies. Follow up imaging conducted at the time of PTS assessment among four studies 

demonstrated a variable incidence of residual thrombosis, reported as 7%, 14%, 25% and 39% in cohorts of 

71, 28, 20 and 36 children, respectively (66, 99, 100, 127). This data is suggestive of a high incidence of 

asymptomatic CVC-related VTE that results in mild but still clinically significant incidence of PTS in diverse 

cohorts of children with CVCs. Again, however, the small sample sizes of the studies examined limits the 

inferences that can be made from the results. 

 

1.9.6 Treatment and Management of PTS in Children 

Elastic compression stockings (ECS) have been demonstrated to reduce the incidence of PTS by approximately 

50% in adult patients diagnosed with a deep venous thrombosis (28, 136). Whilst elastic compression 

stocking have been used to minimise oedema and pain in children with a VTE, the impact of ECS on the 

incidence of PTS in children has not been determined (115, 137, 138). ECSs “reduce venous hypertension, 

decrease oedema and improve tissue microcirculation” (118)(p.4627). Adult evidence suggests that 

compliance with ECS is beneficial for minimising the risk of severe PTS and can result in low recurrence rates 

of VTE (28). Compliance with ECS use in children is problematic as the appearance of the garment can be a 
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deterrent, (especially in adolescents) the need for frequent replacement due to growth, the lack of 

appropriate sized garments for young children and the cost of custom made garments (115). Regular exercise 

and elevating the affected extremity at rest are also recommended conservative management strategies that 

are applicable and appropriate to a paediatric population (28, 138). Similar to the experience of adults, 

children report that ECS rarely impact on pain during exercise but are useful in minimising swelling and 

provide comfort during rest (28, 115, 138). Importantly, based on adult studies and case reports in children, 

regular ECS use should be recommended for patients exhibiting early signs of PTS, adolescent patients with 

acute signs and symptoms of VTE or patients with PTS resulting from an asymptomatic VTE (28, 114, 115, 

138).  

 

There is limited evidence about the benefits of vascular surgery to restore venous patency in adult patients 

with PTS and no evidence of surgical options for children (28, 118, 139). Adult evidence is limited to case 

reports and mostly refers to patients with ulceration, where surgical options improve symptoms and healing 

but do not necessary impact on PTS (28). Advising patients with PTS of the importance of maximising skin 

integrity and maintaining good hygiene is currently not based on high level evidence but is a common sense 

option to minimise the risk of skin breakdown that may lead to ulceration (114). Patients with superficial 

collateral vessels are at increased risk of major bleeding if the patient sustains an injury to the area (138). 

Advice about effective first aid in response to injury is also recommended to minimise bleeding from large 

collateral vessels.  

 

Thrombolysis has been demonstrated to reduce the risk of PTS in two studies; one included nine children 

with lower extremity VTE, the other included 16 children with proximal limb VTE (107, 140). However, further 

studies of the impact of thrombolysis on thrombus resolution have not been conducted due to the increased 

risk of bleeding associated with this therapy and the general consensus that therapeutic anticoagulation is 

as effective for VTE in children but does not confer the same risk of major bleeding (36). Most studies report 

the use of thrombolytics for resolution of CVC-related VTE, where catheter directed thrombolysis can be 
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administered (36). Furthermore, the ACCP guidelines suggest that lack of control patients who did not receive 

thrombolysis and potential reporting bias limit the usefulness of data investigating the impact of 

thrombolysis on VTE resolution and PTS development (36).  

 

1.9.7 Long Term Outcomes for Children with PTS 

Follow up post VTE for assessment of recurrence of VTE and development of PTS has great variability amongst 

the studies reported in the literature. The shortest follow-up being described as 5 days while the longest 

extending to 12 years (53, 54, 57, 107, 117). Children diagnosed with a CVC-related VTE had shorter follow 

up periods, despite the presence of a CVC being the most common risk factor for the development of 

thrombosis in children (54, 57, 112, 114). In a cross-sectional study, Kuhle et al. (2003) found that children 

diagnosed with PTS had a longer follow-up and that for every year post diagnosis of VTE the PTS score 

according to the modified Villalta instrument increased by a factor of two (54). Monagle et al. (2000) 

however, found no statistical difference in time of follow-up between children diagnosed with PTS and those 

with no ongoing concerns (53).  

 

In a case report of PTS in three children, diagnosis was made at 6 months, 2 years and 11 years post VTE 

(114). For the two children who were diagnosed with PTS at later time points, the progression of the 

syndrome was severe and little could then be done to reverse its effects (114). The progression of PTS with 

time highlights the need for paediatric clinicians to be attentive to the long-term risk of developing PTS for 

children who have been diagnosed with a VTE. This is especially pertinent to neonates with CVC-related 

thrombosis, who are potentially at a higher risk of PTS due to the physiological suppression of the fibrinolytic 

system (2).  

 

In their work to standardise the definition and assessment of PTS in children, the Perinatal and Paediatric 

Haemostasis Subcommittee SSC of the ISTH recommended a timeframe for the assessment of PTS post VTE, 
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based on published data (121). The group suggest that a “definitive diagnosis of PTS be deferred until at least 

6 months following the acute DVT event” and that six months post VTE constitutes “possible PTS”, whilst 

diagnosis 12 or more months after the index event indicates “definitive PTS” (121) (p. 478). In the future, 

clinical studies should produce more consistent evidence regarding the incidence of PTS in children, but only 

if if they follow the recommendations produced by ISTH and adhere to the standard definition of PTS, utilise 

the recommended assessment tools and conduct PTS assessment a minimum of six months following the 

index VTE. Routine follow-up and assessment of children post CVC-related VTE may aid in early diagnosis of 

PTS and minimise the physical effects of the syndrome. 

 

1.9.8 Summary 

PTS is a significant long-term complication of CVC-related VTE in children. The symptoms and characteristics 

of PTS can be physically limiting, painful and disfiguring. PTS in children is more likely to incur increased 

disability and health care costs compared with adults due to the length of time they will require medical 

management (21, 30, 106).  The disability of severe PTS can lower quality of life for children, yet there is 

limited data available on the long-term consequences of CVC-related thrombosis for children and in 

particular, the epidemiology of PTS in children with CVC-related VTE (112).  

 

Preventative strategies used at the time of VTE diagnosis, improved understanding of the risk factors 

associated with PTS in children, early diagnosis and effective treatment options for PTS may help to prevent 

this syndrome significantly impacting a child’s health and quality of life (28, 56, 111, 118). Despite many 

studies reporting the incidence of asymptomatic and symptomatic CVC-related VTE in children, there is an 

acknowledgment that prospective studies evaluating the long-term sequelae of CVC-related VTE are urgently 

needed (65, 114). More specifically, studies are required to investigate the incidence of PTS following 

radiologically confirmed CVC-related VTE in children (65, 141).  
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1.10 Diagnosis of VTE in Children 

1.10.1 Radiological Methods 

Doppler ultrasound (US) is non-invasive, cost-effective and readily available to use as a diagnostic method 

for the detection of VTE in children (95, 142). The sensitivity of US in detecting VTE varies but this modality 

has been determined to have the most sensitivity for examining neck vessels (16, 42, 65, 74). US is less 

sensitive for imaging the intra - thoracic vessels due to the overlying shadows produced by the clavicles, 

sternum and lung (65, 95). Diagnosis of VTE in the subclavian vessels  via US requires assessment of the 

compressibility of the vessel (142). The positioning of the clavicle prohibits the compressibility of the 

subclavian veins in children and thus ultrasound does not provide a complete diagnostic assessment of the 

vessel patency (95). The limitations of US in children were demonstrated in a study of 25 children requiring 

repeated CVC insertion, where the thrombosis was not identified or the size was underestimated using US in 

15 children (88). A retrospective study of 24 children with VTE demonstrated similar results, with 6 of 21 

patients required additional diagnostic imaging after US was performed to accurately diagnose their VTE 

(130). Comparatively, results reported in a study of 90 children with short-term upper venous CVC 

prospectively screened for VTE, demonstrated that US had the highest sensitivity for detecting VTE in this 

population (88%, detecting 22 out of 25 VTE) (65). Venography demonstrated a sensitivity of 36% (9 out of 

25 VTE), but was more sensitive in detecting VTE located within the intra-throacic vessels (65). Importantly, 

this study demonstrated that echocardiography had a sensitivity of 4%, detecting only one VTE among the 

25 cases (65). Two further studies used echocardiogram for the detection of CVC-related VTE in children; 

however neither study reported the sensitivity of this imaging option (74, 90).  

 

Ultrasound can be useful for determining correct positioning of thoracic lines and avoid the need for more 

invasive imaging in this scenario (95). US can also provide a preliminary diagnosis and hence hasten the 

commencement of anticoagulation therapy. In a study of ten neonates with suspected cerebral sinus venous 

thrombosis, cranial US correctly identified the probably cerebral sinovenous thrombosis (CSVT), which was 
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confirmed using Magnetic Resonance Imaging (MRI) and allowed for the prompt commencement of LMWH 

(143). Adult evidence suggests that VTE within the lower extremities can be diagnosed with a high degree of 

sensitivity using US, especially in the diagnosis of proximal VTE (142). The sensitivity of US for the diagnosis 

of lower venous system VTE in children is not well understood as the majority of VTE in children occur in the 

upper venous system, as they are predicated by the presence of a CVC (142).  

 

Venography is reported to be the gold standard modality for the diagnosis of VTE in children, in both the 

lower and upper venous system (16). In particular, the intra-thoracic vessels and distal vessels of the lower 

extremities are best visualised using contrast venography (65). In the secondary analysis of the PARKAA study, 

which examined the sensitivity of US and venography in the diagnosis of upper system CVC-related VTE, 

venography demonstrated a sensitivity of 79% in detecting VTE. The majority of VTE not diagnosed by 

venography were in the jugular veins and were detected by US (74). The superiority of US over venography 

in detecting thrombus in the jugular veins was also demonstrated in a study of 16 boys with haemophilia, in 

which US but not venography identified an internal jugular thrombus (144). This is not surprising as contrast 

for venography is usually injected into the arm veins which means it would not be expected to fill the jugular 

veins unless there was retrograde flow due to extensive blockage. (144).  

 

Linograms, where contrast is injected directly into the CVC and then examined under fluoroscopy, are 

particularly useful for the investigation of CVC occlusion (16, 145). In a study imaging children who required 

repeated CVC insertion by Shankar et al (2002), linograms were utilised in addition to US but similar to US in 

this population, underestimated the extent of thrombosis in five children. Magnetic Resonance Venography 

(MRV) demonstrated the full extent of thrombosis in the majority of this cohort and was used to correctly 

identify patent veins for CVC reinsertion (88). Apart from the limitations of linograms and venography, the 

risks associated with these modalities include radiation exposure to the ionised contrast and risks associated 

with the injection of the contrast locally (such as haematoma and extravasation) (146). 
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Computed tomography (CT) is often the first choice of imaging for the diagnosis of acute pulmonary 

embolism or suspected CSVT (145, 147). Importantly, suspected CSVT, identified on CT is recommended to 

be confirmed using MRV, as CT has been demonstrated to misdiagnose CSVT in up to 40% of cases (147). 

Similarly with PE, a ventilation perfusion scan is the recommended diagnostic investigation for children (148). 

CT angiography provides a detailed evaluation of the vasculature through the administration of ionised 

contrast however the long term impact of radiation exposure on children is debated, especially the impact 

on young breast tissue (145, 148).  

 

Magnetic resonance imaging provides a comprehensive and accurate evaluation of any aspect of the venous 

system, whilst also being non-invasive (100). MRI does not expose children to ionised contrast, however, 

MRV, which is specifically sensitive to the identification of venous thrombosis, does require the 

administration of contrast. MRI has been demonstrated to be most useful in diagnosing suspected CSVT and 

multiple and extensive thrombosis in children with previous VTE (88, 143). Certainly, in the setting of 

spontaneous PE this modality should be utilised where possible (16). The issues with MRI and MRV limit the 

availability of these modalities in the diagnosis of VTE in children. The cost of both the equipment and the 

resources to operate MRI are often to prohibitive to smaller paediatric institutions, and can limit availability 

(100). These costs are elevated when smaller children require sedation or general anaesthesia for the MRI to 

be performed (100). Sedating or anesthetising a child for diagnostic imaging is often not warranted, if the 

risks of the sedation outweigh the benefits. Furthermore, MRI is not optimal for investigating CVC occlusion 

as the CVC can interfere with the visibility of the MRI (100).   

 

1.10.2 Criteria Used for Diagnosis of VTE in Children  

Despite its limitations, ultrasound is predominantly used to diagnose VTE in children as it is readily available 

and non-invasive. Table 1.6 presents information regarding the diagnostic criteria stated in 12 clinical studies 

of children with VTE that utilised US as the diagnostic modality. The key criteria for the detection of VTE 
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presented in the majority of these studies were the presence of echogenic material, partial or complete 

obstruction of flow through the vessel and inability to compress the blood vessel. As highlighted in Table 1.6, 

not all studies utilised all key criteria, despite these being known variables for the accurate diagnosis of VTE 

(95, 142).  Four studies included in the table did not describe any of these key criteria as applicable to the 

diagnosis of VTE; and two of these studies relied on the clinical signs and symptoms to determine the 

significance of the thrombus (90, 101). Four studies quantified the size of the thrombus or the degree of 

vessel occlusion (65, 66, 90, 91). The variation between the studies in the criteria used to diagnose VTE via 

US suggests that uniform criteria for the different diagnostic modalities need to be developed. Further work 

needs to be done to formally recommend the most sensitive technique for the diagnosis of suspected VTE, 

PE and central venous system thrombosis. Such work is underway by a working group convened by the 

Perinatal and Paediatric Haemostasis Subcommittee SSC at the congress of the ISTH held in the Netherlands 

in 2013 (132).  
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Table 1.6: Studies reporting Definitions of VTE as diagnosed on Doppler ultrasound 

   Ultrasound Definition for diagnosis of VTE 

Study  Modality  Screening Echogenic 

material 

Partial or 

complete flow 

Compressibility  

Talbott et al. 

1995 (70) 

Doppler ultrasound Yes  Yes  Yes  No  

Beck et al. 

1998 (85) 

Doppler ultrasound Yes  Yes  Yes  Yes  Other criteria: loss of respiratory variability and vessel 

pulsations, abnormal waveforms. Diagnosis required 

>1 criteria to be present. 

Male et al. 

2002 (142) 

Doppler ultrasound; 

Venography 

Yes  Yes  Yes  Yes  Independent adjudication committee  

Massicotte et 

al. 2003 (68) 

Doppler ultrasound; 

Venography 

Yes No  Yes  No  Constant non-visualisation of vein; extensive collateral 

formation.  

Male et al. 

2003 (74) 

Doppler ultrasound; 

Venography; 

echocardiogram; MRI 

Yes  No  Yes  No  Degree of vessel occlusion classified 

Other criteria; presence of collateral vessels. 

Rudd et al. 

2006 (91) 

Doppler ultrasound Yes    No  Yes  Yes  Size of thrombus; mild VTE ≤ 5mm; moderate VTE 

>5mm; severe VTE occluding vessel; catheter tip not 

examined (Table of criteria) 

Rudd et al. 

2006 (66) 

Doppler ultrasound 

MRI 

Yes No  Yes  Yes  Included fibrous remnants or absent vessel. 

Measured size of thrombus. 
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   Ultrasound Definition for diagnosis of VTE 

Study  Modality  Screening Echogenic 

material 

Partial or 

complete flow 

Compressibility  

Gupta et al. 

2007 (95) 

Doppler ultrasound Yes– 

clinical 

indication 

No  No No Thrombosis, stenosis or occlusion 

Sirachainan et 

al. 2007 (130) 

Doppler ultrasound; 

venography, MRI, CT 

No  No  No  No  Patients with only clinical finding of thrombosis were 

excluded 

Hanslik et al. 

2008 (65) 

Venography; Doppler 

ultrasound; 

echocardiogram 

Yes Yes Yes 

 

Yes Occlusion quantified as >50%, 25% to 50% or <25%; 

other criteria described for venography and echo; fibrin 

sheaths around CVC not considered VTE 

Schroeder et 

al. 2010 (96) 

Doppler ultrasound; 

echocardiogram 

Yes  Yes  No  No   Thrombosis defined as ‘definite’ or ‘probable’, 

depending on size of echogenic mass 

Vegting et al. 

2012 (77) 

Doppler ultrasound Yes  Yes Yes  Yes  Catheter occlusion defined  

Aiyagari et al. 

2012 (101) 

Doppler ultrasound or 

angiogram 

 Referred to definitions from (3, 142).  Clinical definition also accepted: CVC failure, signs of 

vascular occlusion 

Key for abbreviations: VTE: venous thromboembolism; CVC: central venous catheter 
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1.10.3 Routine Ultrasound Screening for Asymptomatic CVC-Related DVT in Children 

Due to the high incidence of CVC-related VTE in children, questions have been raised as to the role of 

ultrasound screening to assist in early detection of CVC-related VTE (83, 142). Early detection of CVC-related 

VTE results in timely anticoagulation treatment and may prevent both progression and embolisation of the 

VTE. Prompt commencement of anticoagulation following the diagnosis of VTE has been demonstrated to 

reduce the risk of PTS (112). Studies have evaluated the role of ultrasound screening in the diagnosis of VTE, 

demonstrating a high incidence of asymptomatic VTE alluded to previously. Yet to our knowledge, no study 

to date has attempted to determine if early detection of CVC-related VTE and treatment with anticoagulation 

correlates to a reduction in the incidence and severity of acute complications or PTS in children. Routine 

screening for CVC-related VTE is not advocated, and the true rate of complications from asymptomatic CVC-

related VTE is unknown (65). Hence the risk benefit ratio of exposing sick children to anticoagulant therapy 

is unknown.  

 

1.11 Summary and Study Aims 

The true incidence of CVC-related VTE in children remains unclear as screening for asymptomatic CVC-related 

VTE in unselected cohorts of children has been conducted in small studies with huge variation in the 

incidence. Furthermore, the clinical outcomes, both short and long term, of asymptomatic CVC-related VTE 

are unknown. This is problematic because the current therapy recommended for asymptomatic VTE, 

anticoagulation, has significant risks of its own. There are no studies validating the role for routine imaging 

of children with CVCs, nor information as to whether early detection of asymptomatic VTE is valuable in 

preventing long term complications, such as PTS. Predictive factors for developing CVC-related VTE are 

unclear.  

 

The increasing incidence of VTE in children together with recognition of the need to understand the long-

term sequelae of both symptomatic and asymptomatic VTE in children suggests that the inclusion of PTS as 
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an outcome measure of paediatric clinical studies is crucial to determining the impact of VTE and efficacy of 

current treatment options (4, 36, 51). The superiority of one paediatric PTS assessment tool over the other 

has yet to be determined and their applicability in the clinical setting has not been formally evaluated.  

 

The treatment of thrombosis in adults is estimated to cost Australia $1.72 billion annually due to the 

increased mortality, morbidity (due to PTS) as well as productivity and efficiency losses (21). The costs to 

Australia for the treatment of CVC-related VTE in children have not been calculated. Considering the 

development of PTS in childhood must be managed for the child’s life time, one can readily predict costs for 

the treatment of VTE and resultant PTS in children will be far greater compared to the costs in adults. Current 

evidence informing the treatment and management of CVC-related VTE with the aim of preventing or 

minimising PTS development in children is poor. Without new research, the ability of clinicians to avoid these 

significant healthcare costs and poor health outcomes for children is limited.  

 

This thesis describes a unique study that will for the first time document the natural history of asymptomatic 

CVC-related VTE in acutely unwell children. The study will determine the subsequent incidence of PTS in a 

cohort of sick children who had a CVC and determine the relative risk for PTS amongst those who had 

symptomatic or asymptomatic CVC related VTE versus no VTE.  Thus, the study will identify the clinical value 

of routine screening of all children with a CVC for the presence of a VTE. The determination of natural history 

of CVC-related VTE will help to inform future decisions about the role of primary anticoagulant prophylaxis 

for children admitted to a PICU and in whom a CVC is placed. Clinical management strategies designed to 

optimise the health and wellbeing of children can potentially reduce the significant healthcare costs 

associated with treatment and management of thrombosis in children.  
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Therefore, the aims of this study are:  

Primary Aims: 

1. To determine the frequency of asymptomatic CVC-related thrombosis in acutely unwell children 

during their PICU admission and the incidence of residual CVC-related thrombosis two years later. 

Hypothesis: The majority of children with radiological evidence of a CVC-related thrombosis will be 

asymptomatic throughout their hospital admission and have no evidence of thrombus two years later. 

2. To determine the frequency and severity of PTS by reporting clinically significant/moderate PTS two 

years following CVC placement in acutely unwell children.  

Hypothesis: Clinical signs of PTS will be uncommon two years after the CVC placement in children admitted 

to a paediatric intensive care unit.  

Secondary aims: 

1. To understand the predictive factors for CVC-related thrombosis and clinically significant/moderate 

PTS in children. 

Hypothesis: D-dimer and Factor VIII levels measured within 72 hours of CVC placement will be predictive of 

asymptomatic CVC-related thrombosis and clinically significant/ moderate PTS in children. 

2. To optimise the scoring criteria for severity of PTS in children. 

Hypothesis: Measurement of the severity of PTS in children is best conducted using both the Modified Villata 

and Modified Manco-Johnson PTS scoring tools.  

3. To provide recommendations on the implications of routine ultrasound screening of acutely unwell 

children with CVCs 

Hypothesis: Routine ultrasounds screening are not indicated in acutely unwell children with CVCs due to the 

low risk of morbidity and mortality associated with asymptomatic CVC-related thrombosis. 

 

The methods used to address these aims in a cohort of children with a CVC in PICU will be described in detail 

in the next chapter.  
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CHAPTER 2 - METHODOLOGY 

 

2.1 Introduction 

This thesis reports a prospective cohort study of children admitted to the Paediatric Intensive Care 

Unit (PICU), at the Royal Children’s Hospital (RCH), Melbourne who required a central venous catheter 

(CVC). This study aimed to determine: the frequency of asymptomatic CVC-related VTE in cohort of 

children admitted to PICU; the incidence of residual CVC-related thrombosis two years following CVC 

placement and the subsequent incidence of clinically significant PTS two years following CVC 

placement. The study also sought to identify risk factors predictive of CVC-related VTE and clinically 

significant PTS and determine the utility of ultrasound screening for asymptomatic CVC-relate VTE in 

acutely unwell children. A prospective longitudinal cohort study was conducted in which data was 

collected at two time points; Phase I data collection occurred during the child’s PICU admission and 

included a screening ultrasound of the blood vessel(s) where the CVC was placed; Phase II data 

collection occurred approximately two years following CVC placement. This chapter will describe in 

detail the methodology used for recruiting the sample, collecting and analysing the data.  

 

2.2 Participants 

2.2.1 Setting and Sample 

The RCH is a tertiary referral centre for cardiac surgical patients for the states of Victoria, Tasmania, 

South Australia and the Northern Territory. The PICU at the Royal Children’s Hospital admits 

approximately 1000 children per annum (149).  
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2.2.2 Inclusion Criteria  

1. Children admitted to PICU requiring a CVC in the jugular or femoral veins that remains insitu 

for more than 24 hours. 

Rationale:  

Visualisation of the jugular and femoral veins using Doppler ultrasound has been demonstrated to 

have high specificity and sensitivity (142). Both the jugular and femoral veins can be compressed, 

allowing for accurate diagnosis of intra-luminal filling defects and echogenic material. The ability to 

compress a vein and the identification of echogenic material, together with assessment of venous 

flow, are the crucial characteristics required for the diagnosis of venous thrombosis (16, 74, 142, 150). 

As ultrasound was the only imaging modality available for the conduct of this study, inclusion criteria 

was restricted to children with jugular or femoral CVCs to ensure accurate diagnosis of asymptomatic 

CVC-related thrombosis.  

 

2.2.3 Exclusion Criteria  

1. Children with CVCs placed in the subclavian vein.  

Rationale:  

Doppler ultra-sonography of the intra-thoracic venous system (including subclavian vessels) in 

children is insensitive to the detection of thrombosis as compressibility of veins cannot be assessed 

within the thoracic cage and visualisation of venous flow is obscured by bones and lung tissue (4). 

 

2. Children who have had a previous CVC within the same blood vessel within the last three 

years.  

Rationale:  

One paediatric study and multiple adult studies of symptoms of PTS following a CVC-related 

thrombosis report that the development of signs of PTS could be observed at a median follow up time 
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of 13 to 37 months (26, 66, 151). By excluding children who may have existing signs and symptoms of 

PTS due to a previous CVC that was placed in the last three years, the data collected about signs and 

symptoms of PTS observed in children in this study can be attributed to the child’s current CVC with 

more confidence.  

 

3. Children who reside outside of Victoria and have no planned follow up at RCH 

Rationale:  

For children who reside outside of Victoria,  it was deemed unreasonable to expect families to travel 

from interstate just for the 24 month follow up ultrasound and PTS assessment if they had no planned 

followed up at RCH . The follow-up visit was estimated to take approximately 30 minutes so children 

residing in rural Victoria or interstate were only approached for consent if they had ongoing follow up 

at RCH and the study follow up visit could be scheduled at the same time as a routine outpatient 

appointment. The study did not have funding available to support families with the cost of travelling 

interstate to attend this follow up appointment. 

 

2.2.4 Sample Size 

Based on previous published papers the incidence of PTS can range from 12.4% to 63% in children 

who have had a VTE (112). Based on the incidence rate from the largest registry of VTE published (with 

a PTS incidence of 12.4%) sample size calculation (with 95% confidence interval and population 

proportion 0.5) estimated that between 73 and 171 children were required for a study to produce 

statistically significant results related to the incidence of PTS. The incidence of PTS in children with 

CVC-related VTE has been reported in three studies of children with cancer (not the specific population 

under study) and ranged from an incidence of 6% to 39%, in cohorts of between 50 and 70 children. 

Sample size calculations based on this data specifically about PTS following CVC-related thrombosis 

(with 95% confidence interval and population proportion 0.5) estimated that between 87 and 163 
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children were required. A prospective cohort of 200 children will therefore allow for potential drop-

outs.  

 

The study was not powered to examine risk factors for symptomatic thrombosis. The study was 

powered to examine risk factors associated with the development of asymptomatic CVC-related 

thrombosis and resultant PTS. Preliminary data was used to perform a post-hoc power calculation to 

inform whether revision of estimated sample size was required.  

 

Preliminary analysis conducted in June 2013 after 105 ultrasounds had been performed found an 

incidence of asymptomatic CVC-related VTE of 17.8% (n=14). Based on a median incidence of PTS of 

12% following CVC-related VTE reported in the literature, it was assumed that in this cohort of 105 of 

whom 14 had CVC-related VTE, two children may then go on to develop PTS (32, 40, 57, 82, 85, 99, 

100, 110). In a cohort of 200 patients, therefore between four and five patients may develop PTS. A 

95% confidence interval was also calculated for this incidence (4.5) and was determined to be 0.007 

to 0.054, signifying that whilst the incidence of PTS was low, it was still deemed clinically significant 

that up to 5.4% of patients may develop PTS based on the initial incidence of CVC-related VTE and 

projected incidence of PTS in a cohort of 105 patients. The preliminary post hoc analysis demonstrated 

that the sample size was sufficient to determine a clinically significant incidence of PTS resulting from 

CVC-related VTE.  

 

2.2.5 Feasibility 

Of the children admitted to PICU each year, over 40% have CVC placed due to cardiac surgery and a 

further 30% require a CVC for medication support (149). This data indicates that recruitment of 200 

children with CVC within an eighteen month period was feasible and practical in this setting. The 

median length of stay for children in the PICU was 1.3 days, whilst the mean length of stay across one 
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year was 3.7 days (149). This information indicates that conducting an ultrasound 24 to 72 hours after 

the insertion of the CVC was feasible (see section 2.4.1).  

 

2.2.6 Education to staff and promotion of study 

Table 2.1 details the education provided to staff on PICU and the communication strategy for the 

study. A PowerPoint presentation about the study was developed to present to nursing and medical 

staff (Appendix 1). Fliers about the study were placed in the PICU write up room to remind all staff 

about the study and the inclusion criteria for the study (Appendix 2).  

 

Table 2.1: Education to staff about Phase I Data Collection 

Education component Details  

Education sessions with PICU nursing staff 3 sessions (two afternoon, one evening) 

PICU medical registrars One session 

Email communication - cardiac surgeons  

- cardiologists  

- nurse unit manager of Koala (cardiac 

ward)  

- nurse unit manager of PICU  

- PICU medical team  

Meetings  Director of Medical Imaging and sonographers 
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2.3 Recruitment  

The principle investigator (SJ) was dedicated to recruiting children for the study approximately 5 days 

per week for a 17 month period between September 2012 and January 2014. Participants were 

recruited from the PICU, cardiology pre-admission clinic and the cardiac ward.  

 

2.3.1 Paediatric Intensive Care Unit (Rosella) 

Eligible children were identified by medical and nursing staff within the PICU and the Principle 

Investigator (PI) on a daily basis. The parents of eligible children were approached by the PI, who 

provided the parents with an information statement about the study and consent form (Appendix 3). 

The parents had the opportunity to discuss the study with the PI, with their family, another health 

professional or a person independent of the study if they wished to. Written informed consent was 

obtained from the children’s parents/ guardian prior to the child’s enrolment in the study. 

 

2.3.2 Cardiology Pre-admission Clinic 

Forty-one percent of children in PICU with a CVC insitu require a CVC and admission to PICU following 

cardiac surgery (149). Many of these children have elective cardiac surgery which is organised by the 

Cardiac Nurse Coordinator, in consultation with the cardiac surgery team. These children have a 

preadmission day prior to surgery for pre-surgical procedures (blood collection, echocardiogram, 

anaesthetic review) and to discuss informed parental consent for the surgery with the cardiac surgeon. 

The cardiac surgeons, pre-admission nurse, the cardiac nurse coordinator or the PI provided the family 

with the study information statement and consent form and asked families prior to the child’s cardiac 

surgery if they were happy to be approached by the PI about the study. The parents had the 

opportunity to discuss the study with the PI, their child’s cardiac surgeon or another health 

professional on this day. The family also had more time to discuss it with their family prior to discussing 

consent with the PI. Eligibility of children was then confirmed by medical and nursing staff in PICU and 
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the PI, as the placement of the CVC could not be determined prior to cardiac surgery. The pre-

admission nurse, cardiac nurse coordinator or the PI explained to the family that the child might not 

be eligible for the study if the CVC was not placed into femoral or jugular veins. 

 

2.3.3 Cardiac Ward (Koala) 

As stated, nearly half of the children with CVCs in PICU require these CVCs post cardiac surgery. 

Children with CVCs in PICU often wait for their surgery on the cardiac (Koala) ward. During this time 

the patients are more stable and hence it was identified that this may be an appropriate time to talk 

with families about participation in the study.  Children eligible for the study (i.e. those having cardiac 

surgery during their current admission) were identified via the cardiac surgery operating list and 

liaison with the staff on the Koala ward. The parents of eligible children were approached by the PI, 

who provided the parents with an information statement about the study. Parents of eligible children 

were not asked if they wish to meet the PI by Koala staff prior to being approached about the study. 

This recruitment strategy allowed families time to consider participation at a less stressful time for 

them, when their child is clinically stable. Informed consent was obtained from the children’s parents/ 

guardian prior to the child’s enrolment in the study. 

 

2.4 Data Collection Procedure 

Data was collected at two time points; the first time point (Phase I) was at the time of the child’s CVC 

insertion and admission in PICU and the second time point was approximately two years after CVC 

placement (Phase II). Phase II aimed to assess each participant for the presence of clinical signs and 

symptoms of PTS and to determine the presence of VTE with radiological methods. This follow up 

assessment occurred on one day in the outpatient setting, on a day that was suitable for the 

sonographer, PI and family. 
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2.4.1 Timing of Phase I Ultrasound 

Previous literature indicates that CVC-related thrombosis can develop anytime within the first seven 

days of the CVC being insitu (39, 152). DeCicco et al (1997) determined 64% of adult cancer patients 

developed a CVC-related DVT within 8 days of CVC insertion (152). This number only increased to 66% 

on CVC day 105. Beck et al (1998) reported that almost all CVC-related DVT in PICU patients developed 

within the first 4 days of CVC placement (85). Krafte-Jacobs studied the incidence of CVC-related DVT 

in a PICU using ultrasound on day 3 of CVC placement and then weekly for the duration of the CVC 

(39). They reported 26% of children in a PICU requiring a CVC developed a VTE and duration of the 

CVC did not influence the rate of thrombosis identified. Finally, Faustino et al (2011) reported 58.6% 

of CVC-related DVT diagnosed in a cohort of 1000 PICU patients presented within 7 days of CVC 

insertion (98).  

 

The time period of 24 to 72 hours was chosen as the average length of stay in PICU is between one 

and three days and many children have their CVC removed prior to discharge from PICU. The 48 hour 

window in which the ultrasound was performed allowed for variations in the availability of the 

sonographers to perform the ultrasounds. It was expected that the majority of patients recruited for 

the study would be post cardiac surgery and the average length of stay in hospital post cardiac surgery 

is five days. Hence it was important that the ultrasound be performed prior the child’s discharge. 

 

Whilst the preferred time for the ultrasound was 24 to 72 hours post CVC insertion, due to the limited 

availability of the sonographers over the weekend, if required, the ultrasounds could be performed 

up to five days after the CVC was inserted.  Every attempt was made to ensure that the ultrasound 

was performed within 72 hours of the CVC insertion, but in the event that the ultrasound could not 

be performed in this time period (especially if it coincided with the weekend), the ultrasound could 

still be performed any time prior to the child’s hospital discharge. This increased the likelihood of 

complete data collection for every study participant 
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2.4.2 Data Collected 

Table 2.2 provides a brief outline of the variables of interest in this study. The complete data collection 

information is presented in the purpose designed data collection tool (Appendix 4). The data collection 

tool was trialled on the first 10 participants recruited and refinements to improve the ease of 

completion were made at this point. Definitions of the patient-related risk factor variables listed in 

Table 2.2 are described in detail in Table 2.3 

 

Table 2.2: Data Collection Variables 

Time point One: Admission (phase I) 

Demographics age, gender, weight, height, diagnosis, reason for CVC, reason for 

admission to PICU 

CVC factors type of CVC, placement, size of lumen, time insitu, infusions, 

thromboprophylaxis 

CVC complications (occlusion, infection, thrombosis) 

Patient-related risk 

factors 

Hypercoagulability: including immobility, hydration status, family history 

of thrombosis, markers of thrombotic activity (D-dimer, CRP, factor VIII), 

previous CVC, time of previous CVC. 

Clinical signs of 

thrombosis 

 pain, swelling, oedema, redness 

Ultrasound  Post insertion of CVC  and prior to hospital discharge 

Time point Two: 24 month follow up (phase II) 

PTS assessment Villata Instrument (117)  

Manco-Johnson Instrument (153) 

Ultrasound Venous system proximal to location of CVC 
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Table 2.3: Definitions of Variables 

Variable Definition 

Thromboprophylaxis Administration of unfractionated heparin (UFH), low molecular weight 

heparin (LMWH) or other anticoagulants for the purpose of preventing 

CVC-related thrombosis.  

Standard practice at RCH is for all children post cardiac surgery with a CVC 

insitu to receive UFH administered at a minimum rate of 10 units per 

kilogram per hour, until the CVC is removed. 

Hypercoagulability State of increased risk of thrombosis due to inherited thrombophilia, 

dehydration, prolonged immobility, poor blood flow, blood vessel injury.  

Immobility 

 

Child cannot be moved without great difficulty or deterioration in 

condition.  

Child has been administered a general anaesthetic   

Hydration status 

 

Hydration will be determined by serum sodium, evidence of any renal 

impairment, current fluid balance and clinical signs such as capillary refill 

time and skin turgor.  

Evaluation of the serum sodium to inform patient’s state of hydration will 

be guided by the published recommendations in the RCH Clinical Practice 

Guideline: 

Hyponatraemia (Na+ <135) 

Normal (Na+ 135 -149) 

Moderate Hypernatraeimia (Na+ 150 -169) 

Severe Hypernatraemia (Na+ >169) 

Sepsis 

 

Procalcitonin level >2ng/ml 

Positive blood culture 
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IT ratio >0.2 

fever/ temperature instability (>38ºC) 

Sustained 

hypotension 

- mean arterial pressure < 30mmHg for neonates 

- mean arterial pressure <45mmHg for older children 

- >3 consecutive measurements 

- >6 measurements in a 24 hour period 

MET Criteria 

Age    BP (systolic) 

Term-3 months   <50 

4-12 months   <60 

1-4 years   <70 

5-12 years   <80 

12 years+                          <90 

Paediatric Index of 

Mortality II (PIM2) 

score 

Calculated within an hour of admission to PICU. Collected for all 

admissions to PICU at RCH as standard practice (154, 155). Collected as a 

probability of death score. 

Major bleeding  

 

“composite of” fatal bleeding; clinically overt bleeding associated with a 

fall in haemoglobin level of 20 g L or more in a 24 hour period; bleeding 

that is retroperitoneal, pulmonary, intracranial or involves the central 

nervous system; and bleeding that requires surgical intervention in an 

operating suite (51) (p. 1857). 

Clinically relevant 

non-major bleeding 

a composite of overt bleeding requiring a blood transfusion which “is not 

directly attributable to the patient’s underlying medical condition and 

bleeding that requires medical or surgical intervention to restore 

haemostasis, other than in an operating suite” (51) (p. 1857). 
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2.4.3 Clinical Data 

Clinical data was sourced from the patient’s medical history at the time of their admission and 

following the patient’s discharge from hospital by accessing patients’ medical history on the hospital’s 

Electronic Scanned Medical Record system. Data was also collected using the hospital pathology and 

imaging reporting system. Data was also collected from patients themselves and their parents, 

verbally and from the ultrasounds conducted by sonographers from medical imaging department. All 

data was entered on to the hard copy data collection sheet.   

 

2.4.4 Diagnostic Imaging Procedure 

All ultrasound images were acquired using the Siemens S2000™ ultrasound machine with 9L4 

transducer. Where access was limited by way of patient habitus/anatomy and wound dressings, 5C2, 

14L5 and 10V4 transducers were employed.  

 

The patient was positioned supine or as close to supine as permitted by their clinical condition. This 

increased the distension of the vessels improving visualisation. When imaging the neck vessels the 

patients head was rotated to the contralateral side by approximately 30 degrees. Image optimisation 

features were employed to improve vessel wall and thrombus visualisation including compounding, 

harmonics, Clarify ™, and edge enhancement. The IJV was interrogated from the angle of mandible to 

confluence with SCV. The SCV from the axilla to the confluence. All vessels were imaged in long and 

short axis where access permitted. Colour Doppler and compression were used to identify the 

presence of echogenic filling defects. Echogenic filling defects were characterised as occlusive 

thrombus, non-occlusive thrombus, wall thickening and fibrin bands/ sheaths. The definitions of these 

filling defects are presented in the next section.  
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2.4.5 Diagnostic Imaging Definitions 

Reports and descriptions of the location of VTE vary across the literature; some studies only 

categorised VTE as located in the upper or lower venous system whilst other studies listed the exact 

location of the venous thrombosis (37, 40, 41, 46-48, 53-64). In this study, upper venous system VTE 

included thrombosis within the internal jugular, subclavian, brachiocephalic, superior vena cava, right 

atrium, portal, hepatic and renal veins; lower venous thrombosis is inclusive of thrombosis in the 

pelvic vessels, inferior vena cava (IVC), femoral veins,  iliac veins (internal and external) and popliteal 

veins (41).   

 

When a participant had a CVC placed into the jugular vein, the sonographer performed an ultrasound 

of the jugular, brachiocephalic, subclavian vein on the same side as the CVC. The other side was not 

examined. If the participant had a CVC placed into either the right or left femoral vein then the 

ultrasound examined the external iliac vein, common femoral vein and femoral vein only on the same 

side as where the CVC was placed.  

 

As stated, filling defects were used to identify thrombosis and were characterised as occlusive 

thrombus, non-occlusive thrombus or fibrin bands/ sheaths. Wall thickening was also reported. The a 

priori definitions of thrombosis and wall thickening used for the study are presented in Table 2.4.  
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Table 2.4 Definitions of Thrombosis and Wall Thickening 

 Definition 

Occlusive thrombosis Any echogenic filling defect that completely occludes flow through a 

named vessel and/ or inability to compress the vessel 

Non-occlusive thrombosis A echogenic filling defect that partially occluded flow through a named 

vessel; fibrin sheath/ band causing luminal narrowing; catheter tip 

thrombus 

Wall thickening Excessive thickening or calcification of a vessel wall 

 

2.4.6 Ultrasound Data Collection Sheet 

A data collection sheet was purposely designed in collaboration with the sonographers to ensure 

clarity and consistency in data collection and for ease of completion (Appendix 5). For each vessel 

examined, the sonographer selected one of the following options: ‘no flow detected’, ‘occlusive with 

visualised thrombus’, ‘non-occlusive thrombus’ or ‘no thrombus – patent’. The sonographer also 

noted whether each vessel was ‘seen in entirety’, vessel not seen in entirety or if there was ‘wall 

thickening’ of the vessel. The sonographer noted if the scan quality was ‘poor’, ‘good’ or ‘excellent’. 

The sonographer also noted if the dressings impeded view of the vessels and noted if there was ‘no 

access’, partial obstruction’ or ‘full access’.  For ultrasounds of the lower venous system, specifically 

the common femoral vein and femoral vein, compressibility was also assessed.  

 

2.4.7 Blinding of Ultrasound Results 

The sonographers conducting the ultrasound and radiologists reporting the ultrasounds kept the 

results of the ultrasound blinded from all research and clinical staff. If the children participating in the 

study developed clinical signs of a CVC-related VTE (clinical signs and symptoms include swelling, pain, 

oedema, redness at the site of CVC insertion and CVC occlusion.) within 24 hours of the study 
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ultrasound then the result of the ultrasound was made available to the clinical team to inform 

decisions about management. If outside of 24 hours, then a separate ultrasound was performed for 

diagnostic purposes as per standard practice at RCH.   

 

Rationale: Evidence from studies investigating VTE in critically ill adults suggests that diagnosis of 

asymptomatic VTE is not a reliable predictor of symptomatic VTE or pulmonary embolus (18). Relying 

on the development of clinical signs and symptoms of thrombosis is the safe and established method 

of deciding when to treat patients with anticoagulant therapy and potentially expose them to the risks 

associated with this therapy (18). There is no evidence available in adult or paediatric studies to 

support the treatment of asymptomatic thrombosis in order to prevent possible symptomatic 

thrombosis in critically ill patients.  

 

The majority of studies investigating the treatment of thrombosis in adults are randomised controlled 

trials in which study personnel, clinicians and patients are blinded to the treatment the patient 

receives and also to the outcomes of the study investigations (including ultrasounds) (156, 157). This 

ensures that standard or “usual” care is delivered, to minimise or eradicate the risk of the preliminary 

study results influencing the patient’s treatment and vice versa (156). A large adult prospective study 

of DVT incidence in an ICU setting also blinded the results of ultrasounds to all study personnel for 

these reasons (158). Additional adult evidence further suggests that ultrasound screening for 

thrombosis in clinical studies is useful for research purposes to ascertain the prevalence and incidence 

of thrombosis, but that routine ultrasound surveillance is not indicated or recommended in the clinical 

setting (157, 158). Emerging paediatric evidence supports this (2, 36). 

  

By ensuring that the ultrasound results remained blinded in this study, the opportunity to produce 

reliable, unbiased results was maximised, as ultrasound evidence of an asymptomatic thrombosis did 
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not result in a change of treatment for the patients (158). Hence, the true natural history of 

asymptomatic CVC related VTE could be determined.   

 

2.4.8 Reporting of Diagnostic Imaging 

Upon completion of the ultrasound by the sonographer the ultrasound images and data collection 

sheet were sent to a radiologist for reporting. In Phase I one the study the ultrasounds were reported 

by one of two radiologists (TC and PR). All Phase II ultrasounds were reported by TC. After phase I data 

collection was complete (January 2014) the ultrasound reports were made available for all clinicians 

to view on the hospital laboratory database and radiology database. The PI (SJ) remained blinded to 

all Phase I and Phase II ultrasound reports until the individual subject had completion of their Phase II 

data collection. All Phase II ultrasound reports were made immediately available for viewing by all 

hospital clinicians.  

 

2.4.9 Inter-rater Reliability of Diagnostic Imaging  

To increase the methodological rigour of the study it was confirmed that the ultrasounds were 

reported consistently by determining the inter-rater reliability (IRR). Two radiologists (TC and PR) 

reported the Phase I blinded ultrasounds and to conduct the IRR, each of the two radiologists reviewed 

a random sample of ultrasounds reported by the other radiologist. 

 

This is the procedure followed to perform the inter-rater reliability:  

- A random selection of normal ultrasounds and a random selection of abnormal ultrasounds 

from Phase I reported by both radiologists was assembled.  

- Each radiologist reviewed a sample of abnormal and normal ultrasounds reported by the other 

radiologist, but blinded to the report.  
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- Each radiologist was able to access the sonographers’ worksheet with the images and then 

write another report on a new worksheet. 

- The PI reviewed the reports from both radiologists and then calculated the level of agreement.  

- Importantly, with the abnormal scans, the second review ascertained if wall thickening, fibrin 

sheath, non-occlusive and occlusive thrombosis were being reported consistently and in the 

same vessels.  

 

2.4.10 Collection and Storage of Plasma Samples 

The study used residual plasma from blood collected from the children for routine clinically indicated 

coagulation tests during their admission to PICU.  The nature of the clinical tests ordered and the 

amount of blood collected determined how much platelet poor plasma was left over and could be 

used for study purposes. The assays performed on the residual plasma were D-Dimer and Factor VIII 

assays. If there was no residual plasma available from any of the blood samples collected for 

coagulation tests whilst the child was in hospital, no additional blood was taken from the child for the 

study. After blood collection from each child for the clinically indicated coagulation tests into citrated 

blood tubes, the tubes were centrifuged at 3800rpm (2500g) at room temperature for 10 minutes and 

stored at -20c. 

 

The residual plasma samples from each participant were obtained by the PI from the RCH 

Haematology Laboratory and processed for freezing. This involved centrifuging the plasma at 3000 

rpm for 10 minutes at 10 degrees Celsius and then pipetting the plasma into 250µL aliquots, labelled 

with the appropriate lab number. The samples were stored in a secure and monitored minus 80 degree 

Celsius freezer.  

 

Medical scientists from the RCH Haematology laboratory performed the D-dimer and Factor VIII 

assays. D-dimer assays were performed on any residual plasma that was processed and frozen within 
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eight hours of sample collection. Factor VIII assays were performed only on plasma samples that were 

processed and frozen within four hours of sample collection, as per the protocols established by the 

RCH Haematology Laboratory.  

 

The freezer used for plasma storage belongs to the Haematology Research Group at the Murdoch 

Children’s Research Institute. The PI is a member of this research group and has access to this freezer. 

No identifying information was recorded on the samples whilst they were stored. In accordance with 

the RCH Human Research Committee’s ethics approval, the samples will be kept for 7 years after the 

youngest participant turns 25 years or 15 years after the completion of the study, whichever date is 

later. After this time the samples will be destroyed. 

 

2.4.11 D-dimer Assay  

D-dimer is a quantitative assay performed using a STA-Liatest D-Di Plus (Diagnostica Stago, Asnières, 

France) kit and analysed using the STAR-Evolution analyser (Diagnostica Stago, Asnières, France). This 

is a fully automated kit appropriate for the STAR-Evolution analyser (Diagnostica Stago, Asnières, 

France) and the results are expressed in ng/mL (as fibrinogen equivalent units). Frozen plasma was 

thawed at 37°C in a water bath for approximately 15 minutes. The plasma was mixed well, but gently, 

prior to testing. Approximately 50 µL of plasma was used for the assay.  

 

2.4.12 Factor VIII Assay 

The RCH Haematology Laboratory performs testing for factor assays on the STA-R Evolution 

automated coagulation analyser (Diagnostica Stago, Asnières, France). The STA-Immunodef XII 

automated kit (Diagnostica Stago, Asnières, France) is used in combination with PTT-A to analyse 

Factor VIII assays on the STA-R Evolution coagulation analyser (Diagnostica Stago, Asnières, France). 

Factor VIII activity is expressed as a percentage. Frozen aliquots of plasma were thawed at 37°C in a 
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water bath for a minimum of five minutes and no longer than 10 minutes. Thawed aliquots were mixed 

gently but thoroughly. All bubbles were removed prior to loading the plasma onto analyser for testing. 

Approximately 100 µL of plasma was used for the assay.  

 

2.4.13 Children Readmitted to PICU during Current Hospital Admission 

A sub-group of children recruited for the study were re-admitted to PICU during their current hospital 

admission. Data regarding any participant’s re-admission to PICU and insertion of a second CVC during 

the current hospital admission was collected. If the participant had a second CVC placed into the same 

vessel as the first CVC after the study CVC had been removed, this data was recorded.  

 

2.4.14 Strategies for Retention of Participants 

The study originally planned to review all participants and perform Phase II data collection 12 months 

after each child had their CVC placed. This time frame was extended to two years after the CVC was 

placed as the PI (SJ) required 12 months of maternity leave. The extended period of follow up was 

beneficial as it provided a longer time frame to assess the impact of the CVCs on the risk of PTS in this 

cohort. 

 

To inform participants of the delay in follow up and help to keep families interested in the study, 

letters were sent to all participants (Appendix 6) (unless a participant had died during their admission) 

informing them of the change in protocol. This change to the protocol was approved by RCH’s Human 

Research Ethics Committee (HREC) (Appendix 7).  

 

To further enhance the retention of participants to Phase II of the study, appointments for Phase II 

data collection were scheduled on Saturdays or at mutually convenient time for the PI, sonographer 



119 

and family. If participants had an upcoming outpatient appointment at RCH, appointments for Phase 

II were scheduled on the same day as the existing appointment, where possible. 

 

2.4.15 Participant deaths during study period 

In the event that a participant died in the interval period between Phase I and Phase II data collection 

(two years), the participant’s medical history was reviewed by the PI to determine the preliminary 

cause of death. The participant’s ultrasound results were reviewed to determine if thrombus was 

present. If any participants who died had thrombus identified on the blinded ultrasound, these 

participants also had their medical histories reviewed by three independent clinicians.  The three 

clinicians included an intensivist, a cardiac surgeon and a haematologist. This process was considered 

necessary to be determine if any participant deaths during the study period were related to a 

thrombotic event, identified on the blinded ultrasound.  

 

A data collection sheet for each of the clinicians to complete was created (Appendix 8). Upon 

reviewing each participant file, the clinicians’ collected and documented the appropriate data and any 

comments on the data collection sheet. This data collection sheet was added to the appropriate study 

participant files which were stored in a locked filing cabinet in the PI’s office. Each of the three 

clinicians completed these reviews within a month of receipt of the participant files from the PI. The 

reviews were conducted by clinicians at RCH.  

 

2.4.16 Contacting Participants for Phase II Data Collection 

Participants and their families were contacted via letter (Appendix 9) with a scheduled time for the 

child’s Phase II (follow up) ultrasound to be performed and physical assessment to identify the 

presence of PTS completed.  The appointments were scheduled approximately two years following 

the child’s recruitment on to the study and the initial placement of their CVC. If families did not attend 
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the scheduled appointment they were contacted by phone to schedule another appointment at a 

mutually convenient time. The hospital system for recording all patient admissions and outpatient 

appointments, IBA, was used to identify participants scheduled outpatient appointments so that the 

study follow up assessment could be performed on the same day, where possible.  

 

If families did not attend a scheduled appointment, made in consultation with the family, on two 

occasions and/or could not be contacted by phone, a letter (Appendix 10) was sent to the family 

requesting they return a response slip registering a) their continued interest in the study and b) 

nominating a suitable time for them to attend the hospital for their child’s follow up appointment. 

 

If families did not wish to attend the follow up appointment, following their receipt of the letter , 

families’ had the option of answering 10 tick box questions and two short answer questions regarding 

their child’s current health status and return this to the research team. Families were also requested 

to provide a photo of the skin around the area where their child’s CVC was placed (neck/arms/legs). 

The photo was not to be used in any presentations or reproduced in any way. Answering the questions 

and providing a photo enabled the researchers assess if the participant has any signs or symptoms of 

PTS, such as swelling or extra, small blood vessels on the surface of the skin. Families were requested 

to return their answers and the photo in a reply paid self-addressed envelope or via email to the PI, if 

this was more convenient for the family.  

 

If families did not return either the response slip nominating a time for their child’s follow up 

appointment or the questions regarding their child’s current health status, it was assumed that the 

family did not want their child to continue their participation in the study and they were not contacted 

again. 
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2.4.17 Phase II Data Collection - Rural/ Interstate Participants 

If rural or interstate participants (who had ongoing follow up at RCH) had a scheduled outpatient 

appointment at RCH, then an appointment for their follow up ultrasound and physical assessment was 

made on the same day and they were sent an appointment letter (Appendix 9).  

 

If rural participants did not have any scheduled outpatient appointments at RCH during 2015 or before 

30th April 2016, the families were contacted via letter (Appendix 11) to ask if there was a suitable time 

for them to travel to Melbourne to attend the appointment. Rural and interstate families were given 

the option to have the ultrasound performed locally, if they were unable to travel to Melbourne. If 

the family elected to have their child’s ultrasound performed locally, they were asked to answer 10 

tick box and two short answer questions regarding their child’s current health status and return their 

answers to the research team in a reply paid self-addressed envelope. Families were also requested 

to provide a photo of the skin around the area where their child’s CVC was placed (neck/arms/legs). 

The photo was not used in any presentations or reproduced in any way. This photo enabled the 

researchers to assess if the participant had any symptoms of PTS, such as swelling or extra, small blood 

vessels on the surface of the skin. The questions and photo could also be emailed to the PI if this was 

more convenient for the family.  

 

If families did not return either the response slip nominating a time for their child’s appointment or 

the questions regarding their child’s current health status, it was assumed that the family did not want 

their child to continue their participation in the study and they were not contacted again. 

 

2.4.18 Post Thrombotic Syndrome Assessment - Location and Timeframe of Assessment 

Assessment for the signs and symptoms of post-thrombotic syndrome in participants were performed 

at the time that children presented to the hospital for their Phase II ultrasound (as described). The 
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assessments were performed by the PI (SJ) who was blinded to both Phase I and Phase II ultrasound 

results at the time of performing the PTS assessments. Assessments were performed in a treatment 

room in the Medical Imaging department where the ultrasound was performed, in the presence of 

the child’s parent/s or guardian/s.  

 

There are two PTS assessment tools appropriate for use in children currently,  the modified Villalta 

and the Manco-Johnson instruments,  and both tools were used to assess PTS in this study (54, 124). 

The rationale for the use of both tools in PTS assessment is that neither tool fulfils all criteria of a 

validated tool that is applicable for the evaluation of VTE in children (121). More detail regarding each 

tool is provided in the next two sections.  

 

2. 4.19 Modified Villata Scale 

At the Phase II follow up visit the Modified Villata Scale (MVS) was used to assess PTS (Appendix 4). 

Kuhle et al. (2003) modified the Villalta PTS scale for use in children. According to the scale 

administration guidelines, children (and/ or their parent or proxy) were asked if they have experienced 

pain in their extremity relevant to the site of the CVC; children with jugular CVC were asked if they 

had pain in the affected arm, children with femoral CVCs were asked if they ever experience pain in 

the affected leg (54, 159). If the child stated that they had pain they were asked when this pain 

occurred and it if it affected their ability to use the extremity. Parents/ proxies were also asked if they 

had additional information about the child’s experience of pain. Children (and their parent or proxy) 

were also asked if they ever experienced swelling in the relevant extremities. Children with jugular 

CVCs were also asked if they ever experienced neck, head or facial swelling without explanation. If a 

child, parent or proxy reported swelling, the nature of the swelling and times that it occurred was 

documented.  
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Limb circumference was assessed by measuring the circumference around the midpoint of both 

extremities; the mid-point of the upper arms (proximal) for children with jugular CVCs and the mid-

point of the thigh (proximal) in children with femoral CVCs. An increase in limb circumference was 

defined as greater than 3% difference in affected extremity compared to contralateral side (121). 

Children were assessed and inspected for the presence or absence of the following objective signs in 

the affected extremity: change in limb colour, pitting oedema (using palpation), collateral vessels, 

pigmentation, tenderness of palpation, oedema of the head, varicosities and ulceration (54). 

 

The two symptoms and six of the signs were allocated either a score of ‘zero’ if the symptom or sign 

was absent and ‘one’ if the symptom or sign was present. Oedema of the head and varicosities were 

allocated a score of ‘zero’ if absent, ‘one’ if present or ‘two’ if severe. There is no definition of severe 

oedema or varicosities discussed in the literature pertaining to the MVS. The presence of ulceration 

results in an “automatic” severe PTS rating. The maximum score that can be obtained using the MVS 

is 12. A score of one to three equals a diagnosis of mild PTS; a score of four to eight is classified as 

moderate PTS and a score of greater than eight is regarded as severe PTS (54, 159) 

 

2.4.20 Manco-Johnson PTS Instrument 

The Manco-Johnson instrument (Appendix 4) uses the “basic Clinical-Etiologic-Anatomic-

Pathophysiology” component of the chronic venous insufficiency scale development by the American 

Venous Forum (122). The Manco-Johnson instrument (MJI) combines this tool with the Wong-Bakes 

“faces” scale for the assessment of paediatric pain,  comparing physical signs and pain symptoms of 

the limb affected by VTE and the unaffected limb (112, 123). Since Manco-Johnson first trialled the 

combined instrument in children in 2003, the instrument has been validated in children with both 

lower extremity and upper extremity VTE (107, 120).  
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In children assessed at Phase II for PTS using the MJI, pain was assessed by asking children to describe 

any they pain experienced in the affected extremity during either aerobic exercise, activities of daily 

living or at rest. If children or their parent/ proxy reported pain at any time the child was asked to rate 

their pain using the Wong-Baker Faces pain scare (a score of zero to five). The child was also asked if 

pain interfered with their ability to participate in normal activities. 

 

Limb-circumference at the mid-proximal and mid-distal point of the appropriate extremities was 

measured. The mid-proximal and mid-distal points of the extremity were calculated by measuring the 

length of the lower and upper leg (calf and thigh) or arm and identifying the mid-point of each, 

following the instrument guidelines (160). A greater than one centimetre increase in affected 

extremity compared to contralateral side was defined as an increased limb circumference (120).  

 

Five physical signs were also assessed in the children by inspecting the affected extremity: the 

presence of visible or palpable venous disease; the presence of swelling (with or without pitting 

oedema); the presence of dilated collateral circulation and skin changes such as changes in 

pigmentation or venous eczema. Skin changes with ulceration or superior vena cava syndrome were 

also assessed to be present or absent.  

 

The presence of PTS is defined as a composite score, combining the physical and functional (pain) 

assessment, of one or more.  Using the MJI clinically significant PTS is defined as the presence of both 

a sign and symptom, so a score of one or more on the physical assessment and a score of one or more 

on the functional (pain) assessment (135, 159, 161).  

 

2.4.21 Summary of Data Collection and Outcomes of Study 

Phase I data collection aimed to assess participants for any clinical signs of CVC-related thrombosis, to 

use Doppler ultrasound to determine the presence of any CVC-related thrombosis. At this time, clinical 
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data and plasma were collected to identify to epidemiological factors that may be associated with an 

increased risk of clinically significant PTS or CVC-related thrombosis in this sample. Phase II of the 

study was designed to measure the incidence of all PTS but specifically determine the incidence of 

clinically significant PTS in this sample. Children were also assessed at Phase II using Doppler 

ultrasound for the presence of residual or new CVC-related thrombosis or other vessel abnormalities. 

Definitions of all outcomes for the study are provided in Table 2.5.  
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Table 2.5 Definitions of Outcomes of Study 

Outcome Definition 

Asymptomatic CVC-related 

thrombosis 

The presence of occlusive or non-occlusive thrombus in at least one 

vessel as identified on Doppler ultrasonography and the absence of any 

clinical signs or symptoms of thrombosis of the area 

Symptomatic CVC-related 

thrombosis 

The presence of occlusive or non-occlusive thrombus in at least one 

vessel as identified on Doppler ultrasonography and the presence of at 

least one of the following signs or symptoms: swelling, pain, redness or 

discolouration of the area, dysfunction of the CVC 

Occlusive thrombosis Any echogenic filling defect that completely occludes flow through a 

named vessel and/ or inability to compress the vessel 

Non-occlusive thrombosis A echogenic filling defect that partially occluded flow through one named 

vessel; fibrin sheath/ band causing luminal narrowing; catheter tip 

thrombus 

Wall thickening Excessive thickening or calcification of a vessel wall 

Extensive CVC-related 

thrombosis 

Occlusive thrombus in one or more vessel;  

Non-occlusive thrombus in more than one (>1) vessel with or without 

wall thickening. 

Residual CVC-related 

thrombosis 

Persistent echogenic filling defect or intraluminal abnormality present on 

Phase II ultrasound in same location as Phase I ultrasound 

New CVC-related 

thrombosis 

The development of any thrombosis, defined as an echogenic filling 

defect or intraluminal abnormality present in the vessels where the CVC 

was placed as identified on the Phase II ultrasound, after a negative 

Phase I ultrasound.  
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Clinically significant PTS Manco-Johnson Instrument: clinically significant PTS is defined as the 

presence of both a physical sign and a functional impairment (i.e. a score 

of at least one in both the physical and functional categories (135, 159, 

161).  

Modified Villalta Scale: Moderate PTS is defined as a score of four to 

eight; a score of greater than eight is regarded as severe PTS.  

Moderate or Severe PTS as defined by the MVS is classified as clinically 

significant PTS in this study 

 

2.5 Data Management  

Hardcopy data recorded on the data collection sheet was entered into a purpose built Research 

Electronic Data Capture (Redcap)© database (version 6.16.7, 2016, Vanderbilt University) available 

through the Murdoch Children’s Research Institute. The Redcap© database was piloted to ensure 

entry of data was logical and intuitive.  Data was cleaned once it was all entered into Redcap© by 

sorting the data. Random checks of approximately 25 participant records was performed to ensure 

data was accurately entered onto Redcap©. 

 

2.6 Statistical Analysis 

All data analysis was performed using Statistical Package for the Social Sciences (SPSS) (version 20.0.0, 

2011, IBM Corporation ©). Data in Redcap© (6.16.7, 2016, Vanderbilt University) was exported 

directly into SPSS© (version 20.0.0, 2011, IBM Corporation ©) for analysis. Descriptive statistics were 

performed to analyse all outcome variables and define the demographic characteristics of the sample. 

Continuous variables that were normally distributed were described using mean and standard 

deviation. Continuous variables that were not normally distributed were presented using median and 

range. Percentages and ‘n’ values were presented for categorical values.  
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The factors suspected to be associated with the development of CVC-related thrombosis were 

analysed independently. Continuous variables that were normally distributed were compared using 

the Student’s t test and continuous variables that were shewed were compared using the Mann 

Whitney U test. Categorical variables were compared using the Chi-Square test.  Odds ratios and 

relative risks with 95% confidence intervals were calculated using standard methods, comparing 

participants with and without CVC-related thrombosis at Phase I and II and participants with and 

without clinically significant PTS. A table depicting the variables thought to be associated with the 

development of CVC-related VTE and clinically significant PTS based on the literature is presented in 

Table 2.6.  

 

Table 2.6: Risk factors for CVC-related thrombosis and Clinically Significant PTS 

CVC factors for CVC-related 

thrombosis 

Patient risk factors for CVC-

related thrombosis 

Risk factors for PTS 

Size, site, no. lumen Age, gender Factor VIII 

Length of time insitu Sustained hypotension D-dimer 

Physical location of CVC 

insertion 

Laboratory parameters of 

hydration 

Occlusive thrombus 

CVC site infection Coagulation assays Extensive thrombosis 

CVC complications  PIM2 Score Age 

Anticoagulation dose Acute complications Laboratory parameters of 

hydration 

  Coagulation assays 

 

Where variables of interest demonstrate a statistical significant relationship with the incidence of CVC-

related thrombosis, these variables were used to conduct a logistic regression to further explore this 

relationship. Variables that have been identified in the literature as potential risk factors for PTS were 
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also analysed to establish the degree of association with the subsequent development of clinically 

significant PTS in this cohort of children (see table 2.6). Laboratory results will also be analysed 

comparing participants with CVC-related VTE with those without VTE and participants with and 

without clinically significant PTS.  

 

Correlation between the two PTS scoring tools to determine the severity of PTS were undertaken using 

Pearson’s r correlation coefficient. Cronbach’s alpha was also calculated to determine the internal 

consistency of the PTS scoring tools in this patient population.  

 

2.7 Ethical Considerations 

The study was approved by the institutions’ Human Research Ethics Committee (HREC# 32063) 

(Appendix 7). The consent process is described in detail earlier in this chapter under the sub-heading 

of recruitment. All parents/guardians of eligible children were approached by the PI about the study 

and provided with an information statement and consent form to read at their leisure. The PI returned 

at a later time to discuss the study again if required and discuss consent with the parents/guardians. 

The PI only approached families if it was deemed suitable by the nursing or medical staff caring for 

the patient.  

 

As per the data collection procedure described, following consent and completion of the Phase I data 

collection, participants were contacted via letter to schedule an appropriate time for Phase II data 

collection. If families failed to attend the scheduled appointment for Phase II, the family was contacted 

via telephone on two occasions. If telephone contact was unsuccessful, another letter (as described) 

requesting the family’s attendance was sent. If the family did not respond to this letter then it was 

assumed that the family did not want their child to continue participation in the study. 
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As this study involves the diagnosis of venous thrombosis and/ or clinical signs and symptoms of post-

thrombotic syndrome, the identification of such events may cause distress to the child and his/her 

parents. Referrals to specialist haematologists were made for all children diagnosed with a clinical 

venous thrombosis and/ or post-thrombotic syndrome following the conclusion of the study to ensure 

appropriate follow up care is provided. Families who were distressed by any clinical outcome 

identified by the study were provided with ongoing support by the specialist Haematology team who 

are experienced at caring for children with a thrombosis or post thrombotic syndrome. This support 

included ongoing education and advice to the parents and child about the management of the 

thrombosis and/or post thrombotic syndrome.   

 

As the study recruited a prospective cohort, the investigators did not need to be blinded to any child’s 

participation. However, investigators were blinded to the result of the first ultrasound conducted 

during the child’s admission, as awareness of the ultrasound result (i.e. if a thrombosis is present) may 

change the treatment provided to the child. The PI was also blinded to the Phase II ultrasound result 

until after the child’s PTS assessment had been performed to avoid bias influencing the assessment of 

PTS by the PI. Current practice is for a child to have an ultrasound only in the presence of clinical signs 

or symptoms of CVC-related thrombosis. Study participation did not require the children to undergo 

any painful or uncomfortable procedures above what is usually expected during an inpatient stay 

within an intensive care unit.   

 

All documents were confidential and maintained in secure filing cabinet in the study investigator’s 

office for the maximum period of 7 years after the youngest participant turns 25 years or 15 years 

after the completion of the study, whichever date is later, as specified by the Human Research Ethics 

Committee. The samples were kept for 7 years after the youngest participant turns 25 years or 15 

years after the completion of the study, whichever date is later. After this time the samples will be 

destroyed. After this time the documents and samples will be destroyed. 
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A thank you and lay summary of results letter was sent to all participants to thank them for their 

participation. Participants who attended for Phase II data collection were sent a voucher to attend a 

movie to thank them for their participation in the study. Families were not informed that they would 

receive a voucher through the consent process. Families were only notified of receipt of a voucher 

when they received the thank you letter.  

 

  



132 

CHAPTER 3 - RESULTS 

 

3.1 Recruitment 

Recruitment commenced in September 2012 and was completed in January 2014. Of 379 families 

approached, 205 patients consented for the study (54%).  A flow chart of recruitment is displayed in 

Figure 3a. 

 

 

Figure 3a: Flow chart of recruitment 

 

Patients were recruited from the PICU or cardiology wards (62.5%) and from the cardiac surgery pre-

admission clinic (37.5%).  Patients having cardiac surgery at RCH routinely have a CVC placed. 

However, if consent was obtained in the pre-admission clinic prior to the patients having cardiac 

surgery, the location of the CVC could not be determined until after the surgery was performed and 

thus eligibility for the study had to be confirmed post cardiac surgery.  

 

Figure 3b presents the flow chart of participant retention throughout Phase I. Patients became 

ineligible for the study after consent if a CVC was not placed (n=5, 2.6%) (in patients consented at 

cardiac surgery pre-admission clinic), if the CVC did not remain insitu for 24 hours (n=6, 3.2%) or if the 

476
• Patients eligible

97
• Researcher unavailable to approach family within timeframe

379
• Families approached

174

• Parents declined consent

• Approached but unable to discuss consent with parents

205
• Consented
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CVC was placed into the same vessel as a previous CVC, sited within the last three years (n=4, 2.1%). 

One patient was deemed ineligible for the study as consent could only be obtained from the child’s 

foster parents and not from the legal guardians.  

 

 

Figure 3b: Participant retention throughout Phase I 

Note:   Reasons ultrasounds were not performed included dressing obstructed view of vessel (n=4), 
not completed prior to hospital discharge (n=37) and parents refused (n=2).  
 

3.2 Patient Demographic Results 

The basic demographics of the sample are presented in Tables 3.1 and 3.2. Over 75% of patients 

consented for the study had a primary diagnosis of congenital heart disease (CHD) and nearly 70% of 

patients were admitted to PICU and required a CVC post cardiac surgery. The median age for the 

sample was 12 months. The most common complication experienced by children in this cohort was 

an episode of hypotension (29.1%) and 12.7% of children had a cardiac arrest during their hospital 

admission.  

  

CONSENTED 
N=205

ULTRASOUND 
COMPLETED

N=146

ULTRASOUND NOT 
COMPLETED

N=43 

INELIGIBLE 
AFTER 

CONSENT

N=16 
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Table 3.1: Patient Demographics 

Eligible Consented Patients  N = 189 Incidence (%) 

Median Age of patients at CVC insertion (range) (years) 1 (0 - 17) 

Male gender  98 51.9 

Weight (KG) (median/range) 8.7 (2.2 – 90) 

Primary Diagnosis   
 

Cyanotic CHD 42 22.2 

Acyanotic CHD 100 52.9 

Other cardiac 8 34.2 

Respiratory 9 4.8 

Sepsis/ viral illness 8 4.2 

Neurology/neurosurgery 8 4.2 

Orthopaedic surgery 6 3.2 

Motor vehicle accident 3 1.6 

Renal failure 3 1.6 

Burns 1 0.55 

Liver transplant 1 0.55 
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Table 3.2: Reason for admission to PICU and Acute complications by age group 

Reason for admission to 

PICU 

All children 

N = 189 

<1month >1month 

– 1 year 

1 - 5 years >5 - 10 

years 

>10 - 17 

years 

Cardiac surgery 130 (68.8) 31 37 22 24 16 

Cardiac compromise 18 (9.5) 9 5 2 1 1 

Respiratory distress 11 (5.8) 2 3 4 1 1 

Post orthopaedic surgery 5 (2.6) 0 0 0 0 5 

Decreased neurological 

state 

8 (4.2) 0 0 3 1 4 

Sepsis 5 (2.6) 2 3 0 0 0 

Motor vehicle accident 3 (1.6) 0 0 0 0 3 

Organ failure/ transplant 5 (2.6) 0 1 1 2 1 

Other *  4 (2.1) 0 2 0 2 0 

Acute Complications^ N#  n (%)  

Major Bleeding episode 177 13(6.9) 5 2 1 3 2 

Open chest post-operatively 181 14 (7.4) 11 3 0 0 0 

ECMO 182 14 (7.4) 7 5 1 1 0 

Hypotension  181 55(29.1) 18 9 9 6 13 

Hypertension 181 15 (7.9) 7 4 0 3 1 

Cardiac arrest 182 24(12.7) 12 4 3 1 4 

Peritoneal dialysis 168 15 (7.9) 10 3 0 2 0 

Haemofiltration 165 7 (3.7) 1 3 0 1 2 

Low cardiac output 174 13(6.9) 7 3 2 0 1 

ECMO: extracorporeal membrane oxygenation; *(dehydration, gastroenteritis, sleep apnoea, burns); 
^Occurring at any stage during their PICU admission; # N less than 189 due to missing data. 
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3.3 Patient Clinical Characteristics  

Descriptive analysis of the characteristics of participants CVCs are presented in Table 3.3. Nearly 98% 

of CVC were non-tunnelled, with only four children having a tunnelled CVC in this sample. The median 

number of days from when the CVC was inserted to when the phase I ultrasound was performed was 

3 days, but this ranged from zero to 22 days post CVC insertion. The majority of the cohort (86.3%) 

had their phase I ultrasound performed within seven days of CVC insertion.  A third of children (32.8%) 

had their CVC removed prior to the phase I ultrasound. The total number of CVC days for the cohort 

was 1110 days.  

 

The majority of patients (83.1%) had an unfractionated heparin (UFH) infusion commenced within 12 

hours of CVC insertion. Over three quarters of patients (76.2%) had their CVC inserted in the operating 

theatre and would have had their UFH infusion commenced on their return to PICU, as per standard 

practice. The UFH infusion was still being administered on the day that the Phase I ultrasound was 

performed for all of these patients. The mean dose of UFH being administered continuously was 10.36 

units per kilogram per hour (u/kg/hr)(standard deviation 3.8 u/kg/hr). The minimum dose of UFH 

recorded as an infusion was 1u/kg/hr and the maximum recorded was 30 u/kg/hr. Fifteen patients 

within the cohort were administered doses of UFH greater than 10u/kg/hr. The median dose for this 

sub group of patients was 16 u/kg/hr and doses administered ranged from 13u/kg/hr to 30 

units/kg/hr. Five patients who received a UFH dose of greater than 10u/kg/hr were on extracorporeal 

membrane oxygenation (ECMO) support at the time of the phase I ultrasound and the administration 

of therapeutic anticoagulation is standard of care for ECMO patients.  

 

Three patients were documented to have complications with their CVC; two patients developed 

symptomatic CVC-related thrombosis and were treated with anticoagulation for three months 

(standard of care). Both patients with symptomatic CVC-related thrombosis had their CVC placed into 

the left femoral vein and developed pain and swelling of the limb which prompted radiological 
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imaging. A third patient developed an extravasation injury from their CVC. This patient had their CVC 

removed immediately.  

 

Six patients were identified to have a history of venous thromboembolism (VTE) prior to CVC insertion. 

Four children were diagnosed with VTE during a previous hospital admission, which occurred more 

than three months prior to the current PICU admission. Two patients had VTE diagnosed during the 

current hospital admission but prior to the study CVC being inserted. Both of these patients were 

receiving therapeutic anticoagulation with UFH for the previous VTE at the time of the Phase I 

ultrasound.   

 

Table 3.3 CVC Characteristics 

  All CVC’s Right 

jugular 

Left 

jugular 

Right 

femoral 

Left 

femoral 

N 189 150 4 22 13 

Time insitu, median (range) 4 days (1-36) 4 5.5 8.5 6 

Lumen size, median (range) 4 (3-8)* 4 5.5 4 4 

Lumen number, median (range) 3 (1 – 4) 3 3 3 4 

Unit Inserted n (%) 

Operating theatre 144 (76.2) 136 2 4 2 

PICU 42 (22.2) 12 2 18 10 

Other ** 3 (1.6) 2 0 0 1 

Underlying Diagnosis n (%) 

Cardiac Diagnosis 150 (79.4%) 135 4 10 1 

Non-cardiac diagnosis 39 (20.6%) 15 0 12 12 

*Missing n=48; **Angiography suite, Paediatric Emergency Transport Service, Emergency Department 
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3.4 Patient Laboratory Results and Paediatric Index of Mortality 2 Scores 

Results from routinely performed laboratory tests were collected for patients. Tests results were 

obtained on the day the Phase I ultrasound was performed, or the nearest day to this on which the 

results were available. Measures of central tendency for each of the laboratory values and for the 

Paediatric Index of Mortality 2 Score (PIM2) are presented in Table 3.4. Normally distributed data are 

represented with a mean and standard deviation (SD) and skewed date are represented with median 

and range as decided a priori and described on page 127. Table 3.5 presents the results for the cohort 

for D-Dimer, Factor VIII and APTT with the corresponding age-related reference ranges.  

 

Table 3.4 Patient Laboratory Results and Paediatric Index of Mortality 2 Scores 

 N Mean (SD)  Median (range) 

Sodium 189 140 (4.5)  

Creatinine 189  35 (2.1-380) 

Urea 189  5.2 (0.7 – 26.2) 

INR* 189 1.2 (0.2)  

Fibrinogen 187 3.2 (2.0)  

Procalcitonin  152  .00 (0-1) 

IT Ratio 150  .00 (0-1) 

PIM2 Score^  180  2.0 (0.14 – 100) 

*International Normalised Ratio; ^Paediatric Index of Mortality 2 (155) 
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Table 3.5 Patient Age-related Coagulation Results 

 N Median 

(range) 

<1month >1month – 

1 year 

1 - 5 years >5 - 10 

years 

>10 - 17 

years 

Reference range* 27-69 27-53 27-45 27-46 27-44 

APTT^ 189 43 (4-180) 47(33-137) 43 (30-112) 43 (29-180) 43 (31-118) 40 (4-79) 

Reference range <0.5 <0.6 <0.4 – 0.5 

D-dimer  184 0.71  

(0.27-20) 

2.2  

(0.27-12.3) 

0.68  

(0.27-20) 

0.6  

(0.27-7.5) 

0.38  

(0.27-7.8) 

0.6  

(0.27-5.1) 

Reference range 80-200 35-180 50-200 

Factor VIII  56 178  

(59 – 516) 

131  

(78-516) 

188  

(59-374) 

189 

(80-409) 

189  

(108-241) 

255  

(15 – 460) 

*Normal reference range for children not receiving unfractionated heparin; ^activated partial 
thromboplastin time 
 

3.5 Phase I Ultrasound Results 

During Phase I data collection, 146 patients had an ultrasound performed. Ultrasounds were not 

performed for 43 children because either the dressing obstructed the sonographers’ view of the 

vessels, the parents refused or the ultrasound could not be performed in the designated time frame 

or prior to the patients’ discharge. Table 3.6 displays the results for the ultrasounds performed at 

Phase I. The median age of children with CVC-related thrombosis was four months, whilst the median 

age of children without CVC-related thrombosis was eight months.  

 

Children were only eligible for study participation if they had not had a CVC placed in the same vessel 

within the last three years. Table 3.6 presents the number of children who had subsequent CVCs 

placed into any vessel during their current admission. This may include the placement of a CVC into 

the same vessel as the study CVC, after the study CVC was inserted, the Phase I ultrasound had been 

performed and the study CVC removed.  
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Table 3.6 Phase I Ultrasound Completion and Results by Site of CVC placement 

US Result N=146 

(%) 

Age 

months* 

Jugular 

left 

Jugular 

right 

Femoral 

left 

Femoral 

right 

Second 

CVC# 

Total  12  3 110 12 21 30 

Normal 100 

(68.5) 

7 (0-202) 3 81 6 10 18 

Thrombus 32 (21.9) 4 (0-201) 0 21 3 8 10 

Wall 

thickening 

14 (9.6) 51 (2-

209) 

0 8 3 3 1 

*median (range); # CVC inserted prior to or after study CVC in any vessel during current admission. 
 

Table 3.7 provides a breakdown of the patients who did not have an ultrasound performed.  

 

Table 3.7 Ultrasounds Not performed at Phase I 

 N (%) Line Placement 

 N=43 Jugular left Jugular right Femoral left Femoral right 

Dressing obstructed view 

of vessel 

4 (9.3)  4   

Not completed prior to 

discharge from hospital  

37 (86) 1 34 1 1 

Parent refused  2 (4.7)  2   

 

The incidence of thrombus in this cohort (both symptomatic and asymptomatic) was 21.9%. One 

patient was identified to have symptomatic CVC-related thrombosis at the time of the Phase I 

ultrasound. Another patient developed symptomatic CVC-related thrombosis four days after a 
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negative phase I ultrasound. Both patients were receiving UFH prophylaxis at doses of 10u/kg/hr and 

15u/kg/hr respectively.  

 

Table 3.8 provides the details of the blood vessels that were identified to have thrombus present, the 

extent of the thrombus and the sonographers’ ability to visualise each of the vessels.  

 

Table 3.8 Descriptive Analysis of Phase I Ultrasound Result – Occluded vessels  

Vein Occlusive Non-occlusive Wall thickening Full visualisation 

of all vessels 

 N N N N %* 

Internal Jugular  0 18 (all right) 10 (all right) 87 77 

Brachiocephalic 0 6 (all right) 0 53 46.9 

Subclavian 0 1 (right) 0 88 77.9 

External Iliac 2 (x1 left, x1 

right) 

8 (x2 left, x6 right) 1 (right) 22 66.7 

Common Femoral 0 6 (x1 left, x5, right) 6 (x3 right, x3 left) 21 63.4 

Superficial Femoral 0 3 (1 left, 2 right) 0 22 66.7 

^Total number of vessels occluded exceeds total number of patients with thrombus as some patients 
had multiple occluded vessels; *Percentage is of the total number of each vessel scanned 
 

 

Eight children were identified to have extensive CVC-related thrombosis as defined as occlusive 

thrombus in one or more vessel or non-occlusive thrombus in more than one vessel. Of these, two 

patients were identified to have occlusive thrombus, both in the external iliac vein; one patient was 

symptomatic and received standard therapeutic anticoagulation treatment. The other patient had 

occlusive thrombus in the external iliac vein and had non-occlusive thrombus in common femoral vein. 

Five patients had non-occlusive thrombus in two veins and one patient had non-occlusive thrombus 
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in three veins. The outcomes for these patients are described later in the chapter. The brachiocephalic 

vein was the vessel that was most difficult to visualise in this cohort, with less than 50% of patients 

with a jugular CVC having the brachiocephalic vein visualised on the ultrasound. Another child 

developed extensive symptomatic CVC-related thrombosis (occlusive thrombosis of the external iliac 

vein and non-occlusive thrombus of the common femoral vein) after a negative phase I ultrasound, 

meaning that in total nine children were identified to have extensive CVC-related thrombosis, seven 

of whom were asymptomatic.  

 

The clinical team was informed about one child with asymptomatic CVC-related thrombosis in the 

brachiocephalic vein as the sonographer and radiologist were concerned about the large size of the 

thrombus (occluded 80% of the vein) and that the thrombus was potentially mobile. The child had an 

unrepaired ventricular septal defect and was felt to be at risk of embolic stroke due to the presence 

of a right to left shunt. The clinical team made the decision to treat the child with six weeks of 

therapeutic anticoagulation. The un-blinding of this child’s ultrasound result occurred very early 

during Phase I of the study and possibly reflects the inherent bias of the radiologists prior to the study. 

Despite other children being identified to have extensive CVC-related thrombosis at Phase I as 

described previously, they remained blinded and untreated.  

 

One patient, a five year old boy, had an embolic stroke during his hospital admission. The child’s study 

CVC was inserted on the 22nd October, 2013 when he underwent a fenestrated Fontan procedure. The 

CVC was removed 25 hours later. The Phase I ultrasound identified a very small echogenic focus 

(diameter about two millimetres) adjacent to the internal jugular vein wall, presumably representing 

a small fibrin sheath or thrombus at the site of insertion of the catheter. The subclavian vein showed 

no evidence of thrombus and was clearly visualised. The brachiocephalic vein was partially obscured 

but there was no evidence of venous thrombus.  
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The embolic stroke occurred on the 11th November, 2013, 22 days after the study CVC was removed. 

The cause of the stroke was identified to be two thrombi identified within the right atrium on a trans-

oesophageal echocardiogram. As documented by the Cardiology team, the cause of the right atrial 

thrombi was thought to be turbulent flow through the right atrium, post-surgery, due to the right to 

left shunt through the fenestration. The right atrial thrombi were located near the fenestration and 

adherent to the wall of the right atrium. The child received additional imaging of his jugular veins and 

the radiologist documented that there was no evidence of deep vein thrombosis. The child was 

receiving 15u/kg/hr of UFH as thromboprophylaxis at the time of the stroke.  

 

3.5.1 Inter-rater Reliability of Phase I Ultrasound Results 

Inter-rater reliability was calculated using the procedure described on page 115. Across a random 

sample of 34 patient ultrasound reports (23% of all Phase I ultrasounds), a 95% agreement between 

the two radiologists was achieved.  

 

3.6 Phase II Results 

Phase II data collection commenced in April 2015 and was completed in February 2016. One hundred 

and seventy five children were eligible for follow up at phase II and 73% (n=128) of eligible patients 

were followed up as per protocol. Some follow up was successfully obtained on all but one child.  Table 

3.9 presents the assessments performed for the 128 children who had some aspect of their follow up 

completed (either an ultrasound, a PTS assessment or both). Reasons that not all aspects of follow up 

were completed included: child being too distressed for the ultrasound to be performed (n=3); family 

missed their ultrasound appointment (n=2), family refused to attend hospital for the ultrasound but 

parents performed PTS assessment at home (n=3), child had a clinical follow up ultrasound but did not 

attend for the PTS assessment (n=1) and missing data for PTS assessment (n=1). The time to follow up 
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was a mean of 26 months (standard deviation 5.2 months) from the time of CVC insertion.  The median 

age of the cohort of children seen at follow up was 4.5 years.  

 

Table 3.9 Data Collection at Phase II 

Data Collection Phase II N=175  % 

Patients followed up per protocol 128 73.1 

US and PTS assessment 118 92.2 

US only 2 1.6 

PTS assessment only 6 4.7 

PTS assessment by parent  2 1.6 

Total number PTS assessments 126 

Total number of US performed 120 

Clinical follow up only 47  26.9 

 

Figure 3c displays an overview of the outcomes at Phase II for children who had an ultrasound 

performed during Phase I data collection. Figure 3c-1, figure 3c-2 and figure 3c-3 displays the 

outcomes at Phase II for children with no thrombus, thrombus and wall thickening at Phase I, 

respectively.  Figure 3d displays the outcomes for the children who did not have an ultrasound 

performed during Phase I. 
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Figure 3c: Outcomes for Children with Ultrasound Performed at Phase I  

^ N=1 patient had symptomatic CVC-related thrombus; # N=1 patient received therapeutic anticoagulation for asymptomatic CVC-related thrombosis; * 
patient developed symptomatic CVC-related thrombus after a negative phase I ultrasound 
Colour Legend: 
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Figure 3c-1: Outcomes for Children without thrombus at Phase I 

*Patient developed symptomatic CVC-related thrombosis after negative Phase I ultrasound 

Colour Legend: 

 

  



147 

 

 

Figure 3c-2: Outcomes for Children with thrombus at Phase I 

^ N=1 patient had symptomatic CVC-related thrombus and received therapeutic anticoagulation 
treatment but did not develop clinically significant PTS; # N=1 patient received therapeutic 
anticoagulation for asymptomatic CVC-related thrombosis. 

Colour Legend: 
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Figure 3c-3: Outcomes for Children with wall thickening at Phase I 

Colour Legend: 
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Figure 3d: Outcomes for Children without Ultrasound performed at Phase I  

*N=1 patient did not have per protocol or clinical follow up 

Colour Legend: 
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3.6.1 Summary of Outcomes for Patients who had follow up at Phase II 

Of the 146 children that had an ultrasound performed at Phase I, 102 children had follow up as per 

protocol. Of the 43 children who didn’t have an ultrasound performed at Phase I, 26 children had per 

protocol follow up at Phase II.  

 

No radiological thrombosis extension or clinical embolization (including paradoxical emboli) occurred 

in the 128 children assessed at Phase II. One hundred and twenty children had an ultrasound 

performed at Phase II; only 16 children were identified to have thrombus (13.3%). Of the 16 children 

with thrombus, three patients had thrombus at Phase I and a further two patients had wall thickening 

of the vessel at Phase I. Two patients with thrombus at Phase II did not have an ultrasound completed 

at Phase I.  

 

Nine patients had no evidence of thrombus at Phase I. One of these patients was the child that 

developed symptomatic CVC-related thrombosis four days after a negative screening ultrasound and 

received anticoagulation treatment. The ultrasound results for the remaining eight children who had 

a negative screening ultrasound but were identified to have evidence of a CVC-related thrombus at 

Phase II are presented in Table 3.10.  One child was identified to have a new, mobile thrombus at 

Phase II in the right subclavian vein. The result of this Phase II ultrasound was reported to the child’s 

treating cardiologist, who decided not to conduct any further investigations or treat the thrombus. 

Whilst this patient did not have any subsequent CVCs placed during the two year follow up period, 

they did have two admissions and an implantable cardioverter defibrillator inserted, with a pacemaker 

wire placed into the left subclavian vein.  

 

Four of the eight patients with thrombus at Phase II had their CVC removed following the screening 

ultrasound (range of one and five days after ultrasound). None of the eight children were documented 
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to have a second CVC inserted into the same vessel (prior to or after the study CVC) during their 

admission. Additionally, none of the eight children had a subsequent CVC placed into the same vessel 

during the two year follow up period.  

 

Table 3.10 Patients with normal ultrasound at Phase I and thrombus at Phase II 

ID Line 

placement 

Phase I US prior to 

CVC removal 

Phase II* 

047 Left femoral CFV not seen in 

entirety 

Yes  Incomplete recanalization of a 

thrombus and/or fibrin deposit in 

EIV and CFV. 

050 Right jugular Limited scan due to 

child’s distress, BCV 

not seen 

Yes Incomplete resolution of marginal 

intraluminal thrombus in IJV. 

099 Right jugular Full visualisation  Yes Thickening of the valve leaflets with 

some residual echogenic (chronic) 

thrombus in IJV. 

131 Right femoral Full visualisation No  Thickening of the FV wall and focal 

irregularity consistent with 

incomplete recanalisation of a 

previous thrombus.  

148 Left femoral EIV not seen in 

entirety 

Yes Luminal narrowing of FV and wall 

thickening of CFV 

150 Right jugular IJV and BCV not 

seen in entirety 

No Tissue in IJV wall, residual from fibrin 

sheath or thrombus 

173 Right jugular Full visualisation No SCV contained mobile thrombus 

201 Right jugular Full visualisation No Small calibre SCV and thickened 

valve leaflet due to previous 

thrombus 

* Radiologist comments; CFV: common femoral vein; EIV: external iliac vein; BCV: brachiocephalic 
vein; IJV: internal jugular vein; FV: femoral vein; SCV: subclavian vein. 
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3.7 Post Thrombotic Syndrome Assessments 

Signs and/or symptom of PTS were reported in 13 children. On the Modified Villalta scale (MVS) the 

signs and symptoms reported by children or their parents included pain or abnormal use, swelling, 

increased limb circumference (defined as greater than a 3cm increase in the affected extremity 

compared to contralateral side) and collateral vessels (Table 3.11) (121). A change in skin colour, 

pitting oedema, pigmentation of the skin, tenderness on palpation, oedema of the head, varicosities 

and ulceration of the skin were not identified in any children.  

 

On the Manco-Johnson instrument children or their parents reported the following signs and 

symptoms; increased limb circumference (defined as >1cm difference), swelling, collateral vessels, 

pain with aerobic exercise, pain with daily activities and pain at rest (Table 3.12) (121). No child 

presented with skin changes ascribed to venous disease or ulceration or superior vena cava syndrome.  

 

Clinically significant PTS, as classified by the MJI and defined previously, was reported in two children. 

One patient with clinically significant PTS, presenting as swelling, increased limb circumference and 

the presence of collateral vessels, had a symptomatic CVC-related thrombosis diagnosed four days 

after a negative Phase I ultrasound. The clinical ultrasound demonstrated occlusive thrombus of the 

external iliac vein and non-occlusive thrombus of the proximal common femoral vein and long 

saphenous vein.  This patient was treated with enoxaparin for three months and continues to be 

followed up by the Clinical Haematology department.  This patient had residual occlusive thrombus in 

the left external iliac vein and non-occlusive thrombus in the superficial femoral vein on the Phase II 

ultrasound.   

 

The other patient with clinically significant PTS had asymptomatic CVC-related non-occlusive 

thrombus in the left external iliac vein, common femoral vein and superficial femoral vein at Phase I. 
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Signs and symptoms of clinically significant PTS in this patient included swelling, collateral vessels and 

pain at night in the affected limb. At Phase II the ultrasound for this patient demonstrated that the 

thrombus had resolved but there was wall thickening of the left common femoral vein.  

 

Table 3.11 PTS as classified by the Modified Villalta Scale 

Symptoms Signs 

ID Abnormal use or 

pain  

Swelling  Increased limb 

circumference^ 

Collateral 

vessels 

Total score 

067 Yes* Yes ** No No 2 

157 Yes* no No No 1 

184 No yes yes No 2 

112 # yes No No 1 

041 No no No Yes 1 

142 No no No Yes 1 

061 Yes no No No 1 

155 Yes no No No 1 

075 No no No yes 1 

009 No no No yes 1 

025 No yes yes No 2 

124 No yes yes yes 3 

127 Yes no yes yes 3 

^ Greater than 3% increase in affected extremity compared to contralateral side (121)* related to 
underlying disease, post exercise; **bilateral and related to underlying disease; #Unable to assess pain 
due to developmental delay 
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On the MVS, 13 children were identified to have PTS. Nine children were identified to have only one 

sign or symptom of PTS, which according to the MVS is defined as mild PTS. The other four children 

had PTS scores of two or three, which is also still classified on the MVS as mild PTS. No children were 

identified to have moderate or severe PTS (a score of ≥ to four), as classified by the MVS.  
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Table 3.12 PTS as classified by the Manco-Johnson Instrument 

ID L) 

swelling 

L) collateral 

circulation 

R) 

swelling 

R)collateral 

circulation 

Pain 

present 

Pain 

interference 

Pain score 

(0-5) 

Increased Limb 

circumference  

Sign 

present 

Symptom 

present 

PTS  

Score 

067 Yes* No Yes* No Yes* No  1 - 1 1 2 

157 no No No No Yes## Yes  - .5 0 1 1 

184 no No Yes No no - - 1.0 1 0 1 

112 Yes** No Yes** No # - - -1.5 2 0 2 

041 no No No yes No - - .0 1 0 1 

142 no No No yes No - - .5 1 0 1 

061 no No No No Yes No  2 .0 0 1 1 

155 no No No No Yes## Yes  - .0 0 1 1 

075 no No No yes Yes ## No  - -.2 1 1 2 

009 no No No yes Yes * No  1 .0 1 1 2 

025 yes No No No no No  - 1.5 2 0 2 

124 yes Yes No No yes No  2 1.0 2 1 3 

127 no Yes No No yes No  - 1.0 1 1 2 

 

^ Proximal, >1cm increase in affected extremity compared to contralateral side (120); * related to underlying disease, post exercise; **bilateral and related to 
underlying disease; #Unable to assess pain due to developmental delay or age; ## Bilateral pain post aerobic exercise
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Thirteen children were also classified as having PTS when assessed using the Manco-Johnson 

instrument (MJI). Six children had a score of one on the MJI, indicating the presence of only one sign 

or symptom of PTS. Three children reported pain bilaterally related to their underlying disease as well 

as having a single physical sign of PTS. Despite these children achieving a score of two on the MJI and 

technically meeting the criteria for clinically significant PTS, they were not classified as having clinically 

significant PTS as the pain symptoms were not specific to the limb in which their CVC was placed. One 

of these patients only had their PTS assessed by their parent only and thus the reliability of the 

assessment is also limited. Two children met the criteria for clinically significant PTS as classified by 

the MJI as they had both physical signs and symptoms of PTS in the affected limb/ area where their 

CVC was placed.  Further clinical information about the patients with clinically significant PTS is 

presented in Table 3.13.  

 



157 

Table 3.13 Summary of characteristics of Children with PTS  

ID CVC 

placement 

US result 

phase I 

No. veins with non- 

occlusive thrombus 

Previous/ 

second CVC> 

Unit 

Inserted  

US result 

Phase II 

No. veins with non- 

occlusive thrombus 

MVS final 

score# 

MJI final 

score 

067  Jugular right  WT 0 No  OT Not done n/a 2 2 

157 jugular right FS,  T 1 No  OT Normal 0 1 1 

184 jugular right Not done n/a No  PICU Normal 0 2 1 

041 jugular right Normal 0 No  OT Normal 0 1 1 

142 jugular right FS, WT 0 No  PICU Normal 0 1 1 

025 femoral left WT 0 No  PICU WT 0 2 2 

061 jugular right T 1 Yes OT Normal 0 1 1 

155 femoral right T, WT 2 No  PICU Thrombus 2 1 1 

112 jugular right Not done n/a ? PICU Thrombus 1 1 2 

075 femoral right T 1^ Yes  OT Thrombus 1 1 2 

009 jugular right Not done n/a No  OT Normal  0 1 2 

124 femoral left Normal* 1 No PICU Thrombus 1^ 3 3** 

127 femoral left T 3 No  PICU WT 0 3 2** 

 WT = wall thickening; T = asymptomatic CVC-related thrombus; FS= fibrin sheath *Patient developed symptomatic occlusive CVC-related thrombosis four days 
after the Phase I ultrasound.> Previous CVC prior to study CVC or subsequent CVC inserted after study CVC during current hospital admission; ̂  Occlusive thrombus 
in one or more vessel; # mild post thrombotic syndrome defined as a score of <4; **clinically significant PTS as defined as a score of ≥1 on both the physical and 
functional scale.   
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The median age of patients with PTS was 5 years (range 4 months to 16 years). Apart from the child 

that developed a symptomatic CVC-related thrombosis after an initial negative Phase I scan, none of 

the other children with any PTS symptoms had any documented CVC complications. 

 

3.8 Outcomes for Patients with Clinical Phase II Follow UP 

Forty-seven children and their parents/ guardians did not respond to written invitations and 

telephone calls for study follow up. The medical history of these patients were examined to determine 

if they had any other follow up at RCH following their admission. Forty-six patients received follow up 

either at RCH or another tertiary institution. All 46 patients have no documented evidence of 

subsequent thrombosis or clinically overt signs of PTS. One patient had no documented follow up after 

their discharge from RCH; this patient did not have a phase I ultrasound performed prior to hospital 

discharge.  The mean time from admission to follow up for this sub-group was 20.8 months. The 

minimum period of follow up was 4 months post discharge and the maximum period was 39 months.  

 

Table 3.14 presents the Phase I ultrasounds results for this sub group of patients. Of the 47 patients 

who did not attend for study follow up, only four children had identified thrombus on their Phase I 

ultrasound. All four of these children had follow up at a paediatric hospital and no issues were 

identified regarding their day to day physical health. One of the four patients with thrombus on the 

Phase I ultrasound had a subsequent cardiac angiogram which identified no occluded vessels within 

the pulmonary and cardiac circulation.  
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Table 3.14 Phase I Ultrasound Outcome for patients with Clinical follow up 

Ultrasound 

result 

N= 

47 

Further 

imaging 

Documented 

follow up at RCH 

Documented follow 

up elsewhere 

No documented 

follow up  

Not completed 17 4 14 2 1 

No thrombus 22 8 20 2 0 

Thrombus 4 1 3 1 0 

Wall thickening 4 0 3 1 0 

 

 

3.9 Mortality 

In the interval between the commencement of the study and the commencement of Phase II, 14 

children died (7.4%).   Four of the 14 children who died had CVC-related thrombus identified on their 

Phase I ultrasound (Odds ratio 1.486, 95% CI 0.433 – 5.095, p=0.5). These four children had their 

medical histories reviewed by three independent clinicians; an intensivist, a cardiac surgeon and a 

haematologist to objectively determine if any of these deaths were related to the thrombus identified 

on the blinded ultrasound.  The three clinicians independently and unanimously found that none of 

the four children with thrombus identified on the Phase I ultrasound died from thromboembolic 

complications. None of the other 10 children who died during the study, died of thromboembolic 

complications.  

 

Table 3.15 displays the clinical characteristics of the 14 children who died. The median time from the 

date of hospital admission to death was 44.5 days (range 7 – 963). Ten children died during the current 

hospital admission, whilst one child died during a subsequent admission. Ten children died after the 

family made a decision with the treating team to palliate the child. This decision was made after a 

sudden cardiac arrest in PICU in six children. Four children died as a result of a cardiac arrest or collapse 

in hospital.  
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Three children died out of hospital, all of whom had complex underlying CHD and collapsed and had 

a cardiac arrest. Two children had a cardiac arrest due to infection, as documented by a forensic 

pathologist at the Victorian Institute of Forensic Medicine (Coroner). One child, a 17 month old boy, 

had his cause of death documented by the Coroner as due to coronary artery and aortic thrombus. 

This child died 16 months following completion of the study Phase I ultrasound, which was normal, 

with no evidence of CVC-related thrombosis. The child had had five cardiac surgical operations since 

birth. He had been admitted to RCH PICU and diagnosed with a thrombus in his aortic sinuses 15 days 

prior to his death and had been anticoagulated with LMWH and warfarin. The child was found 

unresponsive and despite attempts at resuscitation, died at home.  
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Table 3.15 Clinical Characteristics of Patients who died during the study period 

CHARACTERISTIC  

N=14 

N (%) <1month 1month - 

12months 

13months 

- 5 years 

5 to 10 

years 

10 to 18 

years 

Male gender 7 (50) 

Age at CVC insertion (months) Median (range) 1.5 (0-202) 

Primary Diagnosis 

Cyanotic CHD 7 5 1 0 0 1 

Acyanotic CHD 2 1 1 0 0 0 

Cardiomyopathy 1   1   

Out of hospital cardiac arrest 1  1    

Pulmonary hypertension 1  1    

Post cardiac transplant 1     1 

Renal failure 1  1    

Secondary diagnosis 

CHD 2  1   1 

Respiratory failure 1  1    

Chromosomal abnormality 4 3 1    

Complications during PICU admission 

Major Bleeding episode 3 (21.4) 2 1    

Open chest post operatively 5(35.7) 4 1    

ECMO 6(42.9) 3 2 1   

Hypotension  9(64.3) 5 1 1  2 

Cardiac arrest 9 (64.3) 3 4 1  1 

CHD: congenital heart disease; ECMO: extra corporeal membrane oxygenation 
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3.10 Predictive Factors for CVC-related Thrombus at Phase I and Phase II 

Appropriate statistical tests were used to determine if any associations existed between patients’ 

clinical, laboratory or CVC characteristics and the incidence of CVC-related thrombus at Phase I and 

Phase II.  

 

3.10.1 Association between CVC Placement and CVC-related Thrombus at Phase I and Phase II 

Descriptive analysis demonstrated a higher incidence of CVC-related thrombosis at Phase I in children 

with a femoral CVC (11 of 33) compared to children with a jugular CVC (21 of 113). Figures 4 and 5 

display the thrombotic outcomes at Phase II for children who had an ultrasound performed at Phase 

I, separating children with jugular and femoral CVCs. Figure 6 displays the outcomes at Phase II for the 

sub-groups of children with femoral and jugular CVCs whom did not have an ultrasound performed at 

Phase I. Table 3.16 presents the analysis of the association between the CVC placement and CVC-

related thrombus at Phase I and II. 
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Figure 4: Outcomes for children with Jugular CVCs at Phase I and Phase II 

Colour Legend: 
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Figure 5: Outcomes for children with Femoral CVCs at Phase I and Phase II 

 Colour Legend: 
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Figure 6: Outcomes for children with Jugular and Femoral CVCs without an Ultrasound performed at Phase I 

Colour Legend: 
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Table 3.16 CVC Placement and CVC-related Thrombus at Phase I and Phase II 

  Normal  Thrombus  Odds Ratio (95% CI)   P value for OR 

PHASE I 

Jugular left 3 0  0.000 0.9 

Jugular right 89 21  0.38 (0.14 – 1.04) 0.06 

Femoral left 9 3  0.54 (0.11 – 2.62)       0.4 

Femoral right 13 8  reference  0.3 

PHASE II 

Jugular left 3 0 0.00 (0.00-0.00)                    0.99 

Jugular right 84 8 0.35 (0.08 – 1.52) 0.1 

Femoral left 6 5 3.056 (0.53 – 17.46) 0.2 

Femoral right 11 3  reference   0.02 

 

Table 3.17 presents the analysis of the CVC placement as a dichotomous variable (femoral or jugular 

site) and the association with CVC-related thrombus at Phase I and II.  Children with a CVC placed into 

a femoral vein were found to have a statistically significant increased risk of CVC-related thrombus at 

Phase II.  
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Table 3.17 Femoral or Jugular CVC placement and CVC-related Thrombus at Phase I and Phase II 

  Normal  Thrombus  P Value  

(Chi Square) 

Odds Ratio (95% CI)   

PHASE I 

Jugular  92 21   

0.72 

1.27 (0.16 to 9.9) p=0.8 

Femoral  22 11 

PHASE II 

Jugular  87 8  0.002 26.17 (1.5 to 443.2) 

p=0.02 Femoral 17 8 

 

Central venous catheter placement (jugular or femoral) was tested for its association with D-dimer, 

Factor VIII levels and PIM2 probability of death using the Mann Whitney U. D-dimer, Factor VIII and 

PIM2 probability of death  were demonstrated to have a higher median value in patients with a 

femoral CVC as compared to patients with a jugular CVC. Chi square statistics demonstrated that 

children with femoral CVCs were also statistically more likely to have a period of hypotension, a cardiac 

arrest, have their CVC inserted in PICU and have a non-cardiac diagnosis compared to children with a 

jugular CVC. Table 3.18 presents these results. 
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Table 3.18 Association between CVC placement, laboratory values and patient characteristics 

 Jugular CVC Femoral CVC P value 

 n Median (range)/ 

Mean (SD) 

n Median(range)/ 

Mean (SD)  

 

D-dimer 150 0.59 (0.27-10.83) 35 2.35 (0.27-20.0) <0.001* 

Factor VIII 48 160.5 (59-516) 8 259 (116-399) 0.007* 

CVC time insitu (days) 154 5.2 (5.9) 35 9.6 (7.4) <0.001# 

UFH amount (units) 126 10.1 (3.4) 24 12.2 (6.0) 0.02# 

PIM2 Score> (%) 146 1.92 (0.14-100) 34 3.2 (0.30-90.6) 0.035* 

 n % of Jugular group n % of Femoral group  

Hypotension – yes 36 23.4% 19 45.7% <0.001^ 

Hypotension – no 118 76.6% 16 54.3% 

Cardiac arrest – yes 14 9.5% 10 28.6%  .003^ 

Cardiac arrest – no 133 90.5% 25 71.4% 

ECMO – yes 9 6.1% 5 14.3% 0.1^ 

ECMO – no 138 93.9% 30 85.7% 

Major bleeding – yes 11 7.1% 2 5.7% 0.7^ 

Major bleeding – no 143 92.9% 33 94.3% 

CVC inserted in PICU 14 9.2% 28 82.4% <0.001^ 

CVC inserted in OT 138 90.8% 6 17.6% 

Cardiac diagnosis 139 90.3% 11 31.4% <0.001^ 

Non-cardiac diagnosis 15 9.7% 24 68.6% 

SD: standard deviation; *Mann Whitney U, ^chi square; # t-test; >Paediatric Index of Mortality 2  
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Children with femoral CVCs were significantly more likely to have a higher PIM2 probability of death 

score compared to children with a jugular CVC (OR 1.041, 95%CI 1.011 to 1.072, p=0.006), indicating 

a higher acuity and risk of mortality among children with femoral CVCs.  

 

When D-dimer, Factor VIII and PIM2 scores were examined for the sub-group of children with femoral 

CVCs, there were no differences in values between those with and without CVC-related thrombosis at 

Phase I and Phase II (Table 3.19). In this sub-group, acute complications (including as ECMO, major 

bleeding, hypotension and cardiac arrest), age and UFH were also examined as dichotomous variables 

to detect any association between children with CVC-related thrombosis and those without 

thrombosis. There was a significant difference in the incidence of major bleeding among children with 

thrombus at Phase II within this sub-group of children with femoral CVCs (p=0.03). All other variables 

did not demonstrate a significant association with CVC-related thrombosis at either Phase I or Phase 

II (all p values >0.05 using chi square statistic).  
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Table 3.19 Laboratory values and PIM2 scores for Children with Femoral CVCs and CVC-related 

thrombus at Phase I and Phase II 

 PHASE I  

 Normal Thrombus P value^ 

 n Median (range) n Median (range)   

D-dimer 21 3.02 (0.27 – 20.0) 11 1.29 (0.41 – 3.21) 0.13 

Factor VIII 7 277 (209 – 399) 1 116  0.12 

PIM2 Score> 22 2.91 (0.3 – 90.58) 10 6.65 (0.71 – 86.95) 0.15 

 PHASE II 

D-dimer 17 2.49 (0.28-20) 7 1.17 (0.38 – 7.52) 0.45 

Factor VIII 5 297 (228 - 399) 2 243 (209 - 277) 0.2 

PIM2 Score> 16 2.4 (0.71 – 90.58) 8 5.63 (0.55 – 47.73) 0.17 

^Mann Whitney U test, 2-tailed; # Chi Square test; > Paediatric Index of Mortality 2 

 

The unit where the CVC was inserted and the results of the patients’ ultrasounds at Phase I and II were 

examined and the results are presented in Table 3.20.  
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Table 3.20 Unit where CVC Inserted and Ultrasound Outcome at Phase I and Phase II 

  Normal  Thrombus Wall Thickening P Value  

(Chi Square) 

PHASE I 

OT 73 10 5   

P = <0.001 PICU 12 6 13 

Other 1 0 0 

PHASE II 

OT 73 10 5   

P = <0.001 PICU 12 6 13 

Other 1 0 0 

 

There was an association between the unit where the CVC was inserted and the result of the Phase I 

and Phase II ultrasounds. However, the strength of this association could not be determined as ORs 

could not be calculated as only one patient had their CVC placed in a location other than OT or PICU, 

and thus this variable included a zero value. Logistic regression of unit where the CVC was inserted 

using dichotomous variables (PICU/OT) and the presence of CVC-related thrombus at Phase I and 

Phase II did not produce significant results (OR 0.92, 95% CI 0.11 to 7.4 and OR 0.06, 95% CI 0.003 to 

1.45, respectively). The Chi Square statistics for the association between unit (OT/PICU) and 

presence/absence of thrombus also were not significant.  

 

Independent t-tests were performed to examine the relationship between patient clinical and 

laboratory characteristics that were expressed as continuous variables (and were normally 

distributed) and the incidence of CVC-related thrombus at Phase I and II. Normally distributed 

variables included sodium, UFH amount, international normalised ratio (INR), fibrinogen and PIM2 

score. The results are presented in Table 3.21. Continuous variables that were not normally distributed 
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were examined for an association with CVC-related thrombus at phases I and II using the Mann-

Whitney U test. These variables included age (in months), activated partial thromboplastin time 

(APTT), urea, creatinine, D-dimer, Factor VIII, procalcitonin, IT ratio and PIM2 score. Results for D-

dimer, Factor VIII and PIM2 probability of death are presented in Table 3.21. 
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Table 3.21 Continuous Factors Predictive of CVC-related Thrombus at Phase I 

Factors  Normal Thrombus P value (2 

tailed) 

Odds ratio  

(95% CI)  

 P value for OR 

PHASE I 

Sodium  114 32 0.3* 1.09 (0.98 – 1.2) 0.5 

UFH amount 94 28 0.26* 1.05 (0.96 – 1.1)  0.2 

INR 114 32 0.06* 4.6 (0.69 – 31.8)  0.1 

Fibrinogen 113 31 0.3* 1.02 (0.65 – 1.6) 0.9 

Time CVC insitu (days) 114 32 0.6^ 1.0 (0.93 – 1.07) 0.9 

D-dimer 111 32 0.2^ 1.06 (0.9 – 1.26) 0.5 

Factor VIII 36 9 0.5^ 0.99 (0.98 – 1.00) 0.2 

PIM2 Score > 109 31 0.1^ 1.02 (0.99 – 1.04) 0.09 

PHASE II 

Sodium  104 16 0.09* 1.1 (0.9 – 1.3) 0.2 

UFH amount 85 13 0.6* 1.04 (0.89 – 1.22) 0.6 

INR 104 16 0.9* 1.9 (0.11 – 33.9) 0.6 

Fibrinogen 102 16 0.8* 1.5 (0.8 – 2.6) 0.1 

Time CVC insitu (days) 104 16 0.18^ 0.8 (0.74 – 1.05) 0.1 

D-dimer 101 15 0.1^ 0.9 (0.58 – 1.4) 0.6 

Factor VIII 28 4 0.8^ 1.0 (0.9 – 1.01) 0.9 

PIM2 Score > 98 16 0.1^ 1.02 (0.98-1.05) 0.4 

*Independent T-test; ^Mann Whitney U test; >Paediatric Index of Mortality 2 
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For every unit increase in the INR, the odds of a patient developing a CVC-related thrombus at Phase 

I increased by 4.6, however, the OR was not significant. Sodium, UFH amount, INR and fibrinogen were 

not associated with the development of CVC-related thrombus at Phase I and phase II (all p values > 

0.05 on t-test). All of these factors demonstrated a slightly increased risk of CVC-related thrombus at 

Phase I and Phase II, however none of the ORs were significant. Similarly, there were no significant 

associations with the development of CVC-related thrombosis at Phase I or Phase II for the variables 

age (in months), APTT, urea, creatinine, D-dimer, factor VIII, procalcitonin, IT ratio and PIM2 

probability of death score (all p values >0.05).    

 

Dichotomous variables examined for an association with the presence or absence of CVC-related 

thrombus at Phase I and II are presented in Table 3.22. Chi square statistics were significant for cardiac 

arrest, UFH and bleeding when associated with the presence of CVC-related thrombus at Phase I. Only 

hypotension was identified to have a significant association with CVC-related thrombus at Phase II. 

Logistic regression was also performed to further elucidate the variables associated with an increased 

risk of CVC-related thrombus in this cohort. Cardiac arrest was found to significantly increase the risk 

of thrombus at phase I by more than threefold (OR 3.3, p=0.01). All other variables examined in Table 

3.21 either slightly increased the risk or made no difference to patients’ risk of CVC-related thrombus 

at phase I however, none of the ORs were significant. Gender was also explored for its possible 

association with CVC-related thrombus and was found to be non-significant at Phase I and II (p>0.05). 
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Table 3.22 Categorical Predictive Factors of Thrombus at Phase I and Phase II 

Factors  Phase I Phase II 

 
N Chi 

square^ 

OR  (95 % CI),   

P value 

N Chi 

square^ 

OR  (95 % CI),   

P Value 

ECMO - yes 14 0.6 1.4 (0.41 – 4.8) 

P=0.6  

8 0.29 2.46 (0.45 – 13.5) 

P=0.3 ECMO – no 126 109 

Open chest –yes 14 0.23 2.0 (0.62 – 6.5) 

P=0.2 

7 0.2 2.98 (0.52 – 16.98) 

P=0.2 Open chest - no 125 110 

Cardiac arrest – yes 23 0.01 3.32 (1.29 – 8.55) 

P=0.01 

14 0.06 3.35 (0.89 – 12.49) 

P=0.07 Cardiac arrest - no 117 103 

Age <1year 79 0.8 0.89  (0.4 – 1.97) 

P=0.7 

54 0.24 1.9 (0.64 – 6.04) 

P=0.2 Age >1 year 67 66 

Heparin <10 units 104 0.03 2.05 (0.63 – 6.7) 

P=0.2 

86 0.45 0.93 (0.1 – 8.2) 

P=0.9 Heparin >10 units 16 10 

Hypotension – yes 47 0.11 1.9 (0.85 – 4.28) 

P=0.1 

35 0.05 2.85 (0.98 – 8.34) 

P=0.05 Hypotension - no 99 85 

Bleeding# – yes 11 0.05 3.3 (0.93 – 11.67) 

P=0.06 

8 0.3 2.3 (0.43 – 12.7) 

P=0.3 Bleeding - no 135 112 

^2 sided; #major bleeding and clinically relevant bleeding. NB: not all patients received heparin 
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3.11 Predictive Factors for Clinically Significant PTS  

A chi square test was performed to determine if there was an association between the presence or absence 

of CVC-related thrombus at Phase I and II and the diagnosis of clinically significant or moderate PTS. As no 

children were identified to have moderate PTS on the MVS, no inferential statistics could be performed using 

the MVS. The chi square statistics for CVC-related thrombus and clinically significant PTS as diagnosed on the 

MJI are presented in table 3.23. Logistic regression was also performed to determine if having a thrombus at 

phase I or Phase II increased the risk of clinically significant PTS. No significant associations were identified.  

 

Table 3.23 Clinically Significant PTS and Thrombus at Phase I and Phase II 

  No PTS Clinically significant 

PTS/ moderate PTS 

P value  

(Chi square) 

Odds Ratio (95% CI) 

P value 

Manco Johnson Instrument and Phase I Ultrasound 

No Thrombus 77 1 0.33 3.6 (0.2 to 64.3) 

p=0.4 Thrombus 21 1 

Modified Villalta Scale and Phase I Ultrasound 

No thrombus 78 0 -  - 

  Thrombus 22 0 

Manco Johnson Instrument and Phase II Ultrasound 

No Thrombus 101 1 0.13 6.4 (0.3 to 113.6) 

p=0.2 Thrombus 15 1 

Modified Villalta Scale and Phase II Ultrasound 

No thrombus 102 0 - - 

Thrombus 16 0 
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Inferential statistics were also performed to identify any patient or laboratory characteristics that may be 

associated with the development of clinically significant PTS (as diagnosed on the MJI) in this cohort. Again, 

no statistics could be performed using the results of the MVS assessment as no patients were identified to 

have moderate PTS. Characteristics or factors thought to be associated with clinically significant PTS and the 

p value of the level association are listed in Table 3.24.  
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Table 3.24 Predictive Factors for Clinically Significant PTS Assessed by the MJI 

Factor P value  

Age at admission (months) 0.74* 

Urea  0.5* 

Creatinine  0.05* 

APTT 0.2* 

Sodium 0.4# 

INR 0.1# 

Fibrinogen 0.2# 

D-dimer 0.2* 

Factor VIII ¶ - 

CVC time insitu 0.75# 

Jugular/femoral CVC 0.04^ 

CVC inserted in OT/PICU 0.013^ 

Age less than 1 year 0.87^ 

Open chest post-operatively 0.7^ 

Cardiac arrest 0.6^ 

ECMO 0.7^ 

PIM2 Score > 0.1* 

Unit CVC inserted (OT/PICU/other) 0.04^ 

CVC placement## <0.001^ 

Phase I US result** 0.6^ 

Phase II US result**  0.08^ 

*Mann Whitney U test; # independent t-test; ^chi square test; ¶neither child with clinically significant PTS 
had a Factor VIII level tested so not tests could be performed; >Paediatric Index of Mortality 2;  ## jugular 
right, jugular left, femoral right, femoral left; ** no thrombus, thrombus or wall thickening 
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Logistic regression could not be performed to determine the odds of the factors reported in Table 3.24 

influencing the incidence of PTS as the number of children with clinically significant PTS (n=2) was too small 

and some variables within the two by two table had a zero values in both categories. Logistic regression could 

be performed to determine the risk of clinically significant PTS associated with increased D-dimer results. The 

OR was 1.029 (0.66 – 1.57) suggesting no effect.  An association between Factor VIII levels and clinically 

significant PTS could not be determined as none of the children with clinically significant PTS had a Factor VIII 

level tested.  

 

3.12 Correlation of the Paediatric PTS Tools 

Correlation between the total scores for the MVS and the MJI tools was performed using Pearson correlation 

coefficient. Total score for each tool and the presence or absence of PTS on the tools was correlated. The 

results are presented in Table 3.25. The total scores for the PTS tools and the identification of PTS as present/ 

absent correlated well. However, correlation of the severity of PTS as assessed by each tool could not be 

calculated. Severity of PTS was classified according to the total score and differed significantly between the 

tools. The MJI diagnosed two children as having clinically significant PTS whilst the MVS classified all children 

as having mild PTS.  

 

Table 3.25 Correlations of the Total Score for the PTS Tools  

 Pearson P Value 

MVS and MJI total score 0.941 <0.001 

MVS and MJI present/ absent 1.000 <0.001 
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Internal consistency of the tools was also calculated for the items on the two PTS tools using Cronbach’s 

alpha. The Cronbach’s alpha for the MVS and MJI was 0.989 and 0.935, respectively. A Cronbach’s alpha 

above 0.7 is deemed to represent an acceptable level of internal consistency (162).   However, as many items 

on both the MVS and the MJI tools are dichotomous, this limits the sensitivity of the Cronbach’s alpha to 

determine internal consistency (163).  

 

3.13 Summary  

This study reports the incidence of CVC-related thrombosis for 189 children with a jugular or femoral CVC. 

Over 75% of the cohort had an underlying diagnosis of CHD and nearly 69% of children required admission 

to PICU following cardiac surgery. The incidence of CVC-related thrombus in this cohort (both symptomatic 

and asymptomatic) was 21.9% during their hospital admission (Phase I).  

 

Seventy-three percent of eligible patients were followed up at Phase II as per protocol but clinical follow up 

meant that all but one child was accounted for in some way at Phase II. No radiological thrombosis extension 

or clinical embolization (including paradoxical emboli) occurred in the 128 children assessed at Phase II and 

there was no clinical evidence of these outcomes in the remaining 46 children. Sixteen children had thrombus 

identified on the phase II ultrasound; nine of these children had evidence that the thrombus developed in 

the interval period between Phase I and II.  

 

Of 126 formal PTS assessments completed, 10.3% of children were diagnosed with PTS as classified by both 

the MJI and MVS tools. However, only two children were identified to have clinically significant PTS as 

diagnosed by the MJI. No children were classified as having moderate PTS as determined by the MVS. Four 

children diagnosed with PTS demonstrated thrombus on the phase II ultrasound and two children had wall 

thickening of one vessel.  

 

Factors identified to be significantly associated with the development of CVC-related thrombus at Phase I on 

bivariate analysis included the unit where the CVC was inserted, if the patient received more than 10u/kg/hr 
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of UFH, if the patient had a cardiac arrest and if the patient had a major or clinically relevant bleeding episode 

(all p values ≤0.05). However, only one of these factors, cardiac arrest, was found to significantly increase the 

risk of CVC-related thrombosis at Phase I (OR 3.3, 95% CI 1.29 – 8.55, p=0.01).  

 

The presence of CVC-related thrombus at Phase II was significantly associated with site of CVC placement, 

the unit where the CVC was inserted and an episode of hypotension (all p values ≤0.05). The odds of a patient 

having thrombus present at Phase II were significantly increased if their CVC was placed into the femoral vein 

(OR 26.2, p=0.02).  

 

Children with femoral CVCs demonstrated higher D-dimer, Factor VIII levels compared to children with 

jugular CVCs. Children with femoral CVCs also had their CVC insitu for a significantly longer duration (mean 

difference of 4.4 days, P<0.001), had a significantly higher incidence of hypotension, cardiac arrest and were 

more likely to have had their CVC inserted in PICU compared to children with a jugular CVC (all p values 

<0.05). These results likely reflect that the majority of patients who have a femoral CVC inserted in PICU do 

so because that is the easiest site for intensivists to access when patients are hypotensive and need urgent 

access. The higher incidence of acute complications among this sub-group of children compared to the rest 

of the cohort similarly suggests that children with femoral CVCs required central venous access during periods 

of critical illness. Furthermore, children with femoral CVCs were significantly more likely to have a higher 

PIM2 score compared to children with a jugular CVC (OR 1.041, 95%CI 1.011 to 1.072, p=0.006), indicating a 

higher acuity and risk of mortality among children with femoral CVCs. This finding is consistent with the result 

that cardiac arrest significantly increased the risk of CVC-related thrombosis at phase I for all children and 

suggests a high level of acuity across the sample but particularly for the sub-group of children with femoral 

CVCs. The sub-group of children with femoral CVC-related thrombosis also had a higher median PIM2 score 

compared to children with femoral CVCs who did not have thrombosis (6.65 and 2.91 respectively), although 

the difference was not statistically significant.   
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Predictive factors for clinically significant PTS were also explored. Creatinine level, CVC placement and the 

unit where the CVC was placed were significantly associated with the development of clinically significant 

PTS in this cohort on bivariate analysis (all p values ≤0.05). The magnitude of this association could not be 

determined as logistic regression could not be performed as only two patients were identified to have 

clinically significant PTS.  

 

These results demonstrate that despite one in five children developing CVC-related thrombosis in this cohort, 

the subsequent development of morbidity or clinically significant PTS two years after CVC placement was 

rare. There were no instances of mortality caused by CVC-related thromboembolic complications. Children 

with femoral CVCs had a higher incidence of CVC-related thrombosis at Phase I and both children with 

symptomatic CVC-related thrombosis had femoral CVCs. CVC placement into the femoral vein also 

demonstrated a significantly increased risk of residual CVC-related thrombus two years after CVC placement 

in this cohort. Children with femoral CVCs also appeared to more acutely unwell as evidenced by significantly 

higher D-dimer, Factor VIII levels and PIM2 scores and a higher incidence of cardiac arrest and hypotension, 

compared to the rest of the cohort. These characteristics among children with femoral CVCs in PICU, 

identified to increase the risk of CVC-related thrombosis,  can perhaps be used to identify at risk populations 

of children both in future studies but more importantly, in clinical practice. However, whether the increased 

thrombosis was related to the actual site of CVC insertion, or merely reflected the increased acuity of the 

patients is difficult to determine at this stage. Other clinical and laboratory factors demonstrated an 

association with the development of CVC-related thrombus and clinically significant PTS. However, the 

probability that these characteristics could predict CVC-related thrombus in this cohort was low.  
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CHAPTER 4 - DISCUSSION  

4.1 Summary  

Central venous catheters (CVCs) are known to be the major cause of thrombosis in acutely unwell neonates 

and children, however the frequency of asymptomatic CVC-related thrombosis reported in children varies 

widely. Screening for asymptomatic CVC-related thrombosis is not routinely performed, and the natural 

history of asymptomatic thrombosis remains unknown as common practice is to treat incidentally detected 

thrombosis.  This thesis reports the outcomes of a prospective study of children in a paediatric intensive care 

unit (PICU) with a CVC placed into the femoral or jugular veins that sought to identify the incidence of 

asymptomatic and symptomatic CVC-related thrombosis, the utility of ultrasound screening, the natural 

history of asymptomatic thrombosis, especially with regard to post thrombotic syndrome, and the risk factors 

that might allow prediction of patients at higher risk of thrombosis. A screening ultrasound was performed 

early during the child’s admission (Phase I), with results blinded to clinical team. This study is distinct from 

previous work as children in this cohort were followed up two years after CVC insertion to determine the 

natural history of asymptomatic thrombosis including mortality and morbidity, in terms of residual 

thrombosis and post thrombotic syndrome (PTS).   

 

The incidence of all CVC-related thrombosis in this cohort was 21.9%. The incidence of symptomatic 

thrombosis was 1%, with one child developing symptoms of CVC-related thrombosis prior to the screening 

ultrasound (Phase I) and another child developed symptomatic CVC-related thrombosis four days following 

a negative Phase I screening ultrasound. These findings are confirmatory of the relatively high incidence of 

asymptomatic CVC-related thrombosis in acutely unwell children in PICU, and the relatively low incidence of 

symptomatic CVC-related thrombosis. The significance of asymptomatic CVC-related thrombosis for a child’s 

short and long-term health was unclear prior to this study (96).  

 

The Phase II follow up data provided by this study is critical to our understanding of the natural history of 

asymptomatic CVC-related thrombosis in a cohort of children in PICU. Whilst one in five children developed 
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asymptomatic CVC-related thrombosis (21.2%), the subsequent incidence of thrombosis associated mortality 

or morbidity was low, with only one child with asymptomatic CVC-related thrombosis assessed to have 

clinically significant PTS, using an a priori defined classification of PTS, although as will be discussed 

subsequently, the validity of this classification is questionable. Another child with symptomatic CVC-related 

thrombosis who received treatment developed clinically significant PTS. There were no instances of 

radiological thrombosis extension or clinical embolization.  

 

The results of this study are important as they demonstrate that the consequences of asymptomatic CVC-

related thrombosis in children are perhaps not clinically significant enough to warrant treatment with 

therapeutic anticoagulation. This study demonstrates that among a cohort of 189 children, a low risk of short 

and long-term sequelae in the 30 children who were diagnosed with asymptomatic CVC related thrombosis 

but whom did not receive therapeutic anticoagulation and who were indistinguishable from those who did 

not have thrombosis in terms of outcome. When compared with the known risks of anticoagulation in sick 

children, this would suggest that asymptomatic CVC-related thrombosis, even in critically unwell children 

might not require specific treatment.  

 

In that context, routine imaging for asymptomatic CVC-related thrombosis would seem unwarranted. The 

only value in routine imaging for asymptomatic CVC-related thrombosis would be if there was evidence that 

prophylaxis could then reduce the complication rate. Of note almost the entire cohort (83%) received 

prophylactic UFH at greater than or equal to 10 u/kg/hr and yet this did not prevent either the symptomatic 

CVC-related thrombosis or produce a lower rate of asymptomatic CVC-related thrombosis than has 

previously been reported in the literature for analogous populations.  

 

Multiple factors contribute to an increased risk of thrombosis in a child. Knowledge of the factors that 

potentially increase the risk of thrombosis (in addition to the CVC itself) have been explored in the literature, 

with much variation in results and predictive power. As well as common patient and clinical characteristics, 

D-dimer and Factor VIII have been laboratory parameters widely explored in both adults and children as 
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predictors of thrombosis (56, 164). Elevated D-dimer and Factor VIII have been reported to be predictive of 

poor outcomes, such as PTS, in children with known thrombosis.  The results of this prospective study 

demonstrate that neither D-dimer nor Factor VIII are useful predictors of acute CVC-related thrombosis or 

PTS in children within PICU. However, this study identified other clinical characteristics that were found to 

be predictive of CVC-related thrombosis in this cohort. Cardiac arrest was predictive of acute CVC-related 

thrombosis at Phase I and placement of the CVC into a femoral vein was predictive of residual CVC-related 

thrombosis at Phase II. Children with femoral CVCs were identified as a sub-group in this study with multiple 

risk factors for thrombosis and overall higher acuity as evidenced by a significantly higher PIM2 probability 

of death score, elevated D-dimers and Factor VIII levels and a higher incidence of acute complications such 

as hypotension and cardiac arrest, compared to children with jugular CVCs. Whether these findings point to 

a difference in thrombosis risk associated with site of CVC placement or whether they reflect the increased 

thrombosis risk with increasing severity of systemic illness will need to be determined in subsequent studies. 

The implications of these findings will be examined in detail in this chapter. 

 

Follow up of this cohort, two years after CVC placement (Phase II) involved repeat ultrasound imaging and 

comprehensive assessment for PTS using two paediatric PTS tools. The clinician completing the PTS 

assessment was blinded to the child’s ultrasound results (for Phase I and Phase II).  In contrast to previously 

published studies of children with known thrombosis who were assessed for PTS, clinically significant PTS 

was only diagnosed in two children in this cohort. This result raises many important issues about the 

assessment and reporting of PTS in children. These issues will be addressed in this chapter but perhaps the 

most pressing issue identified by this study is that by reporting all cases of PTS, rather than specifying cases 

of clinically significant PTS, the incidence of PTS in children may have been overcalled in the literature to 

date.   

 

The discussion of this study will focus on the clinically relevant results which change our current thinking or 

improve our knowledge with respect to clinical decision making in children in PICU. These findings will be 

discussed under the following categories: 
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- Demographic characteristics of the cohort and  incidence of CVC-related thrombosis at Phase I 

- Thromboprophylaxis  

- Diagnostic imaging 

- Incidence of CVC-related thrombosis at Phase II 

- Predictive factors for CVC-related thrombosis at Phase I and Phase II 

- Clinically Significant Post Thrombotic Syndrome 

- Incidence 

- Signs and symptoms of PTS 

- Predictors of Clinically Significant PTS  

- Utility of current PTS tools 

- Mortality 

- Limitations 

The final chapter of this thesis will summarise the implications of the study findings for clinical practice and 

future research.  

 

4.2 Significance of Results and Comparative Literature  

4.2.1 Demographic Characteristics of the Cohort and CVC-related Thrombosis at Phase I 

The majority of children (69%) who participated in this study were admitted to PICU and required a CVC 

following cardiac surgery for their underlying congenital heart disease (CHD). A further 9.5% of patients 

required a CVC to manage their deteriorating cardiac function. Reflective of the known population of children 

with CHD undergoing cardiac surgery, not surprisingly the median age of this cohort was 12 months, with the 

youngest child participating being one day old and the oldest being 17 years old.  Children with CHD represent 

a significant proportion of children diagnosed with venous thrombotic events (VTE) (3, 47, 65, 127). The 

consequences of VTE in the CHD population have been reported to confer a higher risk of severe morbidity 

and mortality, especially in children with physiological or surgical shunts (3, 127).  
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Six previous studies have specifically investigated CVC-related thrombosis in neonates and children with CHD 

(3, 65, 81, 84, 96, 101). Rates of CVC-related thrombosis reported in these studies ranged from 0.8% to 43.7% 

however only four studies collected data prospectively and screened for asymptomatic CVC-related 

thrombosis. The study by Anton et al. (2009) was a RCT of heparin bonded and non-heparin bonded CVC’s 

placed into 87 infants less than one year of age with CHD (3). Central venous catheter-related thrombosis 

was identified in 38 children (42.5%), though the rate of asymptomatic CVC-related thrombosis was not 

specified. Importantly, none of the recent studies demonstrated an increased risk of morbidity or mortality 

associated with CVC-related thrombosis (3, 65, 96, 101). The only study to demonstrate a high incidence of 

mortality was performed 20 years ago and only examined a cohort of 20 children with central venous 

thrombosis, secondary to a CVC (84). Mortality was highest among neonates in this cohort, although the 

small sample size limits inferences that can be made from this data (84). The apparent reduction in the risk 

of mortality associated with CVC-related thrombosis since the publication by Petaja et al (1996) may also be 

a reflection of the major advances in paediatric cardiac surgical techniques since then (165).  

 

Of the six studies specifically examining CVC-related thrombosis in children with CHD, the study by Hanslik et 

al. (2008) is particularly comparable to the current study in terms of patient population (CHD), study 

methodology, CVC characteristics (short term, un-tunnelled) and diagnostic imaging modality used (65). Only 

two of the other studies of children with CHD and CVC-related thrombosis present findings that are applicable 

to this study and these two studies will be discussed further on in this section (96, 101).  

 

The median age of children in Hanslik et al’s study, known as the KIDCAT study, was higher than this study, 

being 2.7 years, in a smaller cohort of 90 children.  All children in the KIDCAT study had their CVC’s placed 

into the upper venous system (65). The incidence of all CVC-related thrombosis was 28%, with five children 

(5.5%) presenting with symptomatic CVC-related thrombosis. The rate of asymptomatic CVC-related 

thrombosis in the current study was extremely similar to that reported in the KIDCAT study, (21% and 22%, 

respectively). Notable differences between the current study and the KIDCAT study were that firstly that the 

KIDCAT study performed venography, venous ultrasound and echocardiography for all patients and secondly, 
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the KIDCAT study included children with CVCs placed into the subclavian vein. The current study excluded 

children with a CVC placed into the subclavian vein, as imaging of this vessel via ultrasound is insensitive to 

the detection of thrombus and ultrasound was the only imaging modality available (142). The gold standard 

for imaging of the subclavian vein is venography and thus by including venography as an imaging modality, 

the KIDCAT study was able to enrol children with subclavian CVCs (142). Despite this slight differences in 

enrolment between the two studies, in both studies the majority of children had their CVC placed into either 

the right or left jugular vein, with 97% of children in the KIDCAT study and 81.5% of children in the current 

study. Of note,  the KIDCAT study only recruited children with a CVC placed into the upper venous system 

and all children identified to have asymptomatic CVC-related thrombosis in Hanslik et al’s study were treated 

with low molecular weight heparin (LMWH) for one month. Only one child with asymptomatic CVC-related 

thrombosis in the current study received therapeutic anticoagulation therapy as the treating team deemed 

the child to be at high risk of embolic stroke due to the almost occlusive and yet mobile nature of the 

thrombus and the concomitant  presence of a  right to left shunt. This child was recruited and the ultrasound 

un-blinded early in the study and they were the only child with extensive thrombosis and a right to left shunt. 

During the course of the study other children were identified with similarly extensive asymptomatic CVC-

related thrombosis but their ultrasound results remained blinded. 

 

The similar rates of asymptomatic CVC-related thrombosis between the current study and the KIDCAT study 

confirms that the use of ultrasound in the current study was appropriate given the inclusion of only children 

with femoral or jugular CVCs. Importantly, the current study provides the first long term follow data that 

demonstrates the natural history of asymptomatic CVC-related thrombosis in this patient population because 

with one exception, none of the patients with asymptomatic CVC-related thrombosis were treated or even 

known to the treating team.  Evidence of asymptomatic CVC-related thrombosis and long-term PTS outcome 

data from the same paediatric cohort, without intervention, has not been available previously.  

 

Just under 20% of this study cohort had CVC’s placed into the femoral vein. However, a third of children with 

femoral CVC’s developed thrombosis during their admission compared to only 18.5 % of children with jugular 
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CVC’s (non-significant finding). All instances of occlusive thrombosis (n=3) occurred in the external iliac vein 

in children with a femoral CVC.  A recent study specifically examined the incidence of asymptomatic and 

symptomatic CVC-related thrombosis in a cohort of 134 children with femoral CVCs in PICU (166). Ten 

children developed symptomatic CVC-related thrombosis (7.5%), whilst only 3 children of 52 children 

screened (7.1%), were identified to have asymptomatic CVC-related thrombosis (166). As the results from 

Sol et al. (2015) differ from the current study results, with a higher incidence of symptomatic CVC-related 

thrombosis but a much lower incidence of asymptomatic CVC-related thrombosis, possible explanations for 

the variation in results will be explored in more detail.  

 

Femoral CVCs are more commonly utilised in children in urgent need of venous access and the children are 

more likely to have significant acuity of illness (32). States of sepsis, hypotension and shock exacerbate the 

low flow state through the femoral veins and can contribute to a higher risk of thrombosis. In the current 

study, children with femoral CVCs had their CVC in place for a median of four days longer than children with 

a jugular CVC; were more likely to have a period of sustained hypotension, more likely to have had a cardiac 

arrest, required a higher rate of UFH and were more likely to have a non-cardiac underlying diagnosis. These 

differences between children with jugular and femoral CVC’s were all statistically significant (<0.05) on 

bivariate analysis. 

 

The median age of patients in the study of femoral CVCs by Sol et al. (2015) did not differ significantly from 

the current study (1.9 years), however the most common reason for admission to PICU was respiratory 

insufficiency and only 10% of the cohort had underlying cardiac disease (166). The rate of asymptomatic CVC-

related thrombosis reported by Sol et al (2015) is low both compared to the current study and compared to 

previous studies of asymptomatic CVC-related thrombosis in critically ill children (65, 70, 103). Two possible 

explanations for their lower rate of asymptomatic CVC-related thrombosis exist. Firstly, the timing of the 

imaging, performed after the CVC was removed, compared to other studies which perform imaging whilst 

the CVC is in place (65, 70, 85, 96, 103). Removal of the CVC can remove any CVC tip thrombosis or fibrin 

sheaths that may have been diagnosed as asymptomatic CVC-related thrombosis had the CVC remained 
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insitu. Secondly, less than 40% of the cohort were screened for asymptomatic CVC-thrombosis, thus the 

smaller sample size and low rate of screening may have resulted in incidences of asymptomatic CVC-related 

thrombosis being missed (166).   

 

The rate of symptomatic CVC-related thrombosis in the Sol et. al study is higher than the current study but 

overall is lower than rates reported in other studies of children with femoral CVCs (39, 70, 85, 101). Sol et al. 

(2015) declare that their rate of symptomatic thrombosis is similar to many studies but one study they refer 

to dates from the 1990s and actually relates to the incidence of asymptomatic femoral CVC-related 

thrombosis (70). More recent studies report rates of symptomatic femoral CVC-related thrombosis higher 

than 20% (32, 98, 101). The low rate of symptomatic CVC-related thrombosis reported by Sol et al. may be 

attributed to improvements in practice in insertion techniques for femoral CVCs in recent years resulting in 

less endothelial damage and thus a reduced thrombogenic response. The median PIM2 score for the Sol 

cohort was higher than the current cohort (5.8 and 2.0 respectively) which might explain why the rate of 

symptomatic thrombosis was increased compared to the current study, and is consistent with the concept 

that the sicker the patients, the increased risk of symptomatic thrombosis.  

 

Five previous studies that examined the incidence of CVC-related thrombosis in critically ill children report 

an increased incidence of CVC-related thrombosis in children with femoral CVC’s (32, 70, 85, 101, 103). A 

retrospective study of over 300 infants with CVC’s reported that femoral CVC’s were significantly associated 

with a higher incidence of thrombosis as compared to jugular and subclavian CVCs (P<0.01) (32). This study 

only reported symptomatic CVC-related thrombosis and comparative to the current study, only 22% of the 

cohort had CHD. Another retrospective study of 89 infants with CHD found a fivefold increase in risk of CVC-

related thrombosis in infants with a femoral CVC, compared to infants with an umbilical CVC (95% CI 1.5 to 

21.1, p = 0.005). There were only 19 children with femoral CVCs in that cohort and diagnosis of CVC-related 

thrombosis (all symptomatic) was based on clinical or radiological findings and not confirmed by diagnostic 

imaging (101).  
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Three studies that performed prospective surveillance for symptomatic and asymptomatic CVC-related 

thrombosis also reported rates of thrombosis in children with femoral CVCs. Most recently a study by 

Faustino et al. (2013) reported an incidence of asymptomatic CVC-related thrombosis of 15.8% in a cohort of 

101 children in PICU (103). Less than half of the cohort were aged under one year and only 19% had an 

underlying diagnosis of CHD. In contrast to the current study and perhaps reflective of the differences in 

patient characteristics, the study by Faustino et al (2013) found that children with CVC-related thrombosis 

were more likely to have their CVC placed into the internal jugular vein and were significantly more likely to 

be aged greater than 13 years (OR 14.1, 1.9 to 105.8, p=0.01) (103). The incidence of CVC-related thrombosis 

in patients with a femoral CVC in the Faustino study was 11% (n=4); compared to 33% (n=11) in the current 

study (103). The lower rate of asymptomatic CVC-related thrombosis in the Faustino study (15.8% compared 

to the current study (21%) can be explained by three factors; a different distribution in age and primary 

diagnosis and a higher percentage of children with subclavian CVCs, especially among children aged less than 

one year.  Additionally, the study by Faustino et al. (2013) used ultrasound which has limited sensitivity to 

detect thrombosis in the subclavian veins, especially in younger children, thus the incidence of asymptomatic 

CVC-related thrombosis may have been underestimated (103, 142).  

 

Two older studies of CVC-related thrombosis in critically ill children report incidences of femoral CVC-related 

thrombosis of 21.7% in a cohort of 76 children and 35% in a cohort of 20 children (70, 85). Talbott et al’s 

(1995) study prospectively followed children only with femoral CVCs and was limited by its small sample size; 

however all cases of CVC-related thrombosis were asymptomatic (70). Comparatively, the study by Beck at 

al. (1998) reported an incidence of all CVC-related thrombosis of 18.3%, with only seven children presenting 

with symptomatic CVC-related thrombosis. The mean age of children in Beck et al’s cohort with CVC-related 

thrombosis was 1.9 years, whilst in the current study the median age of children with CVC-related thrombosis 

was considerably lower, being four months (range 0 to 201 months). The current study did not find any 

significant association between age and increased risk of thrombosis; however Beck et al. (1998) reported 

that younger age was associated with CVC-related thrombosis (OR 0.72, 95% CI 0.54 to 0.96). Similar to the 

current study in which both patients with symptomatic CVC-related thrombosis had femoral CVCs, the 
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majority (85%) of children in Beck et al’s (1998) study with symptomatic CVC-related thrombosis also had a 

femoral CVC. Further comparisons between cohorts from Beck et al’s (1998) study and the current study 

could not be assessed as limited data was presented about children’s underlying diagnosis (85).  

 

Other findings that suggest a high acuity among children with femoral CVCs in this study were that the median 

Paediatric Index of Mortality II (PIM2) probability of death score was significantly higher in the sub-group of 

children with femoral CVCs compared to children with jugular CVCs (3.2 and 1.9, respectively, p=0.03, OR 

1.041, 95%CI 1.011 to 1.072, p=0.006). The PIM2 is a model that predicts the risk of death for groups of 

patients admitted to PICU and is reported as a decimal probability score or percentage (155). Several studies 

have reported PIM2 scores (or another mortality index equivalent) in cohorts of children investigated for 

CVC-related thrombosis (32, 70, 85, 98, 103, 164, 166, 167). The median PIM2 score for children with femoral 

CVCs in this cohort was 3.2. This is higher than the PIM2 scores reported in a study conducted by a group at 

Yale across two PICUs, which reported average PIM2 scores of 1.9 and 2.4 for each of the units, but lower 

than the median score in a cohort of 134 children with femoral CVCs in PICU (median 5.8) (98, 103, 164, 166, 

167). The results from previous studies together with the current finding suggest children with femoral CVCs 

in situ may have a higher level of acuity when assessed using the PIM2 score compared to cohorts of children 

with predominantly upper venous CVCs, such as in the above mentioned study performed by the Yale group. 

Given the systematic nature of calculating a PIM2 score and the standard time that it is completed (within an 

hour of PICU admission), this is a reliable comparator of acuity between study populations (154, 155). Similar 

to the findings of this study, no previous research has identified an association between PIM2 (or an 

equivalent mortality index) and the incidence of CVC-related thrombosis. In fact, the data from this study is 

the first indication that PIM2 may be useful in identifying children with femoral CVCs and increased acuity at 

risk of CVC-related thrombosis.  

 

To further highlight the complexity of this cohort and the nature of their acute illnesses, complications 

experienced during the PICU admission can be examined, comparing those children who experienced CVC-
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related thrombosis to those who didn’t. These findings will be discussed in more detail later on in the chapter 

when all predictors of thrombosis are explored.  

 

This examination of the literature and study results raises questions regarding the patient related factors that 

may contribute to an increased risk of CVC-related thrombosis in children with femoral CVCs. In children of 

younger age the ratio of CVC size is much greater compared to the size of the vessel, particularly in infants. 

This changes the rate of flow around the CVC and combined with inflammation, endothelial damage and the 

reliance on gravity flow through the femoral veins can precipitate a thrombogenic response (32). Given the 

median age of children with CVC-related thrombosis in this cohort was four months, the ratio of CVC size to 

the diameter of the blood vessel would be disproportionate, although it was not able to be measured. Thus 

it appears that this younger cohort possessed multiple risk factors for CVC-related thrombosis.  

 

Whilst asymptomatic CVC-related thrombosis is a common complication of care for children with CHD, the 

other population for whom CVC-related thrombosis has been extensively investigated is children with cancer. 

No children in the current study were identified to have a primary diagnosis of cancer. Given the different 

risk factors present in children with cancer compared to those with CHD, one would be surprised if the 

incidence of CVC-related thrombosis is similar. Prospective studies that screened for asymptomatic CVC-

related thrombosis in children with cancer report incidences of between 24% and 69% (67, 69, 87, 91, 95, 

102). The largest sample size was 73 children, recruited for a randomised controlled trial (RCT) of warfarin 

versus no thromboprophylaxis for the lifetime of the CVC, of which 35.5% (n=26) children were identified to 

have asymptomatic CVC-related thrombosis (91). A more recent study of children with cancer screened for 

thrombosis in a cohort of 114 children with Port-A-Caths (102). The rate of Port-A-Cath related thrombosis 

was 39.5% (n=45). Whilst considered a central venous device, this population is distinctly different from the 

current study cohort in whom the majority had un-tunnelled CVCs. Additionally, the cohort from Albisetti et 

al’s study had a median age of six years. The literature suggests that overall the incidence of CVC-related 

thrombosis is higher in cohorts of children with cancer and highlights the variation in reported rates of CVC-

related thrombosis amongst cohorts of children with different underlying diseases and of various ages. 
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Clearly, deliberations about thromboprophylaxis need to take into account a child’s underlying diagnosis, age 

and location of CVC when determining their individual risk of CVC-related thrombosis.  

 

4.2.2 Thromboprophylaxis  

Over 80% of this cohort had unfractionated heparin (UFH) administered for thromboprophylaxis, at a median 

dose of 10 units per kilogram per hour (u/kg/hr)(range 1 -30u/kg/hr). Controversy exists over the utility of 

thromboprophylaxis in preventing CVC-related thrombosis in children. Four RCTs of thromboprophylaxis 

have been performed in four very different cohorts of children; a sample of 90 children post cardiac surgery; 

73 children with cancer; 186 children with an upper venous CVC and 46 neonates with umbilical venous 

catheters (68, 91, 96, 168). None of the studies were able to detect a difference in rates of thrombosis 

between the control and intervention arms and two studies were discontinued early due to identification of 

futility (68, 96).  

 

The most recent study by Schroeder et al (2010) bares the most similarity to the current study population; 

children in the intervention arm received 10u/kg/hr of UFH and all children were post cardiac surgery with a 

mean age of 4 months. The rate of CVC-related thrombosis in the heparin group was 15%, versus 16% in the 

control (placebo) group (96). The paper did not report if any children developed symptomatic CVC-related 

thrombosis. Whilst the current study had a slightly higher rate of CVC-related thrombosis as compared to the 

RCT by Schroeder et al (2010), both studies demonstrate that UFH administered at 10u/kg/hr is not protective 

against the development of CVC-related thrombosis. Rates of CVC-related thrombosis in the RCTs by 

Massicotte et al (2003) and Rudd et al (2006) were 14.1% and 47% in intervention group, respectively and 

12.5% and 36% in the control groups, respectively, again demonstrating the null effect of thromboprophylaxis 

on the incidence of CVC-related thrombosis (68, 91).  

 

A recent meta-analysis of pharmacological and non-pharmacological thromboprophylaxis for CVC-related 

thrombosis in children reported that from 37 articles, the pooled frequency of thrombosis was 0.20 (95% CI 

0.16 to 0.24)(169). There was no evidence to suggest that thromboprophylaxis strategies such as the 
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administration of anticoagulation or the use of heparin-bonded catheters reduced the risk of CVC-related 

thrombosis (169). Missing data, especially radiological imaging to confirm the presence or absence of 

thrombosis, limited the outcome data from the studies evaluated (169). The majority of the cohort presented 

here received thromboprophylaxis with UFH at a rate similar to what has been explored in previous RCTs. 

Thus, the incidence of CVC-related thrombosis of 22% is proportionate to the pooled frequency reported in 

the meta-analysis and again indicative that thromboprophylaxis is not protective against CVC-related 

thrombosis in children.  

 

4.2.3 Diagnostic Imaging 

Prospectively screening for asymptomatic CVC-related thrombosis is currently not routine practice in most 

paediatric centres and whether this relates to feasibility, cost or uncertainty about the utility is unknown. 

The ideal timing of imaging post CVC insertion is also unclear. In the current study, diagnostic imaging with 

ultrasound was scheduled to be performed within 72 hours of CVC insertion. This timeframe was extended 

when it became apparent that is was an unrealistic timeframe for the sonographers to conduct the 

ultrasounds, given the restraints of our health care system. The time frame was extended to five to seven 

days post CVC insertion and then revised to be any time prior to the child’s discharge from hospital to 

facilitate optimal data collection. The median time from CVC insertion to ultrasound was three days for the 

cohort; however unfortunately 22.8% of the cohort did not have an ultrasound performed during their 

hospital admission. This is a limitation of the study but certainly increasing the time period during which the 

ultrasound could be performed aided in the completion of the maximum number of ultrasounds possible. 

This study limitation is reflective of the nature of this study; being conducted in a clinical environment by 

busy clinicians with multiple competing interests. The study employed the skills of three senior sonographers 

to conduct the research ultrasounds but the sonographers had to schedule the research ultrasounds around 

their existing workload.  
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An RCT of UFH thromboprophylaxis conducted at Standford University in 2010 conducted screening 

ultrasounds or echocardiograms for asymptomatic CVC-related thrombosis 24 to 72 hours after CVC insertion 

and then every three to five days thereafter until the CVC was removed (96). Central venous catheters that 

remained in place for greater than or equal to seven days had a higher risk of thrombosis (OR 4.3, p=0.02). 

This result would suggest that performing screening ultrasounds for asymptomatic CVC-related thrombosis 

at one time point relatively early after CVC insertion may underestimate the incidence of asymptomatic CVC-

related thrombosis. However, in contradiction to these results, a prospective study of 76 children in PICU 

identified that the incidence of asymptomatic CVC-related thrombosis increased from day one to day four 

post CVC insertion and then the rate decreased thereafter (85). Three recently published studies in similar 

cohorts of children in PICU undertaken by a group at Yale University performed serial surveillance 

ultrasounds to detect asymptomatic CVC-related thrombosis.  The ultrasounds were performed within 24 

hours of CVC insertion, within 24 hours of CVC removal, at day 28 after CVC insertion if the CVC was still in 

place, on day of discharge from PICU or prior to death (103, 164, 167). None of the studies demonstrated a 

significant difference in the time the CVC was in place between children with and without CVC-related 

thrombosis. In the largest of the three studies with a cohort of 101 children in PICU, the majority of 

asymptomatic CVC-related thromboses were diagnosed within seven days of CVC insertion (68.8%, n=11) and 

the median time from CVC insertion to diagnosis of thrombosis was four days.  

 

Two further studies performed screening for asymptomatic CVC-related thrombosis only after removal of the 

CVC (65, 166). Rates of asymptomatic CVC-related thrombosis were distinctly different between the two 

studies; a rate of 22% when imaging was performed within a week of CVC removal whilst the other study 

reported a rate of 7.1% when imaging was performed within 72 hours of removal. Importantly the KIDCAT 

study (2008) which reported the rate of asymptomatic CVC-related thrombosis of 22%, conducted 

ultrasound, venography and echocardiogram in all patients to diagnose asymptomatic thrombosis, thus there 

was a high likelihood that all cases of asymptomatic thrombosis were identified. Sol et al (2015) reported a 

lower rate of asymptomatic CVC-related thrombosis, however only patients with femoral CVC’s were 

recruited (166). The low rate of asymptomatic CVC-related thrombosis in the Sol study may also because 
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removing the CVC would remove any catheter tip thrombosis or fibrin sheaths that may have been diagnosed 

as asymptomatic CVC-related thrombosis had the catheter remained insitu (166). Previous studies would also 

suggest that contrary to these results from the Sol et al. study, patients with femoral CVCs are more likely to 

have a higher incidence of CVC-related thrombosis.  

 

These differing results do not clarify the ideal time of conducting screening ultrasounds for the detection of 

asymptomatic CVC-related thrombosis. The studies were conducted in cohorts of children with short-term 

CVCs, where the majority of children had their CVC removed approximately a week after insertion and serial 

ultrasonography was performed. The current study population likewise had short-term CVCs, insitu for a 

median of four days, but children only had one screening ultrasound performed, mostly within seven days of 

CVC insertion. From the literature to date, there is clearly uncertainty about the optimal timing of diagnostic 

imaging to detect asymptomatic CVC-related thrombosis. However, results from the current study suggest 

that screening for asymptomatic CVC-related thrombosis does not confer any benefit as the main findings do 

not support the treatment of asymptomatic CVC-related thrombosis. Thus the question of the optimal timing 

for screening for asymptomatic CVC-related thrombosis becomes superfluous.  

 

In the current study, the number of days the CVC was in place was not associated with the diagnosis of 

asymptomatic CVC-related thrombosis at Phase I. However, children with femoral CVCs had their CVCs in 

place for a significantly longer duration compared to children with jugular CVCs (9.6 days versus 5.2 days, p 

=<0.001). This is possibly a reflection of the higher acuity among children with femoral CVCs, as also 

demonstrated by a significantly higher PIM2 probability of death compared to children with jugular CVCs 

(p=0.03). As discussed previously, there was also a trend toward a higher incidence of CVC-related thrombosis 

at Phase I in children with femoral CVCs, although this was not significant.  

 

Determining the degree of vessel occlusion and vessel damage may be important in understanding outcomes 

for asymptomatic thrombosis in children. In this cohort, only two (6.25%) of 32 children demonstrated 

occlusive CVC-related thrombosis, both of which were in the external iliac veins. As well as the remaining 30 
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children with non-occlusive thrombus, a further 14 (43.8 %) children demonstrated wall thickening of at least 

one vessel on the screening ultrasound performed at Phase I. The significance of wall thickening is unclear, 

however reporting  vessel wall changes, the degree of vessel occlusion or the size of the thrombus is common 

in the literature (65, 66, 69, 91).  

 

Importantly, this study used a priori definitions to identify thrombosis, comparative to multiple other studies 

of asymptomatic CVC-related thrombosis (65, 77, 85, 142). The characteristics used to identify thrombus on 

ultrasound included the presence of echogenic material, compressibility, partial/complete or absent flow. 

The use of a priori definitions of vessel occlusion in this study also allowed for clarification of each child’s 

thrombotic burden and exploration of the association between the degree of occlusion and long-term 

outcomes. A priori definitions of vessel occlusion  have only been presented in six previous studies examining 

the incidence of asymptomatic CVC-related thrombosis (65, 66, 69, 74, 91, 142). However none of these 

studies performed long-term follow up imaging to determine the progression, resolution or development of 

new CVC-related thrombus. This study is the first to determine the natural history of asymptomatic CVC-

related thrombosis in children over a two year period, where thrombosis and the degree of vessel occlusion 

was defined a priori, repeat imaging was performed to document changes in thrombus burden over time and 

PTS was assessed.  

 

The KIDCAT study which recruited patients with similar characteristics to the current study, reported a 41% 

incidence of fibrin sheaths whilst 28% of children had greater than 50% of the vessel occluded (65). Sub-

analysis of children with CVC-related thrombosis from the PARKAA study revealed that 33% of the 15 children 

with thrombosis diagnosed via venography four weeks after CVC insertion had greater than 75% occlusion of 

the vessel (142). Both these rates of vessel occlusion are significantly higher than the current study, perhaps 

as both studies performed screening ultrasounds after CVC removal (65, 142). The low incidence of occlusive 

thrombus in the current cohort can possibly be attributed to the timing of ultrasound, being only a median 

of three days after CVC insertion, with no additional surveillance ultrasounds performed during the child’s 

admission. Whilst it is unknown if any children in the cohort had progression from non-occlusive CVC-related 
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thrombosis to occlusive thrombosis during their admission the low rates of symptomatic CVC-related 

thrombosis and PTS in this cohort would suggest that this was not a major problem, however whether there 

were subclinical changes in the thrombus burden cannot be answered.  In a RCT of children with cancer, 

randomised to receive low dose warfarin prophylaxis or placebo during chemotherapy, ultrasonography 

performed one month after CVC insertion demonstrated complete vessel occlusion in only one patient. The 

studies by Male et al (142) and Rudd et al. (91)  completed ultrasounds approximately one month after CVC 

insertion and Rudd et al. then also surveyed for ongoing thrombosis at three and six months after CVC 

insertion. Rudd et al. (91)  identified that the majority of CVC-related thrombosis diagnosed at one month 

were transient, with only six (37.5%) of thromboses still being present at the six month surveillance 

ultrasound (91).  

 

This study of a large cohort of predominantly young infants whom mostly had underlying cardiac disease, 

demonstrated a high incidence of asymptomatic CVC-related thrombosis (21%), despite early introduction of 

low dose UFH prophylaxis in the majority of children. There was no statistically significant association 

between age, CVC location, the amount of UFH and the presence or absence of thrombosis at screening 

ultrasound. A major feature of this study was the blinding of the results of the screening ultrasounds to the 

clinical team (with the exception of one child, as previously described), meaning that for the first time we 

have a true sense of the natural history of asymptomatic CVC-related thrombosis in this population. A 

standalone aspect of this study is that the cohort was followed prospectively for two years to document the 

changes in thrombus burden over time and to assess the children for PTS. Predictive factors for asymptomatic 

CVC-related thrombosis at screening (Phase I) and follow up (Phase II) were examined. The incidence of CVC-

related thrombosis at Phase II and predictive factors for thrombosis at both time points will be examined in 

the next two sections of this chapter.  
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4.2.4 Incidence of CVC-related thrombus at Phase II 

Of the 175 children eligible for follow up, 128 children were assessed at Phase II, a median time of 26 months 

after CVC insertion. Ultrasounds were performed in 120 children.  Twenty-four of the 32 children identified 

to have CVC-related thrombosis at Phase I attended for follow up and had an ultrasound performed at Phase 

II. Only three of these 24 children diagnosed with CVC-related thrombus at Phase I had residual thrombus at 

Phase II. At Phase II, nine children were identified to have thrombus whom did not have CVC-related 

thrombosis identified at Phase I. One of these nine children was the child that developed symptomatic CVC-

related thrombosis four days after a negative Phase I ultrasound and then received therapeutic 

anticoagulation.  

 

These findings highlight a low incidence of residual asymptomatic CVC-related thrombosis two years after 

CVC placement and support previous evidence provided by two prospective studies conducted in Norway, 

that many asymptomatic CVC-related thrombosis are transient (87, 91). The rates of transient thrombosis 

reported by the two Rudd studies are 22% (4  of 18) and 62.6% (10 of 16), all of which had resolved by the 

time of follow up imaging five to six months later. None of the patients identified in the two studies by Rudd 

et al. (2002, 2006) received treatment for their asymptomatic CVC-related thrombosis (66, 87). The findings 

from the current study together with this previous evidence suggest that  a significant proportion of 

asymptomatic CVC-related thrombus are transient, resolve without treatment and cause no long-term 

sequelae for patients, such that  screening for asymptomatic CVC-related thrombosis is not worthwhile.  

 

The finding that eight children developed thrombosis in the interval period between Phase I and Phase II can 

be explained by three possibilities. Firstly, it cannot be completely excluded that a proportion of CVC-related 

thrombosis was missed at Phase I. This is not likely given only experienced sonographers performed the 

ultrasounds but cannot be eliminated. Full visualisation of all vessels was achieved in four of the eight 

children. However the other four children had limited access to at least one vessel, often due to the presence 
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of dressings and thus it is possible that the presence of asymptomatic CVC-related thrombosis or changes in 

the vessel wall were not identified. 

 

Secondly, that performing ultrasounds a median time of three days after CVC insertion potentially did not 

capture all asymptomatic CVC-related thrombosis and thrombosis may have developed after the ultrasound 

was performed, but prior to CVC removal. Four of the eight children had their CVC removed between one 

and five days following the screening ultrasound. Seven children were described as having incomplete 

recanalization or residual  thrombus, suggesting the thrombus had developed sometime in the interval 

between Phase I and Phase II but had not completely resolved. 

 

Thirdly, that these patients may have had subsequent admissions and interventions that could have 

contributed to a new or ongoing risk of thrombosis. None of these eight patients were documented to have 

a second CVC inserted into the same vessel (prior to or after the study CVC) during their study admission or 

a CVC inserted in the same vessel in a subsequent admission during the two year follow up period. One child 

was identified to have a new mobile thrombus in the right subclavian vein at Phase II. Whilst this child did 

not have any subsequent CVCs inserted during follow up, he did have two further admissions and had an 

implantable cardioverter defibrillator inserted five months after the initial hospital admission and Phase I 

ultrasound, with a pacemaker wire placed into the left subclavian vein. The aetiology of the new 

asymptomatic thrombosis is unclear but it seems unlikely that it was related to the study CVC. 

 

Similar to the current study’s finding, in the study by Sol et al. (2015), two of 52 children with femoral CVCs 

screened for asymptomatic CVC-related thrombosis did not have thrombosis on screening but did have 

thrombosis  when follow up imaging was performed, a median time of two years later (166). Sol et al’s 

explanation of the finding was that the thrombosis was possibly missed at screening or that it developed days 

after CVC removal.  The two patients in the Sol study were not known to have any ongoing risks for 

thrombosis but this data was not captured systematically. Given that the screening ultrasound was 
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performed within 72 hours of CVC removal in the Sol study, the more plausible explanation for their finding 

is that asymptomatic CVC-related thrombosis was missed in these two patients.   

 

Rudd et al’s (2006) study, found that six children developed new asymptomatic CVC-related thromboses 

between the one month and three month ultrasounds when the CVC was still insitu. However, the study by 

Rudd et al. was in a population of children with cancer and their risk profile is vastly different to the current 

population, due to high rates of sepsis and the increased risks of thrombosis associated with some forms of 

chemotherapy (87). Results from Rudd et al.’s study suggests a percentage of children may remain at high 

risk for CVC-related thrombosis for a longer period of time post-CVC insertion. Other contributing factors to 

this increased risk could be extended length of time the CVC is insitu or changes in the clinical status of the 

child, but these have not been explored in the literature. Whilst none of the eight children in the current 

study with new thrombosis identified at Phase II had their CVC in for longer than eight days, the limitations 

of this study are that children only received a screening ultrasound at one time point (often days prior to CVC 

removal) and that there was no systematic data collection in the two years after the index CVC was inserted 

to determine additional risk factors for subsequent CVC-related thrombosis identified at Phase II.  

 

Evidence of residual and recurrent thrombosis are widely reported in the literature as outcome measures of 

symptomatic VTE, however few studies have followed cohorts of children with asymptomatic CVC-related 

thrombosis to determine the rate of residual or recurrent thrombus. The two Norwegian studies reported 

above, only describe residual thrombosis 5 and 6 months after CVC insertion; longer periods of follow up to 

determine recurrence or residual thrombosis are only reported in small subgroups of patients. A German 

retrospective and prospective study of 29 children with inferior vena cava thrombosis related to a CVC, 

reports outcomes a median of 10 years after diagnosis of thrombosis (110).  Six of seven patients with 

“limited” thrombosis (extending to right atrium, pararenal or intrahepatic region only) had spontaneous and 

complete resolution of thrombus observed, despite none of these patients receiving anticoagulation therapy. 

Conversely, only four of 21 patients with extensive thrombosis (extending at least two caval segments) 

demonstrated IVC patency, despite surgical thrombectomy or thrombolysis. 
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Perhaps the largest study to report outcomes of the CVC-related thrombosis was a sub-analysis of the 

Canadian registry of VTE, which followed 244 children with CVC-related thrombosis for a median of two years 

(40). The rate of symptomatic versus asymptomatic CVC-related thrombosis was not identified and four 

patients did not receive anticoagulation treatment as the thrombotic event was only diagnosed on autopsy; 

these four patients died as a direct result of their CVC-related thrombosis (40). Sixteen children (6.5%) had 

recurrent VTE or pulmonary embolism after the index CVC-related thrombosis and the mean time between 

first thrombotic event and recurrence was six months, despite all 16 patients receiving treatment with 

standard UFH and warfarin (40). 

 

Previous data together with this study’s findings suggest that a sub-group of patients will have an ongoing 

risk of CVC-related thrombosis for some months after CVC insertion whilst the CVC remains insitu. The factors 

that contribute to this increased risk have not been studied but may include, ongoing or subsequent CVC 

insertions as well as ongoing acute illness causing hypercoagulability and pro-thrombotic conditions (40).  

 

 

4.2.5 Predictive factors for CVC-related thrombosis at Phase I and Phase II 

Many risk factors for VTE in children have been explored, however as CVCs themselves are a major 

contributor to the risk of VTE in children the focus has shifted to examine additional risk factors for CVC-

related thrombosis in children. Three groups have specifically investigated risk factors contributing to CVC-

related thrombosis in children; Faustino and colleagues from Yale University, Avila and colleagues from the 

Hospital for Sick Children, Toronto and Hanslik and colleagues who performed the KIDCAT study (65, 164, 

167, 170, 171). In the current study, patient and CVC characteristics as well as acute complications were 

explored as potential risk factors for asymptomatic CVC-related thrombosis in this population.  

 

Many studies have explored age as a risk factor for VTE in children, given that the majority of VTE in children 

present in a bimodal distribution; neonates and adolescents (46, 59, 107, 119). Age was not associated with 
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CVC-related thrombosis in this cohort, both when it was tested as a continuous variable and also when the 

children aged less than one with or without CVC-related thrombosis were compared to those older than one 

year of age with or without CVC-related thrombosis. Only two studies have actually demonstrated that age 

is predictive of CVC-related thrombosis (103, 167). The 2013 Faustino study  reported that children aged 

greater than 13 years had a higher risk of CVC-related thrombosis compared to children aged less than one 

year (aOR 14.1, 95%CI 1.9 to 105.8, p <0.01). The 2016 study by the same group (which included data from 

92 children  in the 2013 study) reported that increasing age was predictive of CVC-related thrombosis both 

using bivariate analysis and when age was included in a risk prediction model (OR 1.009 for every month 

increase, 95%CI 1.003 to 1.01) (167). Whilst Marquez et al (2016) report increasing age as a significant 

predictor of CVC-related thrombosis, the increased risk of thrombosis is relatively low (1.009) and the clinical 

importance of this is unclear.  The median age of children with asymptomatic CVC-related thrombosis in the 

current cohort was 4 months, slightly lower than the median age of children without thrombosis (8 months), 

suggesting a trend towards CVC-related thrombosis being associated with younger age. The overall median 

age of the cohorts was comparable between the current study and the two conducted by the Yale group, 

with the majority of children being aged less than two years in all studies. However, the majority of this 

cohort had underlying CHD, whilst less than 20% in the 2013 study and only 26% of children in the 2016 study 

had CHD (103, 167). These distinct differences in underlying diagnosis, potentially explains the differences in 

the risk factors identified for CVC-related thrombosis in each of the studies. The Yale study results also 

contradict the widely reported data that neonates and infants are at highest risk of CVC-related thrombosis 

due to the disparate ratio of CVC size to vessel diameter (32, 36).  

 

The amount of UFH administered to this cohort did not demonstrate any association with the development 

of CVC-related thrombosis at Phase I on bivariate analysis. When UFH dose was dichotomised to children 

receiving less than or greater than 10u/kg/hr of UFH with and without asymptomatic CVC-related thrombosis 

at Phase I, there was a statistical difference (p=0.03). However, when this association was explored using 

logistic regression, UFH dose was not predictive of CVC-related thrombosis at phase I (OR 2.05, 95% CI 0.63 

to 6.7, p=0.2). In the Faustino study (2013), UFH was also not associated with asymptomatic CVC-related 
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thrombosis, despite the majority of patients in the study receiving low dose UFH thromboprophylaxis for CVC 

patency (103). These results suggest that low dose UFH is not protective against the development of 

asymptomatic CVC-related thrombosis in this cohort of children. Such results are consistent with RCTs of 

pharmacological thromboprophylaxis in children with CVCs discussed previously, in which 

thromboprophylaxis did not reduce the incidence of CVC-related thrombosis in any of the studies reported 

(3, 68, 91, 96). 

 

Similar to the results at Phase I, UFH dose was not associated with a significantly increased risk of CVC-related 

thrombosis at Phase II (OR 1.04, 95% CI 0.89 – 1.22, p=0.6). When children receiving less than or greater than 

10u/kg/hr of UFH with and without asymptomatic CVC-related thrombosis at Phase II were compared, there 

was also no statistical difference in risk of thrombosis identified using simple logistic regression (OR 1.9, 95% 

CI 0.22 to 18.2, p=0.5). The results regarding UFH dose and risk of CVC-related thrombosis two years later 

cannot be compared to findings of previous studies, as to date, evaluation of such factors, specifically in 

children with asymptomatic CVC-related thrombosis, has not been performed. These finding should, 

however,  be interpreted carefully as the trajectory of UFH therapy was not captured in this study; UFH dose 

was only collected on one day, usually at the time of the Phase I ultrasound. Thus this presents only a 

snapshot of the anticoagulation received and the majority of children would have just received 10u/kg/hr of 

UFH for the time their CVC was insitu, as this was standard practice.   

 

Other patient and clinical factors explored as predictors of asymptomatic CVC-related thrombosis at both 

Phase I and II included CVC characteristics and acute complications experienced by the cohort during the 

PICU admission. The acute complications explored included a sustained period of hypotension, 

extracorporeal membrane oxygenation support (ECMO), cardiac arrest, requirement for an open chest post 

cardiac surgery and major bleeding as these were thought to contribute to an increased risk of thrombosis 

based on data from adult studies (19, 25, 172). Cardiac arrest and major bleeding demonstrated a significant 

association with the development of CVC-related thrombosis at Phase I on bivariate analysis (p≤0.05). A 
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sustained period of hypotension was associated with the CVC-related thrombosis at Phase II, but the OR was 

not significant when logistic regression was performed.  

 

Cardiac arrest was found to be predictive of CVC-related thrombosis at Phase I (OR 3.3, p=0.01).This finding 

is important for two reasons: firstly it conveys the overall high level of acuity for the sample and confirms 

suggestions that acuity and acute complications confer a higher risk of CVC-related thrombosis in children. 

Secondly, the finding reinforces the results from this study that children with femoral CVCs had multiple risk 

factors for CVC-related thrombosis due to a higher incidence of acute complications (including cardiac arrest) 

and a significantly higher level of acuity based on the PIM2 score. Cardiac arrest has not been investigated as 

a risk factor for CVC-related thrombosis in any previous paediatric studies to date. A cardiac arrest indicates 

a period of hypotension and low cardiac output. This creates a state of low flow through the extremities but 

also potentially through the central venous circulation. Any state of sustained low flow together with the 

presence of a CVC contributes to an increased risk of thrombosis (32). Examination of clinical and laboratory 

values among the sub-group of children with femoral CVCs with and without CVC-related thrombosis further 

emphasised the association between acute complications and the risk of CVC-related thrombosis. There was 

a statistically significant difference in the incidence of major bleeding between children with femoral CVC-

related thrombosis and children with femoral CVCs, but no thrombosis (p=0.01). 

 

In the Faustino study (2013), which recruited a similar cohort of children in PICU assessed for asymptomatic 

CVC-related thrombosis, acute complications were not associated with the development of thrombosis (103). 

The study investigated mechanical ventilation, blood product transfusion, total parental nutrition, renal 

replacement therapy and vasopressor use as complications of care that may have been associated with CVC-

related thrombosis (103). In a follow up study, the same group then developed a prediction model for CVC-

related thrombosis (167). Interestingly the factors identified to be predictive of thrombosis in this study using 

a cohort of 175 children with diagnosed CVC-related thrombosis, were blood product transfusion and 

increasing age (167). The Marquez study identified that recent surgery and location of CVC in the subclavian 

vein decreased the risk of CVC-related thrombosis in their cohort (167). Conversely, another study identified 
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a higher incidence of CVC-related thrombosis among patients who had had recent surgery and those 

identified to had a CVC-related infection, although these were not significant findings (166).  

 

Recent surgery was not examined as an acute complication in the current study as over 70% of children had 

recent surgery of some kind. The current study found that major bleeding was associated with the 

development of CVC-related thrombosis at Phase I; this can be compared to Marquez et al’s (2016) finding 

that blood product transfusion was predictive of CVC-related thrombosis (167). The definition of major 

bleeding used for this study, provided by the ISTH, stipulates that to be classified as having a major bleeding 

episode the child had to have received a blood product transfusion (173). Given blood product transfusion 

(including the use of red blood cells, platelets, fresh frozen plasma and cryoprecipitate) is indicated to treat 

episodes of major or clinically relevant bleeding and that both the current study and the Marquez study 

(2016) have identified that bleeding and/or blood product transfusion increases the risk of CVC-related 

thrombosis, it appears that major bleeding and its associated treatment need to be considered as risk factors 

for CVC-related thrombosis in critically ill children. Blood product transfusion is hypothesized to contribute 

to a child’s hyper-coaguable state and thus increase the risk of CVC-related thrombosis (167). Another theory 

is that children require a blood transfusion to treat thrombocytopenia, following cardiac surgery, and 

thrombocytopenia  (not including heparin induced thrombocytopenia) has been demonstrated to be a 

contributing risk factor for thrombosis in adults (174, 175). Thrombocytopenia was not explored as a risk 

factor for CVC-related thrombosis in this study but is an issue requiring further research and consideration in 

paediatrics.  

 

As this current study demonstrated that cardiac arrest was a significant predictor of CVC-related thrombosis 

at Phase I, it is possible that other factors significantly associated with thrombosis in this study, being 

hypotension and major bleeding, predicated cardiac arrest in this cohort. It is perhaps the combination of 

major bleeding, causing hypotension and cardiac arrest and the requirement for blood product transfusion 

for resuscitation that increases a child’s risk of CVC-related thrombosis. Marquez et al’s finding would support 

this notion, especially as their study cohort had a similar level of acuity based on the PIM2 score to the current 
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study (1.9 and 2.0, respectively) (167). The episode of sustained hypotension during a child’s deterioration is 

the critical change that reduces blood flow through the catheterised blood vessel and contributes to an 

increased risk of CVC-related thrombosis.  

 

Marquez et al demonstrated a reduced risk of CVC-related thrombosis when the CVC was placed into the 

child’s subclavian vein, whilst Faustino et al reported that children with asymptomatic CVC-related 

thrombosis were significantly more likely to have a CVC in the jugular vein (103, 167). Unlike the two studies 

by the Yale group, CVC placement was not associated with the development of asymptomatic CVC-related 

thrombosis at Phase I in the current study. However, CVCs placed into the femoral veins were predictive of 

the development of CVC-related thrombosis at Phase II (OR 26.1, 95%CI 1.5 to 443.2, p=0.02). This is novel 

data that is not easy to compare to previous studies as no other cohort of children screened for asymptomatic 

CVC-related thrombosis have been followed for two years to re-examine predictors and outcomes. As stated 

earlier in this chapter, two studies of children with CHD have reported that femoral CVCs are associated with 

an increased risk of CVC-related thrombosis; but both studies only examined risk at the time of the child’s 

admission and most of the CVC-related thromboses reported were symptomatic (32, 101). Furthermore, 

neither of these studies screened for asymptomatic CVC-related thrombosis with a priori definitions nor used 

appropriate imaging. Sub-analysis of children recruited for the PARKAA study examined location of CVC as a 

predictor for CVC-related thrombosis but only children with upper venous CVCs were included and imaged 

four weeks after CVC insertion. The only study of children screened for asymptomatic CVC-related 

thrombosis that performed follow up imaging was conducted in a cohort of children, all of whom had femoral 

CVCs, thus CVC placement site could not be explored as a risk factor for thrombosis (166). The results from 

the current study build on previous knowledge about the risk of CVC-related thrombosis associated with 

femoral CVCs and highlight the need for ongoing investigation of CVC placement as a risk factor for CVC-

related thrombosis in children. 

 

Although the numbers are too small to be certain, children with femoral CVCs, who have other risk factors 

contributing to a hypercoaguable state, such as hypotension, major bleeding/ blood product transfusion and 
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cardiac arrest, may be a group at higher risk of extensive CVC-related thrombosis.  Whether this sub 

group would benefit from ultrasound screening needs to be determined in subsequent prospective studies. 

The two key determinants would be whether the risk stratification demonstrates a benefit with larger 

numbers and perhaps more importantly whether evidence to support that early treatment (i.e. of an 

asymptomatic thrombosis) changes the short or long term outcomes as distinct from waiting until symptoms 

developed.  All but one patient with extensive CVC-related thrombosis in the femoral veins developed either 

mild or clinically significant PTS in this cohort. The only child who didn't develop PTS received treatment for 

an extensive symptomatic CVC-related thrombosis. None of the children with extensive thrombosis in the 

jugular veins became symptomatic or developed PTS. These findings were not statistically significant but they 

demonstrate a trend towards an association between extensive CVC-related thrombosis and PTS in children 

with femoral CVCs. Of course consideration of this finding also assumes that the current definitions of 

“clinically significant PTS” are of value to the patient. None of the patients in this study with “clinically 

significant PTS” as defined by current guidelines and as defined a priori for the study reported any 

interference with their day to day activities from their PTS. The relative merits of the current definitions of 

PTS are discussed subsequently, but may impact decision making regarding the clinical value of routine 

scanning for asymptomatic thrombosis in this sub-population. 

 

 The unit where the CVC was inserted (PICU/ operating theatre/other) was significantly associated with the 

development of CVC-related thrombosis at Phase I and II on bivariate analysis. Logistic regression did not 

identify any increased risk of CVC-related thrombus associated with the unit that inserted the CVC. The 

association demonstrated on bivariate analysis is perhaps reflective that 80% of femoral CVCs were inserted 

in PICU in this cohort and over one third of children with CVC-related thrombosis had a femoral CVC. As 

mentioned, children who do require urgent insertion of a CVC in PICU may have multiple risk factors for 

thrombosis due to their unstable clinical state. Beck et al’s Canadian study in PICU presented similar findings; 

that the majority of children with CVC-related thrombosis had their CVC placed in PICU and had a CVC in a 

femoral vein, although these findings were non-significant (85).  
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Whilst patient, clinical and CVC characteristics are commonly explored as predictors, recently much of the 

emphasis has been on thrombophilia and biomarkers that may be able to predict children at a higher risk of 

CVC-related thrombosis (164, 176). In this study, Factor VIII and D-dimer were explored as possible 

biomarkers, based on evidence from previous studies of VTE and PTS in children (56). In contrast to results 

from the Yale group who demonstrated that Factor VIII activity was predictive of asymptomatic CVC-related 

thrombosis in critically ill children (OR 1.98, CI 1.1 to 3.55), neither Factor VIII nor D-dimer were predictive of 

CVC-related thrombosis at Phase I or  II in this study. There was a statistically significant difference in Factor 

VIII and D-dimer levels between children with femoral CVCs compared to those with jugular CVCs, perhaps 

indicating again that the children with femoral CVCs in this cohort represented a subgroup with higher acuity 

and multiple risk factors for thrombosis.  

 

A study of D-dimer and Factor VIII as a predictor of poor outcomes was conducted by Goldenberg et al. 

(2004)(56). Among 82 children with known VTE, 51% were identified to have a poor thrombotic outcome 

(lack of resolution, recurrence or PTS) and elevated Factor VIII and or D-dimer at diagnosis was predictive of 

poor outcome (OR 6.1, 95%CI 2.1 to 17.7, p=0.008) (56). Goldenberg et al’s (2004) study included a cohort of 

children with CVC-related thrombosis, however outcomes for this sub group were not identified when follow 

up occurred a median of 12 months after diagnosis. Whilst these results are significant, they are difficult to 

relate to the current cohort as the authors do not give any indication of whether the increased of levels of D-

dimer and Factor VIII could predict poor outcomes for the children with CVC-related thrombosis (56).  

 

The KIDCAT study (2008) evaluated the impact of 10 pro-thrombotic conditions in children with CHD 

diagnosed with asymptomatic CVC-related thrombosis, but did not include biomarkers such as D-dimer and 

Factor VIII (176). None of the pro-thrombotic condition were identified to increase the risk of CVC-related 

thrombosis in the KIDCAT population (176). The KIDCAT study is one of many that have explored 

thrombophilia as a predictor of CVC-related thrombosis (87, 93, 94, 102, 176). A meta-analysis of 16 studies 

of thrombophilia in children with CVC-related thrombosis reported that the presence of one or more 

thrombophilia traits was associated with the development of CVC-related thrombosis (169). The association 
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between thrombophilia was stronger when measured in children with symptomatic CVC-related thrombosis 

compared to children with asymptomatic CVC-related thrombosis (177). Elevated  Factor VIII, protein C 

deficiency and Factor V Leiden were identified in the meta-analysis as being significantly associated with the 

development of CVC-related thrombosis, however the prevalence of each of these traits was low among the 

children studied (177). Importantly, the majority of the studies included in the meta-analysis explored CVC-

related thrombosis in cohorts of children with malignancy; only one study was of children with CHD and four 

studies examined cohorts of children with various underlying conditions. Not surprisingly malignancy was 

determined to be associated with the development of CVC-related thrombosis (169). Given the current 

cohort is predominantly children with CHD, the profile of thrombophilia, especially factors that may be 

transiently elevated such as Factor VIII, may be very different to those present in cohorts of children with 

cancer.  

 

Whilst thrombophilia has been extensively explored as a predictor of CVC-related thrombosis, biomarkers 

have not been explored specifically in cohorts of children with asymptomatic CVC-related thrombosis, except 

in the study by Faustino et al (2015) and the current study. Given the differences in the two study populations 

and the discrepancy between the two study’s results, evidently more research needs to be conducted in this 

area. Limited inferences can be made from the current study’s results about all the predictors of CVC-related 

thrombosis as multivariate analysis was not performed; due to the heterogeneity of the sample there were 

too many confounding variables to adjust for in the regression model. More literature is available regarding 

the association between biomarkers and outcomes of CVC-related thrombosis in children, specifically the 

incidence of PTS. The results for this study in terms of the incidence of PTS, comparative literature and 

predictors of PTS in this cohort are discussed in the next section. 

 

4.2.6 Incidence of Post Thrombotic Syndrome 

Post thrombotic syndrome assessments of 126 children, using the Manco-Johnson Instrument (MJI) and the 

Modified Villalta Scale (MVS), identified 13 children with some signs or symptoms of PTS. Eleven (8.7%) 
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children were classified as having mild PTS using both tools, whilst two children (1.6%) were identified to 

have clinically significant PTS as determined only by the MJI. According to both of these PTS tools, the 

presence of one sign or symptom is classified as mild PTS but importantly, using the MJI, ‘clinically significant 

PTS’, is defined as the presence of both a sign and symptom (135, 159, 161).  In contrast, moderate or 

clinically significant PTS is diagnosed using the MVS when the child has a score of between four and eight, 

which means that the child must have at least four signs and/or symptoms (117). Neither of the two children 

identified to have clinically significant PTS by the MJI had any functional impairment with daily activities.  

 

Of the 11 patients with mild PTS in this study, three children did not have an ultrasound performed at Phase 

I and one child had a normal ultrasound at Phase I. Five children (45.5%) were identified to have 

asymptomatic CVC-related thrombosis at Phase I and the two remaining children had wall thickening of at 

least one vessel. One of the children  identified to have clinically significant PTS had asymptomatic CVC-

related thrombosis at Phase I; the other child had a normal screening ultrasound but went on to develop 

symptomatic CVC-related thrombosis and was treated with low molecular weight heparin for three months, 

as per standard practice. 

 

Fortunately, since the publication of a consensus statement from the Perinatal and Pediatric Haemostasis 

Subcommittee of the International Society on Thrombosis and Haemostasis in 2012, recommending studies 

delineate between PTS from CVC-related and non- CVC related VTE, PTS has been more commonly reported 

as an outcome after CVC-related thrombosis in paediatric studies (113). Importantly, some studies of CVC-

related thrombosis in children reporting PTS as an outcome have also reported the incidence of PTS after 

asymptomatic CVC-related thrombosis. Studies exploring PTS after asymptomatic CVC-related thrombosis 

have been conducted mostly in cohorts of children with cancer. Two studies have evaluated the incidence of 

PTS in children with CHD post cardiac catheterisation, one recent study followed a cohort of critically ill 

children with asymptomatic CVC-related thrombosis and two retrospective studies have reported the 

incidence of PTS following VTE in the upper and lower extremities (127, 161, 166, 170, 171).  
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To compare the rate of PTS from asymptomatic CVC-related thrombosis identified in this study, it is helpful 

to understand the rate of PTS following all VTE in children. Goldenberg et al. (2010) published a systematic 

review of PTS following VTE in children and declared that the incidence of PTS reported in 19 different studies, 

assessing 997 children, was 26% (95% CI 23-28%) (112). Prospective studies were observed to report a 

significantly lower incidence of PTS as compared to non-prospective studies (17% vs 43%, p<0.0001). Since 

the publication of the systematic review, 11 further studies have been published reporting the incidence of 

PTS in children with VTE. The incidence of PTS reported across these 11 studies published since 2010 varies 

from 1.6% in a cohort of 60 infants followed for one year (32) to 75% in a cohort of 90 children with 

unselected VTE followed up for 6.5 years (178).  

 

A retrospective study conducted in Canada reported the incidence of PTS in 158 children with upper 

extremity VTE (170). In this study, CVC-related thrombosis was reported and accounted for 100% of VTE for 

the neonatal group (n=25) and 92% for the non-neonatal group; 12% of neonates and 50% of non-neonates 

were symptomatic. The highest incidence of PTS in the Avila study was reported among children with primary 

upper extremity VTE (idiopathic) (170). Only 4 neonates with CVC-related thrombosis developed mild PTS, as 

classified by the MVS, whilst nearly half of the non-neonatal group developed mild PTS. Two children in the 

non-neonatal group developed moderate PTS. The median age of the non-neonatal group, the majority of 

whom had CVC-related thrombosis, was 3.7 years, so higher than the current study. Given that the majority 

of children in the current study had an upper venous CVC, the results from this Canadian study are pertinent, 

especially as the majority of the Canadian cohort with CVC-related thrombosis were asymptomatic. However, 

unlike the current study, nearly all children with CVC-related thrombosis were treated with anticoagulation 

therapy. Given the increased incidence of PTS compared to the current study, it appears that anticoagulant 

therapy is not protective against PTS in children with CVC-related thrombosis, suggesting that other risk 

factors must contribute to a child’s individual risk of PTS.  

 

The most recent study of PTS in children with VTE, again delineated between neonates and non-neonates 

with lower extremity CVC-related thrombosis and non CVC-related thrombosis (171). This is a paired study 
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to Avila et al’s 2014 study of PTS in children with upper limb VTE (170, 171). The 2016 retrospective study 

assessed PTS  in a cohort of 339 children using the MVS at a median time of two years for the non CVC-related 

group, 4.3 years for the neonates with CVC-related thrombosis and 3.5 years for the non-neonatal CVC-

related thrombosis group (171). The highest incidence of PTS was reported in the 56 children with non CVC-

related VTE (57.1%), with three children having moderate PTS. Contrary to the current study in which only 

8.7% of children had any PTS, the incidence of mild PTS was still high in the neonatal and non-neonatal CVC-

related thrombosis groups (39% and 44.7%, respectively). However the incidence of clinically significant/ 

moderate PTS was similar to the current study; with only one neonate and three children in the non-neonatal 

CVC-related thrombosis group having moderate PTS (171).  

 

Unlike the Avila 2014 study of children with upper extremity VTE, the majority of children in the 2016 study 

with lower extremity VTE in the neonatal and non-neonatal CVC-related groups had symptomatic thrombosis 

(83% and 79%, respectively) and received therapeutic anticoagulation treatment for a median time of 3 

months. The median age of the non-neonatal CVC-related thrombosis group was 6 months and 63% of 

neonates and 36% of non-neonates had CHD.  Despite Avila et al’s (2016) study cohort having similar 

demographics to the current study in regards to age and underlying diagnosis; the sample was of only 

children with lower extremity VTE, the majority of whom had symptomatic CVC-related thrombosis and the 

data was collected over a 14 year period (171). Hence the risk of mild PTS in the Avila study is distinctly 

different from the current cohort in which the majority of children had upper venous CVCs. Interestingly, the 

risk of moderate PTS as classified by the MVS seems to be similar between the Avila’s 2016 study of lower 

extremity VTE and the current study; children with femoral CVC-related thrombosis had an incidence of 

moderate PTS of 1.4% in the Canadian cohort and the incidence of clinically significant moderate PTS in this 

cohort was 1.6% (n=2), occurring only in children with femoral CVCs. This reinforces the notion that children 

with femoral CVCs are potentially at a higher risk of thrombosis associated morbidity, specifically moderate 

or clinically significant PTS following CVC-related thrombosis.  
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The study by Sol et al. (2015) differs from the current study in that they only recruited children with femoral 

CVCs; screened for asymptomatic CVC-related thrombosis after CVC removal and only used the MVS to assess 

for PTS. Similarities between the current study and the study by Sol et al (2015) include the median age of 

the cohorts (1 year and 1.8 years, respectively), follow up period and timing of assessment of PTS (mean of 

26 months and median of 2.1 years, respectively) and the conduct of both PTS assessment and diagnostic 

imaging at follow up. Despite the similarities between the cohorts the incidence of asymptomatic CVC-related 

thrombosis was much lower in the Dutch study (7.1%), compared to the current study’s incidence of 21.2% 

at Phase I. Seventy-two percent of eligible patients were assessed for PTS in this cohort.  In the Dutch study, 

33 of 52 children (63.5%) screened for asymptomatic CVC-thrombosis were assessed for PTS but only one 

child diagnosed with asymptomatic CVC-related thrombosis during their PICU admission was assessed; this 

child did not have any signs or symptoms of PTS and demonstrated thrombus resolution on the follow up 

ultrasound. Six children were identified to have mild PTS (one sign); four of these children had no evidence 

of venous thrombosis on either the screening or follow up ultrasound. Akin to this study results, five children 

demonstrated partial or complete occlusion of the vessel in which the CVC was placed despite no evidence 

of CVC-related thrombosis at screening (166).      

 

Van Ommen et al. followed a cohort of 28 children in the Netherlands for five to 10 years after first cardiac 

catheterisation (CC) (127). PTS was assessed using clinical criteria defined a priori but a standardised tool was 

not employed. Fourteen children were identified to have mild PTS, evident by at least one sign or symptom. 

In comparison, a recent study of 62 children with CHD undergoing CC assessed PTS using the MJI and 

conducted bilateral leg ultrasonography at follow up (161). PTS assessment and ultrasonography occurred a 

median of 5.4 years after first CC. In this study by Luceri et al. (2015), PTS assessors were blinded to which 

femoral vein had been catheterised. The prevalence of PTS in the Luceri study was 64.5% (n=40); the majority 

of children had mild PTS, whilst seven children (11.3%) were diagnosed to have “physically and functionally” 

(clinically significant) PTS (161). The incidence of clinically significant PTS in the Luceri cohort is much higher 

than reported in the current study but is possibly reflective of the difference in the catheterisation between 

the cohorts; CC involves the insertion of a much larger catheter as measured by the ratio of diameter of 
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catheter to diameter of vessel compared to our cohort in PICU with short-term un-tunnelled CVCs. All CC 

access the femoral veins, whilst the majority of the current cohort had a CVC in the upper venous system; 

presenting different risk factors both for asymptomatic thrombosis and PTS. 

 

A recommendation from the Perinatal and Pediatric Haemostasis Subcommittee of the ISTH in 2012 is that 

loss of venous access should be included in the functional assessment of PTS in children with an upper 

extremity VTE (113). This involves determining if a vessel is completely occluded and thus unable to be used 

for future central venous access (CVC or CC). Occlusion may be determined via radiological imaging or by 

surgical report after CC (113). This study was unable to systematically assess which participants had future 

attempts at central venous access of the same vessel and it was beyond the scope of the study to determine 

if any children experienced loss of venous access. Loss of venous access is not included in any of the currently 

available PTS tools for children and therefore did not constitute part of the PTS assessment conducted. 

Furthermore, given that the majority of this cohort required a short-term jugular CVC for elective and fully 

corrective cardiac surgery, it is highly likely that the majority of these children will not ever need central 

venous access again. Thus determining loss of venous access as an element of functional PTS in the upper 

extremity as defined by the ISTH is not an option, nor relevant to most of this population. The ISTH 

acknowledges that future loss of venous access does not apply to all children following upper extremity CVC-

related VTE and that loss of venous access as an indicator of functional PTS mostly applies to children 

requiring long-term venous access and multiple CVC insertions (113). What this study was able to do was 

provide radiological imaging for 120 children two years after CVC insertion. On this follow up imaging, only 

16 children had evidence of thrombus and all thrombi were non-occlusive or represented incomplete 

recanalization of the vessel. As discussed, this data provides insight into the changes to children’s blood 

vessels over time and indicates that most asymptomatic CVC-related thrombosis are transient and do not 

cause complete vessel occlusion, that  could preclude future central venous access or cause clinically 

significant PTS.  A small number of children from this study will need future CC to monitor their cyanotic CHD. 

Some of these children had asymptomatic CVC-related thrombosis in the femoral vein and hence determining 

if loss of venous access for CC is a concern is important and something to consider as for future research. 
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Together with previous evidence, the results of the current study highlight that the risk of clinically significant 

PTS is different for upper and lower extremity CVC-related VTE and thus PTS assessment tools may need to 

be adapted to suit the site of the VTE. Whether loss of venous access should be part of the assessment will 

need to be evaluated through future research. PTS tool requirements are discussed in more detail in the next 

section. 

 

The finding that six of 32 (18.75%) children with asymptomatic CVC-related thrombosis developed PTS in this 

study can be compared to a sub-analysis of the PARKAA study which assessed PTS in a cohort of 13 children 

with asymptomatic CVC-related thrombosis (117). Seven out of 13 children (54%) demonstrated signs of PTS 

when assessed using the MVS at a mean time of 7.3 years after CVC placement. Like the current study in 

which one of the six children had clinically significant PTS, only one child was diagnosed with moderate PTS 

(score of 4 on the MVS)(117). The study by Kuhle et al (2008) compared this incidence of PTS to a non-selected 

group of cancer survivors who had not been screened for asymptomatic CVC-related thrombosis; the 

incidence of PTS in this cohort was 24% (n=10). Similar to the PARKAA group, one child was diagnosed to 

have moderate PTS. The mean age of the seven children with PTS in the PARKAA study at time of CVC 

insertion was 5.7 years was comparable to the median age of 5 years in the 13 children with PTS in the current 

study, however the primary diagnosis of children was distinctly different between the studies, being CHD and 

cancer.  

 

A more recent study of PTS after CVC removal in a cohort of Israeli children with cancer provides crucial 

information regarding the diagnosis of PTS using both the MVS and MJI (179). Polen at al (2015) prospectively 

assessed 158 children with cancer for PTS but retrospectively collected data about CVC-related thrombosis 

(179). The median age of the cohort at the time of CVC insertion was 5.5 years, significantly higher than the 

median age for the current cohort.  Whether all instances of CVC-related thrombosis for this cohort were 

symptomatic or not is unclear and no follow up imaging was performed at the time of the PTS assessments. 

In contrast to the current study, the incidence of PTS was high, using both tools. The MVS identified PTS in 

52 children (34%); 50 children with mild PTS and two children with moderate PTS. The MJI instrument 
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diagnosed 46 children with PTS; four of whom were diagnosed with physically and functionally significant 

PTS. Unlike the current study and previous work assessing PTS, the MVS identified a higher incidence of PTS 

in the Polen’s study compared to the MJI (179). However, as demonstrated in the current study, the MJI 

classified more patients as having clinically significant PTS as compared to the MVS in the Polen study. 

Moderate PTS as defined by the MVS was not present in any children in the current cohort; in the Israeli 

study by Polen at al. (2015), moderate PTS was present in only two children as compared to the four children 

identified by the MJI as having clinically significant PTS. This highlights the differences in the classifications of 

signs and symptoms using the two PTS tools. This issue will be discussed in more detail in the next section to 

determine if one tool can be recommended over the other when assessing children with asymptomatic CVC-

related thrombosis based on previous evidence and the results of this study.  

 

4.2.7 Post Thrombotic Syndrome Assessment – Signs and Symptoms  

Both the Manco-Johnson instrument (MJI) and the Modified Villalta Scale (MVS) diagnosed the same 13 cases 

of PTS, but the MVS classified all children as having mild PTS whilst the MJI classified two children as having 

clinically significant PTS. The Israeli study by Polen et al (2015) similarly reported differences in the rates of 

diagnosis of PTS by the MVS compared to the MJI, with the MJI identifying less cases of all PTS but more 

patients with clinically significant PTS (179). The differences in how the tools score PTS can be attributed to 

the value placed on subjective symptoms as opposed to the measure of objective signs. On the MJI tool, pain 

is scored on a scale of one to five and then limitations associated with pain are also scored. Comparatively, 

the MVS only has one item about pain and thus pain is only reported as present or absent. There are positives 

and negatives to both of these approaches to pain assessment in PTS and clinicians would argue that the 

assessment of pain is crucial to understanding the impact on PTS on a child’s day to day life (113, 121, 180).  

 

An issue with assessing pain associated with PTS in children is that most often clinicians are asking children 

to recall pain at different times and during different activities in the past; the assessment is rarely asking a 

child to rate their pain at that time. This recall of pain becomes even more complex when asking younger, 
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preschool children about their experiences of pain (181-183). This issue was highlighted by the Perinatal and 

Pediatric Haemostasis Subcommittee of the International Society on Thrombosis and Haemostasis consensus 

paper on the standardisation of PTS definitions and outcome assessment (113). The consensus statement 

recommends the use of a “scripted questionnaire to standardize the assessment of limitations in age-

appropriate activities” (113)(p.2184). The group also suggests the inclusion of an assessment of quality of life 

to further illuminate the impact of PTS symptoms on a child’s ability to enjoy normal daily activities.  

 

The median age of the cohort when the PTS assessments were performed was four and a half years of age. 

Previous cohorts of children assessed for PTS following CVC-related VTE have ranged in age from neonates 

followed up two years after CVC insertion to children assessed for PTS 10 years after a cardiac catheter, when 

they were then young adults (127, 166). Given the majority of idiopathic VTE occur in adolescents, many 

studies examining PTS after unprovoked VTE have focussed on older cohorts (48, 54, 56, 59, 107). Three 

studies described in the previous section followed neonates with CVC-related thrombosis at median times of 

between two and four years, however, none of these studies discussed issues related to the assessment of 

pain in preschool aged children (166, 170, 171). All three studies used the MVS for the assessment of PTS and 

the assessment of pain only constitutes one item on this tool, thus the influence of pain on scoring of PTS in 

these cohorts was limited.  

 

In the development of the MJI for paediatric use, the tool incorporated the Wong Baker pain rating scale to 

assess symptoms and severity of pain. The Wong Baker pain rating scale is validated for children aged three 

years and above, thus the applicability and reliability of pain assessment related to PTS in children younger 

than three using this tool is questionable. Other authors would suggest that applicability of any faces pain 

scale has limited evidence of reliability and validity in children less than five years of age (184).  

 

To accurately diagnose PTS and assess pain related to PTS in this study, only signs and symptoms ipsilateral 

to the side the CVC was placed were considered in determining PTS. Eight children reported pain, however 

only three children reported pain in the ipsilateral side to where their CVC was placed. Three children 
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reported pain bilaterally, one of whom stated that this was related to swelling of the extremities caused by 

their underlying auto-immune disease, which was responsive to anti-histamines. Two children reported pain 

bilaterally “all the time” or “after vigorous exercise”; both of these children had complex underlying CHD and 

thus exercise intolerance was a likely contributor to pain after exercise. The interpretation of pain as being a 

symptom of PTS and directly attributable to the CVC-related thrombosis was less likely when pain was 

bilateral. Complaints of pain bilaterally suggests an alternate pathology to the CVC-related thrombosis, 

especially when the pain was reported to be equal in both limbs.  In two children pain was the only sign or 

symptom of PTS recorded; one child stated that the pain interfered with daily activities. In one child reporting 

pain as their only symptom of PTS, the child’s mother declared during the PTS assessment that the child’s 

had never complained of pain to her in the past. However, these children were still included as having PTS as 

assessed by the MJI and the MVS as pain was present in the limb affected by the CVC.  Thus the PTS tools 

have limitations of pain assessments in preschool aged children; children are asked to recall if they have pain 

at different times which may not be developmentally appropriate. Furthermore, whilst pain severity is 

measured, in using the tools, there is no discrimination between the cause of pain, and it is questionable as 

to whether pain, not necessarily related to thrombosis, is enough to determine a diagnosis of mild PTS. This 

suggests that the incidence of mild PTS in younger pre-school children is very easily to overcall. Thus 

modifications to how pain associated with PTS following any VTE is assessed in pre-school children need to 

urgently occur.  

 

In reports of PTS in children, pain is commonly reported, especially pain during activities of daily living and 

exercise (49, 53, 54, 107, 114, 115, 117). Differences in limb circumference, swelling, presence of collateral 

vessels and limb discolouration were the most prevalent clinical signs of PTS (53, 54, 57). What is unclear is 

the clinical significance of signs such as collateral vessels and swelling as there is little data recording how 

such signs then impact on children’s ability to participate in activities of daily living, especially when the child 

does not report pain. Hence, contemporary discussion and recent publications of the incidence of PTS in 

children focus on the presence of clinically significant PTS; that being PTS signs and/or symptoms that impact 

on a child’s ability to participate in routine activities and age-appropriate exercise (135, 159, 185).  



221 

 

Using the MVS, pain or abnormal use was identified by five children, however when asked about pain as per 

the MJI, seven children identified pain symptoms. Key to these pain assessments, especially in younger 

children, is understanding of the context of the pain the child describes (i.e. after exercise, related to their 

underlying chronic health condition) and the parent or proxy understanding and knowledge of pain reported 

by the child. Given the majority of CVC-related thrombosis occur in children with complex underlying 

conditions, distinguishing pain symptoms related to their conditions versus pain related to PTS can be 

difficult.  

 

The limitations of pain assessments related to PTS was further explored by a recent study was conducted to 

compare the two paediatric PTS tools (186).  In a cohort of 70 children with CHD (half of whom had previous 

thrombosis) and 31 siblings with no past medical history, PTS assessors were blinded to children’s past 

medical history (186). The mean age of the cohort was six years. Of the children with CHD, 21 had clinical 

evidence of PTS. All cases of PTS were mild and the MJI identified 29 cases of PTS amongst the whole cohort 

whilst the MVS identified 32 cases. Importantly, agreement between the scores was lowest for the 

assessment of pain scores and both scores demonstrated “limited usefulness in discriminating patients with 

a previous clinical diagnosis of PTS (p 765) (186). Brandao et al (2011) also highlight that, in concordance with 

the current study, pain assessments in young children using the MJI are particularly problematic as it relies 

on recall of pain and asks about pain experiences at multiple time points, which may not be achievable for 

young children.   

 

The complexities of assessing PTS in children was also discussed in another recent study of adolescents with 

VTE, who were assessed for PTS using the MJI, the MVS and the original Villalta Scale (159). Among a cohort 

of 44 children with VTE, the majority of whom were aged 12 years or older, the MVS and the MJI identified 

the same number of children with PTS (n=29, 66%). Interestingly, the Villalta Scale, which is used to assess 

PTS in adults, only identified five children (11%) with PTS. As with the current study, the MJI identified a 

higher number of children with clinically significant PTS (n=12) compared to the number of children the MVS 
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identified to have moderate or severe PTS (n=6). Only one child was identified to have moderate PTS 

according to the Villalta Scale. The signs and symptoms present for the cohort are not discussed, making it 

difficult to interpret the distribution of objective signs versus subjective symptoms. The authors do point out 

that the discrepancy between the paediatric assessments of PTS and that by the adult tool, the Villalta Scale, 

is due to the paediatric tools definition of mild PTS, being the presence of one sign or one symptom. The 

Villalta Scale requires a score of five to diagnose mild PTS, indicating the presence of five signs or symptoms 

(159). Raffini et al (2015) suggest that the paediatric tools may be too sensitive in detecting mild PTS and that 

given children may not present with PTS for some time after their VTE, multiple classifications of PTS are 

required to plot the trajectory of subtle changes in clinical signs and symptoms(159).  This is supported by 

other authors who suggest that long-term follow up is the key to understanding the development of PTS in 

children, especially those diagnosed with CVC-related thrombosis. Given the young age of the current cohort 

and the limitations of the PTS assessments described, longer term follow up seems appropriate but may also 

be an unnecessary burden for children and their families.  

 

A Canadian group developed and piloted a new paediatric PTS survey instrument with the aim of improving 

the diagnosis of PTS severity in epidemiological studies (133). The new survey tool was an adaptation of the 

MVS and was deemed appropriate for use by parent-proxies of children aged less than 18 years and as a self-

report survey for young adults aged greater than 18 years. The mean age of the 21 children recruited to 

validate the survey tool was 11.3 years (133). Whilst initial validation of the tool demonstrated excellent 

agreement between parent proxy or self-reported PTS scores and clinician assigned scores, this new survey 

tool still does not provide an appropriate PTS assessment tool specifically for pre-school aged children. Only 

one child in the validation study was diagnosed with moderate PTS, highlighting that further validation of this 

tool in larger cohorts of children is also warranted.  

 

 Previous studies have reported PTS in children on the contralateral side to where the child had a VTE (56, 

119). Whilst it is important to accurately present the natural history of PTS in cohorts of children with known 

VTE, reporting cases of PTS related to signs and symptoms on the side unaffected by thrombosis or not known 
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to ever have a CVC placed, clouds the interpretation and reporting of the true incidence of PTS in children. 

This study erred on the side of caution by reporting cases of PTS that could be attributed to the CVC, 

regardless of whether CVC-related thrombosis was present. Importantly we excluded children who’s had a 

CVC in the same vessel within the last three years to eliminate prior catheterisation contributing to an 

increased risk of PTS. The fact that PTS can easily be overcalled in paediatric studies, due to the limitations 

of the current tools, has been emphasised in the recent literature (113, 159, 185, 186). Thus, there is an 

imperative for studies to distinguish between cases of mild and clinically significant/ moderate PTS.  Based 

on the findings of this study, it would seem that the MJI overcalls the incidence of mild PTS in younger 

children and thus may be more appropriate for use only in older children. As the MVS is less dependent on 

the subjective issue of pain, it may be more suitable for use in younger children until an alternative tool can 

be developed.  

 

4.2.8 Predictors of Clinically Significant Post Thrombotic Syndrome  

In an effort to understand children at risk of PTS following VTE, many clinical and laboratory predictors of PTS 

have been estimated. To date, all factors assessed in the literature have been used to predict the risk of all 

cases of PTS, regardless of severity. This study only examined predictors of clinically significant PTS because 

as has been highlighted, there is no clear understanding of the impact of mild PTS on a child’s quality of life, 

physical and functional impairment on a day to day basis. Many authors suggest that mild PTS is clinically 

insignificant (159, 171).  

 

Given the low incidence of clinically significant PTS in this cohort (n=2), odds ratios for predictive factors of 

clinically significant PTS could not be determined. However, in concordance with the factors predictive of 

CVC-related thrombosis, only CVC placement and the unit where the CVC was inserted (PICU or the operating 

theatre) were significantly associated (p<0.05) with the development of clinically significant PTS on bivariate 

analysis in this cohort. Asymptomatic CVC-related thrombosis at Phase I or Phase II were not associated with 

the development of clinically significant PTS in this cohort.  
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Evidence from adult studies suggests that poor resolution of signs and symptoms associated with VTE one 

month following the index event, together with a high body mass index (BMI) and older age are predictive of 

PTS development (118, 187). Presently, there is much variation across the literature in the risk factors 

investigated in paediatric studies of children with PTS. Thirteen studies identified in the literature report 

univariate or multivariate analysis of risk factors predictive of PTS; seven studies explored associations 

between CVC characteristics and the incidence of PTS (102, 107, 119, 161, 170, 171, 179). Each of the thirteen 

studies reported at least one risk factor that was significantly associated with the development of PTS (p 

value <0.05), however, the majority of risk factors investigated were not predictive of PTS. Given the 

heterogeneity of cohorts of children with VTE, the relatively small sample sizes of the studies presented and 

the even smaller numbers of children with PTS, these results are not surprising.  

 

A study of 51 children who required CVC’s for their cancer treatment demonstrated a threefold increased 

risk of PTS if the child had a previous CVC occlusion (OR 3.7, 95% CI 1.1-12.5, no p value presented) (119). 

Interestingly, a study that compared the incidence of PTS between children with unprovoked VTE and those 

with secondary (CVC-related thrombosis) found that children with unprovoked VTE were 37.7 times more 

likely to develop PTS when examined using multivariate analysis (95% CI 10.7 to 133.6, p<0.001) (170). This 

study also reported in univariate analysis that age, symptoms at VTE presentation and subclavian vein 

involvement were significant predictors of PTS (170).  

 

Among 19 children with transient PTS, initial thrombus extension (OR 3.9, CI 1.13 to 13.45), increasing age 

(OR 1.2, CI 1.07 to 1.32) and BMI (OR 1.2, CI 1.1 to 1.4) were all found to increase the risk of PTS (46). A cross-

sectional study of 96 children with PTS identified that no resolution or extension of VTE and the number of 

vessels involved resulted in at least a two fold increase risk of PTS (95% CI 1.68– 9.30 and  1.52– 2.77, 

respectively) (54). In contrast to results from these two studies, a retrospective cohort study conducted in 

the US determined that occlusive thrombus, multiple vessel involvement, age, sex and BMI were not 

associated with the development of PTS; however this study did not provide odds ratio’s and confidence 
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intervals for the risk factors explored (59). All studies employed univariate analysis to evaluate these risk 

factors in cohorts of more than 50 children (46, 54, 59). Due to the relatively small sample sizes, multivariate 

analysis would not have been possible and thus there are limited inferences that can be made from the 

results.  

 

Elevated Factor VIII levels and/or D-dimer concentration at the time of VTE diagnosis have also been 

suggested to increase the risk of PTS in children, but this association has only been demonstrated in one 

study (112). Importantly this study only determined that increased factor VIII and/or D-dimers at the time of 

VTE diagnosis and three months later, were predictive of either residual thrombus, lack or resolution or PTS. 

The study did not report a direct association between Factor VIII and D-dimer elevation and the development 

of PTS. Therefore it is yet to be determined if their laboratory parameters are specifically predictive of PTS in 

children, when measured at the time of VTE diagnosis or three months later.  

 

Similar to the current study in which D-dimer and Factor VIII were not associated with the development of 

clinically significant PTS, four other studies conducted in cohorts of 22, 35, 55 and 103 children respectively 

with unselected VTE, could not establish an association between elevated Factor VIII and/or positive D-dimer 

at the time of VTE diagnosis with the development of PTS (46, 59, 107, 135). Despite being predictive of VTE 

in a German case-control study, elevated Factor VIII levels were not correlated with the development of PTS 

(46). However, a recent study of 35 children with confirmed VTE reported a significant association between 

the presence of a positive lupus anticoagulant (as measured by a dilute Russell viper venom test [dRVVT]) 

within two weeks of limb VTE diagnosis and the development of clinically significant PTS (OR 16.8, 95%CI 

1.60-176.2) (135). Presently, only three studies have investigated the role of congenital thrombophilia, in 

addition to acquired thrombophilia, in determining the risk of PTS in children, with none able to determine 

an association (46, 54, 135).  

 

Based on the descriptive analysis of this cohort, consideration of other factors that contribute to PTS can be 

postulated. Given a high percentage of children had asymptomatic CVC-related thrombosis at Phase I but 
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only two children developed clinically significant PTS, it may be that asymptomatic non-occlusive CVC-related 

thrombosis doesn’t cause substantial vessel damage and thus  an inflammatory response is not triggered. 

Also given the young age of the majority of the cohort, it has been suggested that neonates and younger 

children have a different inflammatory response to endothelial damage as compared to older children and 

thus the likelihood of the inflammatory response contributing to the development of PTS is low (170). Other 

risk factors, such as a traumatic CVC insertion, prolonged CVC duration, an extended period of hypotension 

and a CVC placed into the femoral vein are proposed as additional triggers for PTS based on the trends 

reported in this cohort. The presence of PTS signs and symptoms in children who were never diagnosed with 

CVC-related thrombosis in this cohort but had some evidence of vessel wall damage also suggests that PTS 

may be related to the degree of vascular damage by the CVC and not necessarily a result of thrombosis alone. 

Longer-term follow to assess children for PTS together with systematic data collection of such factors need 

to occur to explore this possibility and truly understand the significance of asymptomatic- CVC related 

thrombosis in critically ill children.  

 

4.2.9 Mortality  

In the interval period between phase I and phase II of the study, 14 (7.4%) children died, four of whom were 

identified to have asymptomatic CVC-related thrombosis. None of the children died of thromboembolic 

complications associated with CVC-related thrombosis. One child died from intra-cardiac thrombus due to 

complex underlying CHD. The child’s death occurred 16 months after the study CVC was removed and the 

child have no evidence of CVC-related thrombosis on the screening ultrasound. Ten children died during their 

current admission after the family made a decision with the treating team to palliate the child. Given that all 

children in this cohort were inpatients in PICU and many with complex underlying disease, this rate of 

mortality across a three year period is not alarming or dissimilar to previous studies of PICU cohorts.  

 

Recent studies of CVC-related thrombosis in PICU have reported rates of non-VTE related mortality of three 

per 100 patients, 2.9% in a cohort of 101 children and 22.2% in a cohort of 333 infants (32, 98, 103). None of 
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the three studies performed standardised follow up and thus mortality was only identified during the study 

period (hospital admission). However, the study by Gray et al. (2012) did identify the rate of survival to one 

year of age and hence has a higher incidence of mortality (22.2%) (32). Another prospective study of 134 

children in PICU with femoral CVC’s followed the cohort for a median of two years (166). Only children 

diagnosed with symptomatic or asymptomatic CVC-related thrombosis were followed up for this period (n= 

52), however the authors report a mortality of 22.4% (n=30) in the whole cohort. No children died of 

thromboembolic complications or as a complication of anticoagulation therapy and all deaths occurred 

during or shortly after PICU admission (166).  

  

Data from the Canadian registry of children with VTE demonstrated that children with CVC-related mortality 

had an overall mortality of 23% across a median period of two years (40). The majority of children died of 

their underlying disease however 3.7% (n=9) of the cohort died as a direct result of their CVC-related 

thrombosis which had caused massive pulmonary embolism (n=7) or obstructive intra-cardiac thrombosis 

(n=2). The registry was a study of symptomatic thrombosis and there is no doubt that there is an ongoing risk 

of mortality from symptomatic thrombosis, and possibly that symptomatic thrombosis occur in children who 

have multiple risk factors for morbidity and mortality. The findings from the current study, specifically the 

absent rate of CVC-related thrombosis associated-morbidity also raise the question as to whether the risk of 

mortality, from asymptomatic CVC-related thrombosis in children is fundamentally different to the risk for 

children with symptomatic CVC-related thrombosis. As discussed, the minimal thrombotic burden of 

asymptomatic CVC-related thrombosis in the upper venous system, seems distinctly different to the weighty 

thrombotic burden of symptomatic CVC-related thrombosis in the lower venous system. Differences in 

thrombotic burden and the associated risk of morbidity and mortality between locations of CVC-related 

thrombosis and symptomatology suggests that not all thrombotic events require the same treatment 

principles.   
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4.3 Summary of Limitations  

Throughout the study, a number of limitations were encountered. The limitations of the study and the 

strategies used to overcome these limitations are discussed below. The limitations related to: 

- Recruitment, data collection and retention 

- Post thrombotic syndrome assessments  

- Statistical analysis  

 

4.3.1 Recruitment and Data Collection 

Of the 205 children who were consented for this study, 16 (7.8%) were then ineligible after consent. Whilst 

this limited the sample size for the study, it could not be avoided. Children became ineligible after consent if 

a CVC was not inserted, if the CVC did not remain in place for greater than or equal to 24 hours, if the CVC 

was placed into the same vessel as a previous CVC (within the last three years) or if consent did not meet 

legal requirements. The placement of a CVC, the site of the CVC and whether the CVC stayed in place for 

more than 24 hours could not be predicted for the children who were consented prior to their elective cardiac 

surgery. Obtaining consent from parents of children scheduled for elective cardiac surgery was a recruitment 

strategy devised to maximise the sample size. Given that it is standard practice for all children having cardiac 

surgy at RCH to have a CVC placed, it could not be anticipated that a small number of children having elective 

cardiac surgery would not in fact have a CVC placed. Similarly, for children who were consented for the study 

prior to their elective cardiac surgery, it could not be predicted which vessel the CVC was going to be placed 

in and thus if the child had had a prior CVC there was always a small chance the same vessel would be 

catheterised. Rather than exclude children who had had any prior CVC, these children were consented and 

then only remained in the study if the CVC was placed into a vessel not previously catheterised, therefore 

eliminating the increased risk of CVC-related thrombosis due to a previous CVC.  

 

The decision to remove a CVC prior to the 24 hour mark was a clinical decision made by the treating team in 

the best interests of the child. This was a clinical study that did not dictate any guidelines for the management 
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of CVCs for the patients recruited as the aim was to capture the natural history of CVC-related thrombosis in 

this cohort. Whilst a small number of children were ineligible as their CVC was removed prior to the 24 hour 

time point, it was crucial to the study methodology that children had their CVCs in place for more than 24 

hours so that the minimum time a CVC was insitu was equitable across the study population.  

 

During data collection at Phase I, 23% (n=43) of eligible patients did not have an ultrasound performed. 

Reasons ultrasounds were not performed included dressing obstructed view of vessels (n=4), ultrasound not 

completed prior to hospital discharge (n=37) and parents refused (n=2). Ultrasound imaging was initially 

scheduled to be performed within 72 hours of CVC insertion. Three senior sonographer were identified as 

the appropriate clinicians to complete the ultrasounds but the sonographers had to schedule the study 

ultrasounds around their existing clinical workload. The timeframe of 72 post CVC insertion was extended 

when it became apparent that is was unrealistic for the sonographers to conduct the ultrasounds within this 

period. The time frame was extended to five days to seven days post CVC insertion and then revised to be 

any time prior to the child’s discharge from hospital to facilitate optimal data collection.  Unfortunately, as 

this was a clinical study, the time taken to formalise and discuss the modifications to the study protocol and 

gain ethics approval to extend the time frame for the ultrasounds, a proportion of patients did not have their 

ultrasound performed prior to hospital discharge.   In order for this study to have minimal burden on children 

participating, children were not delayed in their discharge in order for the study ultrasound to be performed.  

 

Despite concerted efforts to contact children and families who consented for the study, 27% (n=47) of eligible 

patients did not receive per protocol follow up at Phase II. To maximise the number of children followed up 

at phase II, data collection for this element of the study was conducted over a year and modifications to the 

study protocol were made. The modifications to the study protocol included giving families the option of 

completing the PTS assessment of their child themselves and having the follow up ultrasound performed at 

a local radiology service. Only one family accepted the offer to complete the PTS assessment themselves and 

no families opted for a local ultrasound. As per the study protocol, families were contacted by mail twice and 

by telephone. If there was no response to the mailed invitations and contact via telephone was unsuccessful 



230 

on three attempts, efforts to follow up the child were suspended. To maximise data collection at phase II, 

appointments for the ultrasound and PTS assessment were offered to families on the same day that children 

were attending the hospital for other routine outpatient follow up. Saturdays were also offered to families 

as an option for them to attend the hospital if this was more convenient. Data was obtained from the medical 

histories of the 47 children that did not attend for phase II follow up to determine if they had received routine 

clinical follow up and to identify any clinical notes suggestive of ongoing thrombosis associated morbidity. 

This ensured that all children in the cohort had some element of follow up.  

 

The sample size of this study was calculated based on a rate of loss to follow up of 20%. The study’s rate of 

loss to follow up was 27% which is higher than expected and whilst this limited the inferences that could be 

made from the study findings, the study was still able to produce novel data about long-term outcomes 

associated with asymptomatic CVC-related thrombosis, in particular the incidence of residual, recurrent or 

new thrombosis and PTS. Data from a cohort of children who had not received any therapeutic 

anticoagulation to treat the asymptomatic CVC-related thrombosis has not been available prior to this study.  

 

A strength of this study is that it captured the natural history of CVC-related thrombosis in a cohort of PICU 

patients. Children were not excluded if they were receiving therapeutic anticoagulation for other reasons as 

the study wished to capture the outcomes for children with CVC-related thrombosis regardless of their pro-

thrombotic or antithrombotic risk factors. Hence a small sub-group of children received therapeutic 

anticoagulation during the study; the impact of this could not be explored as data about the amount of 

anticoagulation received was only captured at one time point. Trajectory of anticoagulation doses, 

monitoring assays and other laboratory parameters and the impact of these factors on the risk of CVC-related 

thrombosis or PTS could not be analysed as data was only collected at one time point. This is a limitation of 

the study but was conscious decision during development of the protocol to ensure data collection was 

feasible within the time frame allocated for a PhD thesis and with the personnel available.   
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As RCH is a tertiary hospital and the cardiac referral centre for four states in Australia, the majority of children 

cared for in PICU have had cardiac surgery. Hence, the majority of participants in this study were admitted 

to PICU post cardiac surgery (69%) and over half of the cohort were admitted following elective cardiac 

surgery for acyanotic CHD. The characteristics of the sample limit the comparisons that can be made to other 

studies of CVC-related thrombosis in populations of children in PICU. As the majority of CVCs inserted in this 

cohort were inserted in the controlled environment of the operating theatre, as opposed to CVCs urgently 

inserted in PICU in an acutely unwell child, the results from this study need to be interpreted cautiously. 

However, the PIM2 data still suggests high acuity among the sample despite overrepresentation of children 

post elective cardiac surgery.  

 

As many children in the study were in PICU post cardiac surgery, dressings covering their sternotomy wounds 

often limited the sonographers’ ability to visualise the brachiocephalic and subclavian veins in children with 

jugular CVCs. The presence of dressings and the limitations of ultrasound in children with upper venous CVCs 

also restricted sonographers’ ability to image the tip of the CVC in this cohort. Catheter tip thrombosis was 

not defined or reported as a separate outcome of this study and thus perhaps limits comparisons between 

this and previous studies of CVC-related thrombosis in children. Central Venous Catheter tip thrombosis can 

be a cause of thromboembolism due to the mobile nature of the tip, especially when the CVC is removed 

(67). Undiagnosed catheter tip thrombosis has been described as a precursor to symptomatic CVC-related 

thrombosis in children (67). However, given there were no instances of thromboembolism from CVC-related 

thrombosis in this cohort, it appears that the incidence of CVC tip thrombosis was also probably low.  

 

To minimise participant burden, residual plasma was collected from clinically indicated coagulation tests to 

measure D-dimer and Factor VIII. Due to this, there was a time delay between sample collection, processing 

and freezing of samples by the PI. In accordance with recommended hospital protocols for the testing of 

Factor VIII, this assay was only performed if the sample was frozen within four hours of collection. As only 

the PI was processing the samples, not all samples could be processed within four hours of collection, seven 

days per week. Thus the number of samples suitable for Factor VIII testing was small compared to the number 
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suitable for D-Dimer. Despite following protocol for processing and freezing of samples, it should be 

acknowledged that the time between collection, processing, freezing and testing may have affected the 

results of these assays.  

 

This study also had a small amount of missing data that limited the interpretation of some variables. As much 

of the data collected for this study was obtained from patients medical histories at the time of their hospital 

admission, the investigators were reliant on clinical staff documenting the relevant clinical information. As is 

the nature of clinical documentation, there are often many gaps in documentation and the completeness of 

documentation is variable and reliant on individuals (188, 189). There was also a small amount of missing 

data related to the PTS assessments due to omitted documentation of limb circumference. These omissions 

did not affect the measurement of PTS as an outcome in the cohort as the diagnosis of PTS was not only 

reliant on difference in limb circumference.  

 

4.3.2 Post Thrombotic Syndrome Assessments 

The majority of studies reporting PTS in children to date have had a minimum of two clinicians completing 

the PTS assessments and therefore inter-rater reliability could be calculated and discrepancies in 

assessments be reviewed by a third clinician if necessary. In this study, PTS assessments were performed only 

by one clinician. This was both a strength and a limitation of the study. With only one clinician performing all 

PTS assessments there was consistency in how the assessments were performed, enhancing reliability. 

However, this approach also meant that there was no validation of the assessment. Unusual presentations 

or ambiguous reports of symptoms were discussed with a senior haematologist as required. The clinician 

completing the PTS assessments also undertook all appropriate training as advised by the developers of the 

two PTS tools (using online videos and written material) and regularly performs PTS assessments in clinical 

practice. Hence the clinician had the necessary skills and knowledge to complete these assessments.  
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A further limitation of the PTS assessments completed for this study was the young median age (four and a 

half years old) of the children being assessed as there was some reliance on parents to provide a proxy report 

on the child’s behalf. Neither of the paediatric PTS tools have been validated for use by a parent-proxy and 

the reliability of assessing symptoms of PTS in young children is unknown, thus the reliability of the paediatric 

PTS tools assessment of pre-school aged children in this cohort is limited.  The impact of this limitation on 

the study results was however minimised by only reporting signs and symptoms of PTS ipsilateral to the CVC 

and by reporting both mild and clinically significant PTS. Given the tendency for the PTS tools to overcall the 

incidence of PTS in children, as discussed above, it is a methodological strength of this study that clinically 

significant PTS was defined as a primary endpoint. This study reported the severity of PTS and the signs and 

symptoms displayed by the cohort. This approach aids in the interpretation of PTS, minimising the risk of 

misdiagnosing cases of PTS in children and allows for accurate comparison between studies. 
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4.3.3 Statistical Analysis 

Sample size calculations for this study were based on the incidence of PTS following CVC-related thrombosis, 

which was estimated to be between 6% and 39% using data from previous studies. At the time of 

development of the methodology, data regarding the incidence of clinically significant PTS in children was 

not available and only in the last 12 months has data emerged about the incidence of clinically significant PTS 

following CVC-related thrombosis. Sample size calculation were thus based on the incidence of all PTS. The 

incidence of all PTS in this cohort was 10.3%, below published estimates and the incidence of clinically 

significant PTS was 1.6%. The low incidence of clinically significant PTS, whilst a good outcome for the cohort, 

limits the inferences and statistical analysis that could be performed to predict the risk of clinically significant 

PTS for this cohort.  

 

The heterogeneity of the sample limited the inferences that could be made about the risk of CVC-related 

thrombosis and clinically significant PTS as there were too many confounding variables to adjust for in the 

calculation of multivariate regression. This was a limitation of the study but a known possibility when the 

methodology was developed, however it was determined that capturing the natural history of asymptomatic 

CVC-related thrombosis in children and maximising sample size by having minimal exclusion criteria was 

preferable to the calculation of predictors of thrombosis and PTS using multivariate regression. The 

inferences that can be made based of the bivariate analysis presented in this study are limited but the logistic 

regression and trend data presented here are novel and add considerable to our knowledge of the 

phenomena of asymptomatic CVC-related thrombosis in children. Furthermore, the statistical analysis 

undertaken demonstrates rigour and validity by adhering to statistical conventions.  
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CHAPTER 5 - RECOMMENDATIONS AND CONCLUSION 

 

The findings of this study provide data that support decision making in four areas of important clinical 

practice: 

- Routine screening for asymptomatic CVC-related thrombosis  

- Thromboprophylaxis for children with CVCs 

- Post thrombotic syndrome assessment in children 

Each recommendation for suggested clinical practice change will be discussed below.  Recommendations for 

future research that build on the study findings are also presented and include: 

- Multi-centre Prospective Study of Asymptomatic CVC-related Thrombosis  

- Risk Stratification Tool Development and Subsequent Interventional Study for Asymptomatic CVC-

related Thrombosis 

- Post Thrombotic Syndrome Assessment and Definition 

 

5.1 Recommendations for Clinical Practice 

5.1.1 Routine screening for asymptomatic CVC-related thrombosis  

Recommendation: The very low incidence of thrombosis associated morbidity among children identified to 

have asymptomatic CVC-related thrombosis in this cohort suggests that routine ultrasound screening is not 

warranted and thus there should be no change to the standard of care provided to children with CVCs in 

PICU.  

 

Screening children for asymptomatic CVC-related thrombosis is not standard practice across the majority of 

paediatric hospitals. This study sought to identify if routine ultrasound screening of children with CVCs is 

warranted by determining the short and long-term outcomes for children diagnosed with asymptomatic CVC-

related thrombosis, who did not receive any treatment. The study demonstrated that whilst over one fifth of 

the cohort had evidence of asymptomatic CVC-related thrombosis on ultrasound; only one child with 
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asymptomatic CVC-related thrombosis went on to develop clinically significant PTS (which could be argued 

is of questionable impact for the child). There were no instances of clinical embolic phenomenon despite 

many of the children having right to left shunts. There were no deaths directly attributable to CVC-related 

thrombosis. This finding suggests that routine ultrasound screening for asymptomatic CVC-related 

thrombosis is not indicated in children in PICU as, despite no treatment of the asymptomatic CVC-related 

thrombosis (in all but one child), the incidence of any thrombosis associated morbidity was extremely low 

and conferred no functional impact. Hence, it is recommended that there be no change in the standard of 

care for children with CVCs.  

 

5.1.2 Thromboprophylaxis for children with CVCs  

Recommendation: To cease the administration of low dose UFH thromboprophylaxis to children with CVCs 

in PICU as standard of care as results from this study support previous evidence that thromboprophylaxis 

provides no protection against the development of CVC-related thrombosis.  

  

Over 80% of this cohort received UFH thromboprophylaxis. However, as has been demonstrated in previous 

studies, thromboprophylaxis was not protective against the development of CVC-related thrombosis in this 

cohort. Based on this finding, it is recommended to cease the administration of low dose UFH 

thromboprophylaxis to children with CVCs as standard of care. Unfractionated heparin is listed as one of the 

most commonly used medications in tertiary paediatrics and is also reported to have a high rate of 

administration errors due to the variation in doses required by neonates and children and the many different 

UFH preparations available (191). The high risk of major bleeding and significant morbidity in children should 

an overdose occur, suggests that avoiding the use of this drug is advisable. 

 

Previous literature and the findings of this study suggest that thromboprophylaxis with low dose 

anticoagulation provides no protection against the development of symptomatic or asymptomatic CVC-

related thrombosis for these children with multiple risk factors for thrombosis (3, 67, 90, 95). Whilst it can 
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be argued that children at high risk of CVC-related thrombosis should be targeted in future prospective 

studies of  CVC thromboprophylaxis, this cannot occur when the right doses of UFH or other anticoagulants 

required to deliver safe and effective thromboprophylaxis are unknown (169). Future studies, as will be 

subsequently discussed, should focus on the treatment of children with CVC-related thrombosis identified to 

be at high risk of thrombosis associated mortality, as there is evidence available about the appropriate doses 

of anticoagulants and length of treatment to support safe and effective therapy in such children. These future 

studies are essential to improve our understanding of the impact of treatment of CVC-related thrombosis on 

the incidence of long-term outcomes such as clinically significant PTS.  

 

5.1.3 Post Thrombotic Syndrome Assessments in Children 

Recommendation: This study has demonstrated that the assessment of pain associated with PTS in young 

children is problematic and may result in the overestimation of the incidence of PTS in children. In clinical 

practice it is recommended that the Modified Villalta scale (MVS) be used for the assessment of PTS in 

younger, pre-school children and those with cognitive impairments and the Manco-Johnson instrument (MJI) 

be used for older children and adolescents.  

 

This study identified the issue that accurate assessment of PTS associated pain in pre-school children is 

difficult. The assessment of pain on the MVS comprises one item, whilst the MJI assesses pain severity and 

impact on activities of daily living on five items.  The MJI thus relies heavily on children’s ability to recall pain 

at different times, which was a difficult task for the younger cohort described here. Based on the findings of 

this study, clinicians should consider using the MVS tool for younger children or those with cognitive 

impairments, whilst older children with symptomatic VTE or CVC-related thrombosis should be assessed 

using the MJI.  
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5.2 Recommendations for Future Research 

5.2.1 Multi-centre Prospective Study of Asymptomatic CVC-related Thrombosis 

Recommendation: The conduct of a large multi-centre study to replicate the single-centre study reported 

within this thesis. This would entail acutely unwell children with a CVC (placed in the femoral or jugular 

vessels) being prospectively screened via ultrasonography for the presence of asymptomatic CVC-related 

thrombosis. The clinical team would remain blinded to the outcome of this ultrasound and therefore the 

children with asymptomatic CVC related thrombosis would not receive therapeutic anticoagulation but their 

long term sequelae would be determined. Such a study would build on the knowledge gained from the 

current study by having adequate power to:  

- Confirm the incidence of asymptomatic CVC-related thrombosis in a larger population of children in 

PICU. 

- Identify independent risk factors for CVC-related thrombosis and associated poor long term clinical 

outcomes using multivariate regression. 

 

In this study, bar one exception, all children diagnosed with asymptomatic CVC-related thrombosis on the 

Phase I ultrasound remained unknown to the clinical team and did not receive therapeutic anticoagulation 

to treat the thrombosis. Distinct from other studies, children with asymptomatic CVC-related thrombosis 

remained untreated and were followed for two years after CVC insertion. Follow up data from Phase II of this 

study demonstrated that the incidence of clinically significant PTS associated with asymptomatic CVC-related 

thrombosis was very low (one of 31, 3.2%), and in fact not statistically different from the rest of the cohort 

with CVC who did not have asymptomatic thrombosis (0.9%). This finding suggests that treatment of 

asymptomatic CVC-related thrombosis is not warranted, given that the risk of clinically significant PTS is so 

low.  As previously stated there were no other acute clinical consequences from the asymptomatic 

thrombosis including embolic phenomenon or thrombosis related deaths.  
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The decision to un-blind a child with near-occlusive asymptomatic thrombosis in this study reflects the pre-

existing bias of the medical imaging team that a large thrombosis posed increased risk to the child.  Whether 

this is true remains unknown. This child was recruited and had their ultrasound performed early in the course 

of the study. Throughout the remainder of the study, children with similarly sized CVC-related thrombosis 

remained blinded and untreated. This study demonstrates is that it is safe and ethical to blind clinical teams 

to the results of imaging that finds asymptomatic CVC-related thrombosis, even in a population thought 

previously to be at high risk of acute embolic complications (young infants post cardiac surgery, many with 

right to left shunts).  

 

The burden of therapeutic anticoagulation is substantial and exposes acutely unwell children to an increased 

risk of bleeding. For the first time, the clear discordance between the substantial risks and impact of 

therapeutic anticoagulation on a child and family and the minimal risk of long-term morbidity associated with 

un-treated asymptomatic CVC-related thrombosis is evident from this study. Further studies with increased 

numbers are now required to determine whether the negligible rates of clinical complications from untreated 

asymptomatic CVC-related thrombosis observed in this study hold true. Such studies need to have ample 

power to identify the independent risk factors for CVC-related thrombosis and poor outcomes in children in 

PICU using multivariate regression.  

 

This study demonstrates that a multi-centre prospective study of critically ill children with untreated 

asymptomatic thrombosis can be safely and ethically undertaken. Such as study will be powered to address 

the question of the true incidence of clinically significant PTS following asymptomatic CVC-related thrombosis 

and identify the independent risk factors for asymptomatic CVC-related thrombosis and its long term 

outcomes using multivariate analysis. This study would be crucial to informing the risk factors included in the 

development of a risk stratification tool for CVC-related thrombosis. 
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5.2.2 Risk Stratification Tool Development and Subsequent Interventional Study for Asymptomatic CVC-

related Thrombosis 

Recommendation: Develop and pilot a risk stratification tool to identify acutely unwell children with multiple 

risk factors for CVC-related thrombosis and poor thrombosis-associated outcomes who would benefit from 

screening for asymptomatic CVC-related thrombosis where: 

- Children identified by this risk stratification tool to have asymptomatic CVC-related 

thrombosis on screening would be randomised to receive treatment or no treatment and 

- Long-term follow up would be performed to identify and compare the incidence of clinically 

significant PTS and other long-term morbidity between these two groups.  

 

The conduct of a prospective study that uses a risk stratification tool to screen select populations of children 

with known risk factors for CVC-related thrombosis and subsequently randomised those with asymptomatic 

CVC-related thrombosis to anticoagulant treatment or no treatment is needed. Such a study would be a 

logical extension of the multi-centre prospective study previously described and would use the results of that 

study to develop the risk stratification tool. Importantly, these studies need to follow children for an 

extended time to evaluate the incidence of clinically significant PTS at several time points.  

 

This study identified that critically ill children with femoral CVCs present as a subgroup with a higher risk of 

CVC-related thrombosis and thrombosis-associated morbidity compared to children with a CVC placed in a 

jugular vessel. Only one child with asymptomatic CVC-related thrombosis developed clinically significant PTS 

in this cohort. This child was one of only three children with extensive asymptomatic CVC-related thrombosis 

who then developed (any) PTS; all three children had femoral CVCs. Thirty percent of children with femoral 

CVCs developed asymptomatic CVC-related thrombosis. Children with femoral CVCs in this cohort were also 

more likely to have a non-cardiac diagnosis, higher PIM2 probability of death, cardiac arrest, hypotension, 

elevated D-dimer and factor VIII and their CVCs were insitu for a longer-duration. All these significant 

associations demonstrate that the children with femoral CVCs in this cohort are a group with much higher 
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acuity as compared to children with jugular CVCs. Whether it is the combination of multiple factors increasing 

acuity and/or the site of CVC placement that are important to the likelihood of poor CVC-related thrombosis 

outcome needs further delineation. This can be achieved through the conduct of the multi-centre prospective 

longitudinal study as described above to confirm the independent risk factors for poor CVC-related 

thrombosis and the subsequent development and pilot of a risk stratification tool. 

 

Together with the development of this risk evaluation tool, future research should focus on the evaluation 

and clinical utility of such a tool. This could be performed within the context of an interventional study that 

employs clinically significant PTS as a primary endpoint. Children would be screened for asymptomatic CVC-

related thrombosis, based on their existing clinical risk factors, with researchers undertaking the risk 

evaluation and the clinical team remaining blinded to the imaging result. Children diagnosed with 

asymptomatic CVC-related thrombosis would be randomised to either receive anticoagulant therapy or usual 

care, which in this case would be no anticoagulation as it would only be their participation in this study that 

enabled detection of their asymptomatic CVC-related thrombosis. Follow up assessment would provide 

robust evidence of the true impact of the therapeutic anticoagulant treatment of asymptomatic CVC-related 

thrombosis in children, when multiple risk factors for poor CVC-related thrombosis outcomes were present 

at the outset. Current evidence is insufficient to determine if treatment of asymptomatic CVC-related 

thrombosis can prevent clinically significant PTS. 

 

5.2.3 Post Thrombotic Syndrome Assessment and Definition  

Recommendation: This study’s findings indicate that PTS assessment in young children is problematic due to 

the limitations of current PTS tools and that reporting of all cases of PTS (mild and clinically significant) may 

lead to the misrepresentation of the true incidence of this syndrome. Future research should focus on two 

areas:  

- The development of a paediatric PTS assessment tool appropriate for pre-school aged children  
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- The development of a definition of clinically significant PTS that is consistent with the child’s 

perception of the functional impact of the syndrome 

 

The rates of mild PTS and clinically significant PTS in this cohort are lower than many previous studies of 

children with CVC-related thrombosis. Clinically significant PTS was only diagnosed in two children and only 

on the MJI; the MVS diagnosed all cases of PTS as mild. Based on the findings of this study and other recent 

research, it is evident that the current paediatric PTS assessment tools likely overcall the incidence of all cases 

of PTS in children and have limited specificity in distinguishing clinically significant PTS from insignificant PTS. 

Variation in how PTS has been reported in children across the literature suggests that the real incidence of 

moderate and /or clinically significant PTS in children is unknown and thus the true impact of this sequelae 

is also unknown. Even clinically significant PTS as currently defined may have minimal functional impact on 

the child. This is one of only two studies to report the incidence of moderate or clinically significant PTS 

following any CVC-related thrombosis using both paediatric PTS assessment tools (180). However, this study 

presents the first data of the incidence of moderate/ clinically significant PTS diagnosed using both PTS tools 

following asymptomatic CVC-related thrombosis. Much more study is required before acute treatment 

decisions could be based on the likely PTS outcomes.  

 

This study adds to the body of knowledge about PTS assessments in children by utilising both paediatric tools 

but also raises new questions about the reliability of the PTS tools for younger children and the validity of 

parent-proxy reporting of PTS symptoms. The ISTH has suggested  that more research need to be conducted 

to prospectively evaluate the incidence of moderate /clinically significant PTS following CVC-related 

thrombosis in children, incorporating the use of both PTS tools to enable further examination of the tools 

validity and reliability and the functional impact of PTS (113). However, what has become evident since the 

ISTH statement in 2012 and is confirmed by the findings of this study, is that prospective studies using both 

tools need to also investigate each tools validity and reliability in scoring PTS in pre-school aged children. 

Recent work has been completed on the development of a new paediatric tool that incorporates a parent-

proxy version. However the parent-proxy version is suitable for all children aged less than 18 years and thus 
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doesn’t offer a resolution that is exclusively applicable to younger children and their parents (133, 192). 

Despite acknowledgement of the limited applicability of both PTS tools for younger children, there has been 

no dedicated work to date to develop a new version of the current tools or create a new PTS tool specifically 

for pre-school children or those with developmental delay (159, 187). This is a suggested focus of future 

research to assist in the accurate diagnosis of PTS and especially clinically significant PTS in children.  

 

Repeated PTS assessments in younger children diagnosed with symptomatic or asymptomatic CVC-related 

thrombosis has been one solution advised to test the paediatric PTS tools reliability in detecting subjective 

symptoms over time (172). Such information can be gained through longitudinal studies, following cohorts 

of children with CVC-related thrombosis and assessing PTS at regular intervals over more than a two year 

period. Furthermore, evidence is lacking about the functional impairment experienced by children with 

clinically significant PTS. Prospective, longitudinal studies of children with CVC-related thrombosis with and 

without PTS will continue the process of informing our understanding of the long-term outcomes for this 

population. Refinement of diagnostic tools and use of consistent definitions of the degrees of severity of PTS 

in the published literature will help to identify true rates and levels of impairment from clinically significant 

PTS in children. Such information will then provide a platform for informative studies of effective 

interventions.  

 

This study demonstrated that the incidence of clinically significant PTS from asymptomatic CVC-related 

thrombosis is minimal, however, further follow up of children with asymptomatic CVC-related thrombosis is 

required to determine if this remains true over time. Recent literature has demonstrated progression of PTS 

signs and symptoms over time, especially in children with CVC-related thrombosis (171, 172). Regular follow 

up of children with CVC-related thrombosis is advised to ensure that progression of any signs or symptoms 

of PTS are identified and monitored. The gathering of information about PTS progression, especially in young 

children and neonates diagnosed with CVC-related thrombosis, is crucial to our understanding of the natural 

history of PTS in children but also to the accurate assessment of the risk of PTS following CVC-related 

thrombosis. Furthermore, the finding that some children might develop PTS, without a diagnosed thrombosis 
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in the acute setting requires more study. Whether the relevant children in this study had subsequent 

interventions that created the PTS symptoms or whether the insertion of a CVC itself, without thrombosis, 

can be involved in the pathogenesis of PTS needs to be determined.  

 

5.3 Conclusion 

This study identified that despite a high incidence of asymptomatic CVC-related thrombosis in a cohort of 

children in PICU, the majority of whom had CHD, the incidence of clinically significant PTS two years later was 

extremely low.  This outcome informs clinical decision making regarding the negligible benefit of routine 

screening for asymptomatic CVC-related thrombosis in this cohort. Given that over 80% of the sample 

received UFH thromboprophylaxis, the incidence of asymptomatic CVC-related thrombosis confirms previous 

evidence that thromboprophylaxis is not protective against CVC-related thrombosis, especially for children 

with short-term CVCs. Finally, this study highlights the challenges of performing robust PTS assessment in 

children and makes clear recommendations regarding how clinicians can best approach selection of PTS 

assessment tools in their practice.  

 

The study has highlighted that there are clearly children with multiple risk factors for CVC-related thrombosis 

and associated poor clinical outcomes, however the study was not sufficiently powered to determine the 

independent risk factors for poor outcomes. A risk stratified approach to the assessment and treatment of 

asymptomatic CVC-related thrombosis is recommended. This study demonstrated that a sub-group of 

children with femoral CVCs were at higher risk of developing extensive asymptomatic CVC-related 

thrombosis and significantly more likely to have poor thrombus resolution. These findings are supported in 

the literature and convey the importance of identifying children with multiple risk factors for CVC-related 

thrombosis and long-term morbidity and targeting them for screening and then treatment.   

 

Ten percent of this cohort had a single sign or symptom of PTS, however clinically significant PTS was only 

diagnosed in two children, one of whom developed symptomatic CVC-related thrombosis subsequent to an 

initial negative ultrasound. The MVS classified all cases of PTS as mild, whilst the MJI classified 11 children as 
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having mild PTS and two children with clinically significant PTS. This study highlights the importance of 

consistency in the classification, diagnosis and reporting of clinically significant PTS in children, as reporting 

only mild PTS may overcall the incidence of clinically relevant PTS in children.  The study further highlighted 

the limitations of the current PTS tools in children especially related to the assessment of PTS related pain 

and suggests that the tools (MVS and MJI) may have differential value in different age groups of children. 

This should be a focus for future studies.  

 

This study provides crucial data to guide clinical decisions about routine screening for asymptomatic CVC-

related thrombosis in critically ill children. Whilst the study demonstrated a low risk of long-term sequelae 

such as clinically significant PTS in children with jugular asymptomatic thrombosis, it could not be so certain 

of the outcome for the sub-group of children with femoral CVCs. This study leads the way for the conduct of 

future clinical research targeting children most at risk of long-term thrombosis associated morbidity. Such 

research will build on our understanding of the significance of asymptomatic CVC-related thrombosis but will 

only do so if the incidence of clinically significant PTS is systematically evaluated over time to accurately 

determine the functional impact of CVC-related thrombosis in children.   
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1. Education PowerPoint  
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2. Fliers advertising study version 1 30_8_12 

CVL THROMBOSIS STUDY 
Eligible Patients: 

Patients with a CVL in the jugular or 
femoral veins that remains insitu for > 24 

hours. 
Patients are ineligible if: 

CVL has been insitu for > 72 hours 
CVL is in the subclavian vein. 

Please refer all eligible patients to 

Sophie Jones 
Pager # 4891 

Ext 66521 
sophie.jones@rch.org.au 

Study Title: The epidemiology of Post Thrombotic Syndrome following the use of Central Venous 
Lines in paediatrics (RCH HREC# 32063) 

Investigators:  Sophie Jones,  Prof Paul Monagle, paul.monagle@rch.org.au , A/Prof Warwick Butt, 
warwick.butt@rch.org.au, Prof Fiona Newall fiona.newall@rch.org.au 

Ultrasound Recruited patients will have an ultrasound of the vessel into which the CVL is placed 
within 72 hours of the line insertion. The result of the ultrasound will remain blinded to clinical 

teams. 

mailto:sophie.jones@rch.org.au
mailto:paul.monagle@rch.org.au
mailto:warwick.butt@rch.org.au
mailto:fiona.newall@rch.org.au


 

 

270 

 

3. Parent information statement and consent form 

 

 

PARENT/GUARDIAN INFORMATION STATEMENT 

AND CONSENT FORM 

HREC Project 

Number: 

32063 

 

Research Project 

Title: 

The epidemiology of Post Thrombotic Syndrome following the use 

of Central Venous Lines in paediatrics 

 

Principal Researcher: Ms Sophie Jones, Registered Nurse and PhD student, Clinical Haematology 

 

Thank you for taking the time to read this Information Statement.  This Information Statement 
and Consent Form is 5 pages long.  Please make sure you have all the pages. 
 
Your child is invited to participate in a research project that is explained below. 
 
What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the 
steps and procedures of the project.  The information is to help you to decide whether or not 
you would like your child to take part in the research. 
 
Please read this Information Statement carefully.  You can ask us questions about anything 
in it.  You may want to talk about the project with your family, friends or health care worker.  
 
Participation in this research project is voluntary.  If you don’t want your child to take part, you 
don’t have to.  You can withdraw your child from the project at any time without explanation 
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and this will not affect their access to the best available treatment options and care from The 
Royal Children’s Hospital. 
 
Once you have understood what the project is about, if you would like your child to take part 
please sign the consent form at the end of this information statement.  You will be given a 
copy of this information and consent form to keep. 

 
1. What is the research project about? 
This project aims to find out how many children with central venous lines (CVLs) in a 
paediatric intensive care unit (PICU) develop  blood clots. The project also aims to identify 
if the development of blood clots from a CVL causes  symptoms, such as pain and swelling, 
for these children.  

Blood clots that develop from CVLs sometimes do not cause any symptoms or problems for 
the child and so they are not diagnosed by their doctors.  However, children who have CVLs 
while they are in hospital and get a blood clot that is not diagnosed can then develop a 
condition called “post thrombotic syndrome” later in life. Of all the children that develop a 
blood clot from a CVL whilst they are in hospital, it is estimated (but not known) that 
approximately 26% (26 out of 100 children with a CVL) show some symptoms of post 
thrombotic syndrome during their childhood.  

Post thrombotic syndrome causes pain and swelling in the area (usually a leg or arm) where 
the blood clot is and may lead to some problems with limb (i.e. leg or arm) function. Post 
thrombotic syndrome can make exercise or playing sport uncomfortable and cause the skin 
on the limb to be red or purplish in colour.  

We do not know what the risk is of  developing post thrombotic syndrome for children with 
CVLs because we don’t know exactly how many children develop blood clots when they 
have a CVL.  

We hope that children aged from birth to 18 years will take part in this study.  

 
2. Who is funding this research project? 
This project is funded by a National Health and Medical Research Council PhD scholarship. 

 
3. Why is my child being asked to be in this research project? 
We are asking your child because he/she is currently a patient in the PICU and has a central 
venous line placed into one of their large blood vessels. 

 
4. What does my child need to do to be in this research project? 
There are two stages to this project: stage one will be during your child’s stay in PICU and 
stage two will be approximately one year later.  

Stage One – Paediatric Intensive Care Stay 

Ultrasound: While your child is in PICU, as part of the study, he/she will need to have an 
ultrasound of the blood vessel and area around where the central venous line (CVL) enters 
their body. To conduct the ultrasound, the technician will have to apply a probe to your 
child’s skin. The pressure on your child’s skin from the ultrasound probe may be 
uncomfortable for your child, but your child should not feel any pain from this ultrasound as 
they will be getting pain medication as part of their care in PICU. This ultrasound is 
conducted just for the research study. 
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The researchers, the doctors, nurses, you and your child will not be able to find out the result 
of the ultrasound The reason for not telling your child’s doctors the result of your child’s 
ultrasound is because at the RCH the standard treatment is to only treat a blood clot with 
blood thinning medication when a child shows symptoms of a blood clot. Symptoms include 
pain, swelling and redness around the area of the CVL or blockage of the CVL.  

Blood tests: Whilst your child is in PICU the doctors ask for lots of blood tests as part of your 
child’s routine care. Often when blood tests are done there is left over blood that the 
laboratory doesn’t use. The researchers for this project would like to use this left over blood 
to do some tests to find out if your child has any blood characteristics that place them at a 
higher risk of a blood clot. These characteristics are rare but can be important to know for 
your child’s future health. Your child will not have to have any extra needles or blood tests. 
If there is no leftover blood available, these tests will not be done.  

Medical History: We will look through your child’s medical record to collect information about 
your child’s medical history.  We may need to ask you a few questions about your child’s 
medical history. 

Stage Two – One Outpatient Appointment (one year later) 

Your child will need to attend one appointment at the hospital approximately one year later. 
The appointment will take approximately two hours and can be made at a time that is 
convenient for your family. At this appointment your child will need to have an ultrasound 
and a physical examination.  

Ultrasound: Your child will need to have another ultrasound of the blood vessel and area 
around where the central venous line was positioned in their body.  

Physical Examination: During the appointment, we will need to see your child to conduct a 
physical examination. This involves examining the skin around where the central venous line was placed into your child’s body 

t o look for signs and symptoms of post thrombotic syndrome. Signs and symptoms include 
swelling, the presence of veins that are visible on the surface of the skin and changes in 
skin colour. We will also feel your child’s pulse and ask you and your child a few questions 
about their general health.  

At this time we can also tell you about the results of both of the ultrasounds. 

 
5. What are my child’s alternatives to taking part in this project? 

Your child does not have to take part in this project if you do not want him/her to. 
 

If your child takes part and you change your mind, you can stop their participation at any 
time without telling us why.  If your child withdraws from the project we will use any 
information collected from you unless you tell us not to. Your decision will not affect any 
treatment or care your child gets, or your family’s relationship with The Royal Children’s 
Hospital. 

 
6. What are the possible benefits for my child? 
The possible benefits for your child include the early identification of a blood clot or blood 
characteristics that increase the risk of a blood clot and early identification of signs and 
symptoms of post-thrombotic syndrome, if your child did develop a blood clot during their 
stay in PICU. Diagnosing post thrombotic syndrome early may help to lessen the severity 
of this syndrome for your child later in life. 

 
7. What are the benefits for other people in the future? 
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This project will benefit other children in the future by helping us find out if children with 
CVLs: 

- need routine ultrasounds;  

- often get blood clots that are not diagnosed or show any symptoms 

- are more likely to get post thrombotic syndrome because they have had a blood clot 
related to a CVL 

This information will help doctors to: 

- decide if all children with CVLs need blood thinning medication whilst they are in 
hospital 

- screen all children who have had a CVL for signs of post thrombotic syndrome 

All of these things will help children in the future by minimising their chance of getting a 
blood clot and if they do get a blood clot then minimise the risk of post thrombotic syndrome. 

 
8. What are the possible risks, side-effects and/or discomforts? 
There is a chance that the ultrasound will not detect a blood clot but that your child may 
develop signs and symptoms of a blood clot at a later time. If this happens your child may 
need to have another ultrasound. The result of the ultrasound conducted for the project will 
be given to you  after your child has the Stage 2 ultrasound during the outpatient 
appointment.  

Your child may find the Stage 2 ultrasound uncomfortable. The ultrasound technician will 
have to push gently on to your child’s skin where the CVL was but this will only last for a 
short time. Your child will also have to lie still for the ultrasound which may be uncomfortable. 

It may be distressing for you and your child to find out that your child has a blood clot and 
or has post thrombotic syndrome. If this happens, your child will be referred to specialist 
Haematology doctors who are experienced at caring for children with blood clots or post 
thrombotic syndrome and you can discuss your worries with them at any time.  

 
9. What are the possible inconveniences? 
It may be inconvenient for you and your child to visit the hospital for the Stage 2 part of the 
study but we will try to make the appointment at a convenient time for you. 

 
10. What will be done to make sure my child’s information is confidential? 
Any information and blood samples we collect for this research project that can identify your child will 
be treated as confidential.  We can disclose the information only with your permission, except as 
required by law.  
 
All information and blood samples will be stored securely in the Clinical Haematology department at 
The Royal Children’s Hospital. The blood samples from collected from your child will be stored in a 
secure and monitored freezer. 
The following people may access information collected as part of this research project:  

 the research team involved with this project 

 The Royal Children’s Hospital Human Research Ethics Committee 
 
The information and blood samples will be re-identifiable.  This means that we will remove your child’s 
name and give the information and the blood samples a special code number.  Only the research 
team can match your child’s name to their code number, if it is necessary to do so. 
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We will keep the information and blood samples until the youngest participant in this project turns 25 
years old.  After this time, it will be destroyed. 
 
In accordance with relevant Australian and/or Victorian privacy and other relevant laws, you have the 
right to access and correct the information we collect and store about your child.  Please contact us 
if you would like to access this information. 
 

When we write or talk about the results of this project, information will be provided in such 
a way that your child cannot be identified.  The results of this research will be used by the 
student researcher Sophie Jones to obtain a PhD degree. 

 
11. Will we be informed of the results when the research project is finished? 
Yes. We will send you a report of the overall results of the project. 

 
If you would like more information about the project or if you need to speak to a member of 
the research team in an emergency please contact: 
Name: Sophie Jones 

Contact 
telephone: 

03 9936 6521 

If you have any concerns about the project or the way it is being conducted, and would like to speak 
to someone independent of the project, please contact:  
Director, Research Development & Ethics, The Royal Children’s Hospital on telephone: (03) 9345 5044. 

CONSENT FORM  

HREC Project Number: 32063 

Research Project Title: The epidemiology of Post Thrombotic Syndrome following the 
use of  Central Venous Lines in paediatrics 

 

Version Number: 2.2 Version Date: 7/05/2012 

 
 I voluntarily consent for my child to take part in this research project. 

 I believe I understand the purpose, extent and possible risks of my child’s involvement in this 
project. 

 I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

 I understand that this project has been approved by The Royal Children’s Hospital Human 
Research Ethics Committee and will be carried out in line with the National Statement on Ethical 
Conduct in Human Research (2007). 

 I understand I will receive a copy of this Parent/Guardian Information Statement and Consent 
Form. 

 

Child’s Name     

 

Parent/Guardian Name  Parent/Guardian Signature  Date 
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Name of Witness to Parent/Guardian’s 

Signature 

 Witness Signature  Date 

I have explained the project to the parent/guardian who has signed above, and believe that they 

understand the purpose, extent and possible risks of their child’s involvement in this project. 

Research Team Member Name  Research Team Member Signature  Date 

Note: All parties signing the Consent Form must date their own signature. 
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4. Data Collection Tool 

CVL-related Thrombosis and PTS in Paediatrics Data Collection Sheet 

ELIGIBILITY CRITERIA 

 Aged 1 day to 18 years 
 Admitted to PICU 
 CVL in the jugular or femoral veins  
 CVL to remain insitu for more than 24 hours 
 CVL been insitu for less than 72 hours 
 CVL not in subclavian vein 
 No past history of CVL in same vessel within 3 years 

PICU Admission Data Collection - within 24 hours of Ultrasound 

Ultrasound 24 -72 hours post CVL insertion  

Date/ time of u/s        ...../...../.....                        ...........h                        

Admission Demographics 

Date   ...../...../.....                       Time  ...........h 
Initials 

DOB Ethnicity 

Gender         male     female  First PICU admission      yes        no  

Weight (kgs) Height (cms) 

 

Diagnosis 

Reason for admission to PICU  Cardiac Surgery                          Other  

                                                   Congestive Cardiac Failure     

Reason for CVL                         Cardiac Surgery                          Other  

                                                   Medical Mx                              

CVL factors: 

Type of line:  

Non-tunnelled                     Hickmans       

Broviac           

Site of placement: 

Jugular                Right                    Left  

Femoral              Right                     Left  

Size of lumen                          No. of Lumen............. 

CVAD Insertion record       yes        no  

Unit inserted          OT    ICU     Other................. 

U/Sound guided  yes        no  

Date inserted 

...../...../..... 

Date removed 

...../...../..... 
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Clinical Status in 72 hours post line-insertion (Date...../...../..... to  Date...../...../.....)  

Infusions 

Fluid balance in last 24 hours  

................................ 

Fluid restriction   yes        no   

IV Fluid/ Fluids ordered ....................        

mls/kg/day     n/a                                                                                                                           

TPN  .........mls/kg/day                        n/a                                                                                                                           

Sedation/Analgesia 

Morphine   .........mcg/kg/hr 

Midazolam .........mcg/kg/hr 

Fentanyl     .........mcg/kg/hr 

Ketamine    .........mcg/kg/hr 

Other........................ n/a                                                                                                                           

Inotropes 

Dopamine  ........mcg/kg/min 

Dobutamine........mcg/kg/min 

Milrinone    ........mcg/kg/min 

Adrenaline........mcg/kg/min 

Other........................n/a                                                                                                                           

Other fluids required 

Mobility  

Child cannot be moved without great difficulty or deterioration in condition/general anaesthetic                                     

Unable to change his/her position without assistance /cannot control body movement                                                     

Some mobility, but reduced for age                                                                                                                                    

Normal mobility for age                                                                                                                                                       

Hydration status – in 72 hour period post CVL insertion 

Date...../...../..... Time...........h                                                                                 

Sodium (Na+) level (mmol/L) Result:                n/a  

Urea (mmol/L) Result:                                       n/a  

Creatinine (mmol/L) Result:                              n/a  

 

Peritoneal Dialysis                            yes        no  

Haemofiltration                                 yes        no   

Capillary refill time (circle) (at time of documentation) 

Date...../...../..... Time...........h  

<2 seconds                    >3 seconds 

Decreased skin turgot                      yes        no  

Other.................................... 

 Coagulation:                                                n/a  

INR Result:                   Date...../...../..... Time...........h 

APTT Result:                 

Fibrinogen Result: 

Antiplatelet agent          yes        no  

Heparin                         yes        no ...........u/kg/hr       

Other anti-thrombotics/ 

thrombolytics........................ 

Lab No: 

Aliquots                          Box No:                   

Frozen Date...../...../..... Time...........h  

Previous PICU admission         

yes  no  Date...../...../.....  

Previous CVL   yes  no  

Site of previous CVL...........................  

Date of previous CVL...../...../..... 
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Time insitu (days)...................... 

Family history of thrombosis/ thrombophilia: yes        no   

Details:  
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Clinical Status in 72 hours post line-insertion (Date...../...../..... Time...........h to  Date...../...../..... Time...........h)  

Admission Patient-related Risk Factors 

Documented line complications  

Occlusion         yes        no       Date...../...../..... 

Infection           yes        no       Date...../...../..... 

Thrombosis      yes        no       Date...../...../..... 

Clinical signs of thrombosis  

Pain           yes  no    Location....................... 

Swelling     yes  no    Location....................... 

Oedema     yes  no   Location.......................... 

Redness     yes  no   Location.......................... 

Sepsis 

*Procalcitonin (ng/mL)      n/a  

Date...../...../.....Result: 

*IT Ratio n/a  

Date...../...../.....Result:                          

+ve Blood Culture yes  no  

Site................     Date...../...../..... 

Bleeding 

FFP  yes  no ..............mls/kg 

Platelets yes  no .......mls/kg 

PRBC     yes  no .......mls/kg 

Open chest                    yes  no  

Surgery to clean chest   yes  no  

Chest drain losses (frank blood) 

>5ml/kg/hr              yes  no   

Major Bleed               

yes  no  

Clinically Relevant Bleed  

yes  no  

Drop in Hb 

yes  no  

ECMO 

ECMO yes  no  

VAD yes  no  

Unit inserted          OT    ICU     

Other................. 

No of days.................... 

Type..................... 

Site of cannulas 

Jugular  

Pericardial  

Femoral  

Cardiac arrest         yes  no  

Approx down 

time......................... 

Open Chest Post-op                      yes  no  No of days.................... 

Hypotension 

Period of sustained hypotension 

yes  no  

Low cardiac output        yes  no  Required additional intervention   

yes  no  

Cause: 

Hypovolaemia                            

Arrhythmia                                 

Tamponade                               

Intervention:  

Inotropes (initial/additional)             

Fluids                                              

Pacing                                            

Resolved within  

1 hour                                      

4 hours                                     

12 hours                                   
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Poor cardiac function                 ECMO/ VAD                                   Ongoing                                   

Ultrasound Data Collection 24 -72 hours post CVL insertion 

 

Date CVL inserted ...../...../..... 

 

Date/ time of u/s        ...../...../.....       ...........h                

Conducted by: 

Unit where u/ s performed  PICU                 

                                              M/Imaging        

                                              Ward                 

CVL factors: 

Type of line:  

Non-tunnelled                     Hickmans       

Broviac            

Site of placement: 

Jugular                Right                     Left  

Femoral               Right                     Left  
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281 

Signed...........................Date...../...../..... 
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Readmission to PICU During 12 month Follow up  

Second PICU admission         

yes  no  Date...../...../..... 

New CVL   yes  no  

Site of new CVL........................... 

Date of insertion of new 

CVL...../...../..... 

Time insitu (days)...................... 

New CVL in same vessel as first CVL?                                                                                       yes  no  

If CVL in same vessel conduct second ultrasound 

If CVL in new vessel, collect new data (see below) 

Date of ultrasound...../...../..... Time...........h 

Conducted by: 

Was there an attempt to access same vessel as first CVL?           yes  no  

If yes, was there difficulty accessing this vessel? yes  no  

 

Laboratory Analysis for markers of thrombotic activity (post admission) 

(Plasma samples only from day of ultrasound)  Date...../...../..... Time...........h 

D-dimer Date analysed 

Factor VIII Date analysed 

 

12 month follow up – Outpatient appointment 

Date...../...../.....  

Time...........h 

Site of CVL placement  Time since PICU admission (days) 

Required ECMO during previous admission     yes         no   

Clinical Assessment 

Villata Instrument  

(see page below) 

Mild = 1 to 3; Moderate = 4 to 8; Severe = >8 Score 

Manco-Johnson Instrument  

(see page below) 

 Score 

Limb in which CVL placed................................. 

Pulse palpable          yes         no  

Regular                      yes        no  

Strong                        yes        no  

Presence of collateral veins              yes        no  

Discolouration                                   yes        no  

Presence of varicose veins               yes        no  
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Rate                           yes        no  

Clinical signs/ symptoms of thrombosis  

Pain           yes  no    Location.............................. 

Swelling     yes  no    Location............................ 

 

Oedema      yes  no   Location............................. 

Redness     yes  no   Location............................ 

Ultrasound of venous system  

 

Date/ time of u/s...../...../..... Time...........h 

Conducted by: 

 

Readmission to PICU – Second CVL Data Collection: Admission Demographics 

Date   ...../...../..... Time  ...........h 

Hospital UR Initials 

DOB  Age  

Weight (kgs) Height (cms) 

Date of admission to PICU...../...../..... Time...........h First PICU admission      yes        no  

Diagnosis Reason for admission to PICU 

CVL Factors 

Reason for CVL Type of line 

Size of lumen Site of placement 

Date inserted...../...../..... Date removed...../...../..... Unit inserted          OT    ICU  

Documented line complications  

Occlusion         yes        no       Date...../...../..... 

Infection           yes        no       Date...../...../..... 

Thrombosis      yes        no       Date...../...../..... 

Pulse palpable in limb in which CVL placed  

Regular                          yes        no  

Strong                            yes        no  

Rate    .......bpm             yes        no  

Clinical signs of thrombosis  

Pain           yes  no    Location....................... 

Swelling     yes  no    Location....................... 

 

Oedema     yes  no   Location.......................... 

Redness     yes  no   Location.......................... 

Infusions 

Heparin  

...........u/kg/hr      n/a  

IV Fluid 

................. 

Sedation/Analgesia 

Morphine   .........mcg/kg/hr 

Inotropes 

Dopamine  ........mcg/kg/min 
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TPN   

.........mls/kg/day        n/a                                                                                                                           

 

.........mls/kg/day  n/a                                                                                                                           

Midazolam .........mcg/kg/hr 

Fentanyl     .........mcg/kg/hr 

Ketamine    .........mcg/kg/hr 

Other........................ n/a                                                                                                                           

Dobutamine........mcg/kg/min 

Milrinone    ........mcg/kg/min 

Adrenaline........mcg/kg/min 

Other........................n/a                                                                                                                           

Mobility  

Child cannot be moved without great difficulty or deterioration in condition/general anaesthetic                                       

Unable to change his/her position without assistance /cannot control body movement                                                     

Some mobility, but reduced for age                                                                                                                                    

Normal mobility for age                                                                                                                                                       

Hydration status 

Sodium - Date...../...../..... Result:                   n/a  

Urea - Date...../...../.....Result:                           n/a  

Creatinine - Date...../...../..... Result:                  n/a  

Dialysis                                             yes        no  

Haemofiltration                                 yes        no  

INR            Date...../...../.....Result:                    n/a  

APTT (sec)Date...../...../.....Result:                    n/a  

Antiplatelet agent                            yes        no   

PCT - Date...../...../.....Result:                            n/a  

Capillary refill time (circle) 

>2 seconds                          >3 seconds 

Decreased skin turgot                      yes        no  

Other.................................... 

Fluid balance in last 24 hours  

................................  

Fluid restriction                                 yes        no   

Fluids ordered .........mls/kg/day   

 

Definitions: 

1. Hypercoagulability: State of increased risk of thrombosis due to inherited thrombophilia, dehydration, prolonged 

immobility, poor blood flow, blood vessel injury. Data regarding each patient’s hypercoagulability state will be 

collected. 

2. Immobility:  

- Child cannot be moved without great difficulty or deterioration in condition.  

- Child has been administered a general anaesthetic   

3. Hydration status: 

Hydration will be determined by serum sodium, evidence of any renal impairment, current fluid balance and clinical 

signs such as capillary refill time and skin turgot.  

Evaluation of the serum sodium to inform patient’s state of hydration will be guided by the published 

recommendations in the RCH Clinical Practice Guideline: 

Hyponatraemia (Na+ <135) 
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Normal (Na+ 135 -149) 

Moderate Hypernatraeimia (Na+ 150 -169) 

Severe Hypernatraemia (Na+ >169) 

4. Sepsis: 

- Procalcitonin level >2ng/ml 

- Positive blood culture 

- IT ratio >0.2 

- fever/ temperature instability (>38ºC) 

5. Sustained Hypotension 

- mean arterial pressure < 30mmHg for neonates 

- mean arterial pressure <45mmHg for older 

children 

- >3 consecutive measurements 

- >6 measurements in a 24 hour period 

MET Criteria 

Age    BP (systolic) 

Term-3 months  <50 

4-12 months   <60 

1-4 years   <70 

5-12 years   <80 

12 years+                    <90 

6. Major bleeding  

- “composite of” fatal bleeding; clinically overt bleeding associated with a fall in haemoglobin level of 20 g L 

or more in a 24 hour period; bleeding that is retroperitoneal, pulmonary, intracranial or involves the central 

nervous system; and bleeding that requires surgical intervention in an operating suite 1 (p. 1857).  

7. Clinically relevant non-major bleeding  

- a composite of overt bleeding requiring a blood transfusion which “is not directly attributable to the 

patient’s underlying medical condition and bleeding that requires medical or surgical intervention to restore 

haemostasis, other than in an operating suite” 1 (p. 1857).  
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Villata PTS scoring sheet 2 

 

 Symptoms Score Score 

Subjective symptoms 

 Pain or abnormal use  0 (absent)  1 (present)  

 Swelling 0 (absent)  1 (present)  

Objective signs 

 Change in skin colour  0 (absent)  1 (present)  

 Increase in limb circumference  0 (absent)  1 (present)  

 Pitting oedema  0 (absent)  1 (present)  

 Collateral vessels  0 (absent)  1 (present)  

 Pigmentation  0 (absent)  1 (present)  

 Tenderness on palpation  0 (absent)  1 (present)  

 Oedema of the head  0 (absent)  1 (present) 2 (severe) 

 Varicosities  0 (absent)  1 (present) 2 (severe) 

 Ulceration  0 (absent)  1 (present) >8 (present) 
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5. Ultrasound Data Collection Sheet 
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6. CVC Study Update letter 

 

22nd January 2014 

 

 

Addressee 

Street Address 

CITY/TOWN STATE Postcode 

 

Dear [Click here and type letter]  

 

RE: HREC Project #32063 

Central venous lines in paediatrics: the epidemiology of asymptomatic thrombosis and post 

thrombotic syndrome  

 

We would like to thank you for taking part in our research project.  We really appreciate you and your 

child’s contribution so far.  The aim of the project is to find out how many children with central venous 

lines (CVLs) in a paediatric intensive care unit (PICU) develop blood clots. The project also aims to 

identify if the development of blood clots from a CVL causes symptoms, such as pain and swelling. 

 

You may recall that your child had an ultrasound of the blood vessel where their CVL was in place, 

whilst they were in hospital. The next part of this research project is to perform a second ultrasound 

some time after your child was discharged from hospital. This ultrasound will help us to determine if 

the CVL has had any lasting effects on your child’s blood vessel. At the time of the second ultrasound 

we also want to assess your child for any physical signs and symptoms that may have been caused 

by a blood clot.  
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We had originally planned to conduct this ultrasound and the physical assessment approximately 

one year following your child’s stay in hospital. The timing of this ultrasound and assessment has 

now been extended and will be performed approximately two years following your child’s discharge.  

 

The reason for this change is that Sophie Jones, the principal researcher of this project, is taking 

maternity leave.  

 

The change in the timing of the ultrasound and physical assessment to two years following the time 

your child had a CVL in place is beneficial to the project as it will provide a longer time frame to 

assess the impact of the CVL on your child’s blood vessel and observe for any physical changes. 

This information is vital for us to understand the impact of CVLs on children’s blood vessels and the 

long term effects of blood clots for children.  The result of the ultrasounds conducted for the project 

will be given to you after your child has the second ultrasound and you will have a chance to discuss 

any questions. 

 

We will contact you again in approximately six months time to update you on the project and organise 

an appropriate time for you and your child to attend the hospital for this ultrasound and physical 

assessment. Where possible we will organise this to occur on a day that your child has other 

outpatient appointments at the hospital.  

 

If your contact details change over the next six months, please ensure you notify the hospital of this 

change so we can contact you if needed. Changes to your details can be made by phoning (03) 

9345 6107. 
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Thank you again for your time and contribution to this project. If you have any questions, please do 

not hesitate to contact us on the numbers below.  

 

Sincere regards from the research team, 

 

 

 

 

 

Sophie Jones       

Anticoagulation Nurse Consultant 

sophie.jones@rch.org.au 

(03) 9936 6521 

 

 

 

 

 

Professor Paul Monagle    

Paediatric Haematologist   

Department of Clinical Haematology 

 

 

  

 

 

 

Professor Fiona Newall      

Director, Nursing Research      

Anticoagulation Nurse Consultant 

(03) 9345 5827     

 

 

 

 

Associate Professor Warwick Butt  

Director, Paediatric Intensive Care 

 

 

 

  

mailto:sophie.jones@rch.org.au
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Signed...........................Date...../...../..... 

Version 2.0 June 2012 

7. RCH HREC Approvals 
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8. Data Collection Sheet for Patient Deaths Version 1 30_3_16 
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9. Participant contact letter for Phase II data collection V1 – dated 17_12_13 

 

[Insert date]  

 

 

Addressee 

Street Address 

CITY/TOWN STATE Postcode 

 

Dear [Click here and type letter]  

 

RE: HREC Project #32063 

Central venous lines in paediatrics: the epidemiology of asymptomatic thrombosis and 

post thrombotic syndrome  

 

We would like to thank you for taking part in our research project.  We really appreciate you and 

your child’s contribution so far.  The aim of the project is to find out how many children with 

central venous lines (CVLs) in a paediatric intensive care unit (PICU) develop blood clots. The 

project also aims to identify if the development of blood clots from a CVL causes symptoms, such 

as pain and swelling. 

 

You may recall that your child had an ultrasound of the blood vessel where their CVL was in 

place, whilst they were in hospital. The next part of this research project is to perform a second 

ultrasound some time after your child was discharged from hospital. This ultrasound will help us 

to determine if the CVL has had any lasting effects on your child’s blood vessel. At the time of 
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the second ultrasound we also want to assess your child for any physical signs and symptoms 

that may have been caused by a blood clot.  

 

The timing of this ultrasound and physical assessment needs to be approximately two years 

following your child’s discharge. 

We are contacting you to organise an appropriate time for you and your child to attend the 

hospital for this second ultrasound and physical assessment. Hospital records indicate that your 

child has an outpatient appointment at the hospital on: 

 

Date 

Time 

Location 

 

If possible, we would like to perform the second ultrasound prior/ following this appointment at:  

 

Date  

Time 

Location  

 

If this time is unsuitable for your family and you would like to arrange an alternate time, please 

contact Sophie Jones, on the number provided below. Thank you again for your time and 

contribution to this project. If you have any questions, please do not hesitate to contact us. We 

look forward to seeing you on [insert date]. 

 

Sincere regards from the research team, 
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Sophie Jones      Professor Paul Monagle  
  
Anticoagulation Nurse Consultant   Paediatric Haematologist   
(03) 9936 6521      Department of Clinical Haematology 
sophie.jones@rch.org.au   
 
Professor Fiona Newall     Associate Professor Warwick Butt 
Director, Nursing Research     Director, Paediatric Intensive Care 
Anticoagulation Nurse Consultant 
(03) 9345 5827     

 

 

 

  

mailto:sophie.jones@rch.org.au
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10. Failure to attend Phase II appointment FTA_V1, dated 15_10_15 

 

25th November 2015  

 

 FAMILY 

address 

address 

 address 

 

Dear FAMILY, 

RE: HREC Project #32063 - Central venous catheters in paediatrics: the epidemiology of asymptomatic 

thrombosis and post thrombotic syndrome 

Thank you for taking part in our research project.  We really appreciate you and your child’s 

contribution so far.  The aim of the project is to find out how many children with central venous 

catheters (CVCs) in a paediatric intensive care unit (PICU) develop blood clots. The project also 

aims to identify if the development of blood clots from a CVC causes symptoms, such as pain and 

swelling. 

You may recall that your child had an ultrasound of the blood vessel where their CVC was in place 

when they were in hospital. The next part of this research project is to perform a second ultrasound. 

This ultrasound will help us to determine if the CVC has had any lasting effects on your child’s blood 

vessel. At the time of the second ultrasound we also want to assess your child for any physical signs 

and symptoms that may have been caused by a blood clot, if one was there.  

The timing of this ultrasound and physical assessment needs to be approximately two years following 

your child’s discharge from hospital.  
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We have contacted you in the past to organise an appropriate time for you and your child to attend 

the hospital for this second ultrasound and physical assessment. You did not attend the scheduled 

appointment made for your child or we have been unable to reach you to discuss this by phone.  

We are contacting you to request your child’s ongoing participation in the project. 

If you are happy for your child to attend the hospital for this ultrasound and physical assessment, 

please nominate a time that may be suitable for you on the next page and return the page in the 

reply paid envelope enclosed. This appointment will take no longer than 30 minutes. 

If you do not wish to attend the hospital for this appointment, we would greatly appreciate it if you 

could answer a few short questions on the page attached regarding your child’s current health and 

send your answers back to us in the envelope enclosed. 

 

If we do not receive a reply from you we will assume that you do not wish for your child to continue 

their participation in this project. 

 

If you have any questions regarding your child’s participation in the study, please don’t hesitate to 

contact Sophie Jones, on the number or email provided below. Thank you again for your time and 

contribution to this project.  

 

Sincere regards from the research team, 
 
Ms, Sophie Jones, Prof Paul Monagle, Prof Fiona Newall, A/Prof Warwick Butt 
(03) 9936 6521 sophie.jones@rch.org.au 
    
   
  

mailto:sophie.jones@rch.org.au


 

 

303 

CVC PROJECT  

APPOINTMENT RESPONSE FORM: 

 

CHILD’S NAME:..................................................................................... 

We have appointments available on Wednesdays, Thursdays and Fridays between 12:30 and 1:00 pm and on 
Saturday mornings between 9:00am and 12;00pm on various dates throughout the month of January, 2016. This 
appointment will take no longer than 30 minutes and will be held in the Medical Imaging Department, Lower 
Ground Floor (opposite the Green lifts). 
 

Please select your preferred date time for your child’s appointment: 

Weekdays (Please tick box preferred date) 

Wednesday 6th at 12:30, 12:45 or 1:00pm 

Wednesday 13th at 12:30, 12:45 or 1:00pm 

 

Thursday 7th, at 12:30, 12:45 or 1:00pm  

Thursday 14th at 12:30, 12:45 or 1:00pm  

Thursday 21st at 12:30, 12:45 or 1:00pm  

Thursday 28th at 12:30, 12:45 or 1:00pm  

 

Friday 8th at 12:30, 12:45 or 1:00pm  

Friday 15th at 12:30, 12:45 or 1:00pm  

Friday 22nd at 12:30, 12:45 or 1:00pm  

Friday 29th at 12:30, 12:45 or 1:00pm  

 

Saturdays (Please circle date and tick box for preferred time) 

Saturday 9th of January   Saturday 16th January   Saturday 30th January  

Saturdays between 9:00am and 10:00am 

Saturdays between 10:00am and 11:00am 

Saturdays between 11:00am and 12:00pm 

 

If you have a specific date in January that you can attend please list it here:....................................... 

I can be contacted on this number to organise this appointment ……………………… 

We will be in touch via phone and/or letter to confirm your child’s appointment.  

Thank you. 

Sincere regards from the research team, 

Ms, Sophie Jones, Prof Paul Monagle, Prof Fiona Newall, A/Prof Warwick Butt 

(03) 9936 6521 sophie.jones@rch.org.au 

 

 

mailto:sophie.jones@rch.org.au
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CVC PROJECT: 

CHILD’S CURRENT HEALTH QUESTIONS 

Please answer these questions only if you are not attending RCH for a follow up ultrasound and post them back 

to us in the envelope enclosed. 

CHILD’S NAME:..................................................................................... 

Your child had a central venous catheter (CVC) placed in their right/left neck/groin during their hospital 

admission.  

Can you please tick if your child currently has any of the following symptoms in the right/left arm/leg where their 

CVC was placed?  

Symptom Present 

 Pain or heaviness when using limb  yes      no  unsure       

 Swelling of limb yes      no  unsure       

 Change in skin colour of limb (i.e. purplish or blue) yes      no  unsure      

 Extra blood vessels visible under the skin  yes      no  unsure        

 Soreness when touched  yes      no  unsure       

 Swelling of the head or neck yes      no  unsure      

 Varicose (bulging) veins or ulcers on the skin yes      no  unsure      

Pain in limb  

 When resting yes      no  unsure       

 During normal activities (walking) yes      no  unsure       

 During exercise yes      no  unsure       

Could you please measure the circumference (length around the limb) of both of your child’s upper arms/ thighs 

and calves and write the measurement here in centimetres?  

Right..................................cm   Left.....................................cm 

Do you have any other concerns regarding your child’s use of their right/left arm/leg? 

.........................................................................................................................................................................

........................................................................................................... 

 

If possible, could you also send us a recent photograph of the skin in area around where your child had their CVC 

placed (neck/arms/legs). Your child’s face should not be included in the photograph. This photo will help us to 

assess if your child has any symptoms of Post Thrombotic Syndrome, such as swelling or extra, small blood vessels 

on the surface of the skin. The photo will not be used in any presentations or reproduced in any way.  

Thank you for taking the time to answer these questions. Please post your answers and the photo back to us in 

the envelope provided or email to sophie.jones@rch.org.au . 

Sincere regards, 

Ms Sophie Jones, Prof Paul Monagle, Prof Fiona Newall, A/Prof Warwick Butt  

  

mailto:sophie.jones@rch.org.au
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11. Rural/ Interstate patient contact letter for Phase II data collection Country Pts_V1. Dated 

15_10_15 

 

15th October 2015  

 

 FAMILY 

address Street 

RICHMOND 

 VIC 3121 

 

Dear  FAMILY, 

 

RE: HREC Project #32063 - Central venous catheters in paediatrics: the epidemiology of asymptomatic 

thrombosis and post thrombotic syndrome  

 

We would like to thank you for taking part in our research project.  We really appreciate you and your 

child’s contribution so far.  The aim of the project is to find out how many children with central venous 

catheters (CVCs) in a paediatric intensive care unit (PICU) develop blood clots. The project also 

aims to identify if the development of blood clots from a CVC causes symptoms, such as pain and 

swelling. 

 

You may recall that your child had an ultrasound of the blood vessel where their CVC was in place, 

whilst they were in hospital. The next part of this research project is to perform a second ultrasound 

some time after your child was discharged from hospital. This ultrasound will help us to determine if 

the CVC has had any lasting effects on your child’s blood vessel. At the time of the second ultrasound 

we also want to assess your child for any physical signs and symptoms that may have been caused 

by a blood clot.  
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The timing of this ultrasound and physical assessment needs to be approximately two years following 

your child’s discharge. We are contacting you to organise an appropriate time for you and your child 

to attend the hospital for this second ultrasound and physical assessment. The appointment will take 

no longer than 30 minutes. 

Can you please nominate a time that may be suitable for you on the next page and return the page 

in the reply paid envelope attached? 

We will be in touch via phone and/or letter to confirm your child’s appointment.  
 
If you are unable to travel to Melbourne for this appointment please let us know (on the next page) 
and we can arrange for your child to have an ultrasound performed locally. If you elect to have the 
ultrasound performed locally, we would also ask that you answer a few questions on page 3 of this 
letter and send your answers back to us in the envelope enclosed.  
 

If we do not receive a reply from you we will assume that you do not wish for your child to attend the 

hospital for this appointment. 

If you have any questions regarding your child’s participation in the study, please don’t hesitate to 

contact Sophie Jones, on the number provided below. Thank you again for your time and contribution 

to this project.  

 

Sincere regards from the research team, 
 
Ms Sophie Jones, Prof Paul Monagle, Prof Fiona Newall and A/Prof Warwick Butt   
(03) 9936 6521 sophie.jones@rch.org.au  
  

mailto:sophie.jones@rch.org.au
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CVC STUDY APPOINTMENT RESPONSE FORM: 
 

CHILD’S NAME:..................................................................................... 

 

We have appointments available on Wednesdays, Thursdays and Fridays between 12:30 and 1:00 pm and on 

Saturday mornings between 9:00am and 12;00pm throughout the month of January. 

This appointment will take no longer than 30 minutes and will be held in the Medical Imaging Department, Lower 

Ground Floor (opposite the Green lifts). 

 

Please tick the box below to indicate you preferred time for your child’s appointment: 

Wednesdays at 12:30, 12:45 or 1:00pm 

Thursdays at 12:30, 12:45 or 1:00pm  

Fridays at 12:30, 12:45 or 1:00pm  

Saturdays between 9:00am and 10:00am 

Saturdays between 10:00am and 11:00am 

Saturdays between 11:00am and 12:00pm 

 

If you have a specific date in January that you can attend please list it here: 

..................................................................................... 

OR 

I would prefer to have my child’s ultrasound performed locally  

 

I can be contacted on this number to organise this ultrasound………………………………… 

 

We will be in touch via phone and/or letter to confirm your child’s appointment or organise the ultrasound to be 

performed locally.  

 

 

Thank you. 

 

Sincere regards from the research team, 

 

Sophie Jones      Professor Paul Monagle    

Anticoagulation Nurse Consultant   Professor Fiona Newall  

(03) 9936 6521 sophie.jones@rch.org.au   Associate Professor Warwick Butt 

 

 

  

  

mailto:sophie.jones@rch.org.au
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CVC PROJECT: 

CHILD’S CURRENT HEALTH QUESTIONS 

If you do not wish to attend the hospital for a follow up ultrasound, please answer the following questions and 

post them back to us in the envelope enclosed.   

 

CHILD’S NAME:..................................................................................... 

 

Your child had a central venous catheter (CVC) placed in their right/left neck/groin during their hospital 

admission.  

Can you please tick if your child currently has any of the following symptoms in the right/left arm/leg where their 

CVC was placed?  

Symptom Present 

 Pain or heaviness when using limb  yes      no  unsure       

 Swelling of limb yes      no  unsure       

 Change in skin colour of limb (i.e. purplish, red or blue) yes      no  unsure      

 Blood vessels visible under the skin  yes      no  unsure        

 Soreness when limb is touched  yes      no  unsure       

 Swelling of the head or neck yes      no  unsure      

 Varicose (bulging) veins or ulcers on the skin yes      no  unsure      

Pain in limb:  

 When resting yes      no  unsure       

 During normal activities (walking, shopping) yes      no  unsure       

 During exercise (running, soccer, swimming etc) yes      no  unsure       

Could you please measure the circumference (length around the limb) of both of your child’s upper arms/ thighs 

and calves and write the measurement here in centimetres?  

Right..............................  Left ............................ 

 

Do you have any other concerns regarding your child’s use of their right/left arm/leg? 

.........................................................................................................................................................................

...................................................................................................................................... 

If possible, could you also send us a recent photograph of the skin in the area around where your child had their 

CVC placed (neck/arms/legs). Your child’s face should not be included in the photograph. This photo will help us 

to assess if your child has any symptoms of Post Thrombotic Syndrome, such as swelling or extra, small blood 

vessels on the surface of the skin.  

Thank you for taking the time to answer these questions. Please post your answers back to us in the envelope 

provided or email to sophie.jones@rch.org.au . 

Sincere regards, 

Ms Sophie Jones, Prof Paul Monagle, Prof Fiona Newall, A/Prof Warwick Butt  

  

mailto:sophie.jones@rch.org.au
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12. Abstracts 

12.1 International Society of Thrombosis and Haemostasis Abstract 2015 – Accepted as a Poster presentation 

for ISTH, Toronto, June 2015 

Title: Asymptomatic thrombosis following the use of Central Venous Lines in children 

Author(s):  Sophie Jones1-4, Fiona Newall1-4, Warwick Butt1,5 and Paul Monagle1-3 

1 Department of Paediatrics, The University of Melbourne,  

 2 Haematology Research Group, Murdoch Children’s Research Institute, 

 3Department of Clinical Haematology, The Royal Children’s Hospital. 

4Department of Nursing, The University of Melbourne. 

5Paediatric Intensive Care Unit, The Royal Children’s Hospital. 

 

Key words:  catheter thrombosis, paediatric, post-thrombotic syndrome, venous thromboembolism,  

Background: Over 50% of thromboses in children are related to central venous lines (CVLs). The rate of 

complications, such as Post Thrombotic Syndrome (PTS), from asymptomatic CVL-related thrombosis is 

unknown and hence the importance of treating children with anticoagulation to prevent these sequelae is 

unclear.  

Aims: This study will determine the frequency and clinical outcome of asymptomatic CVL-related thrombosis 

in children and determine the frequency and severity of PTS following CVL placement in children. 

Methods: A prospective cohort study was conducted. 205 children admitted to a paediatric intensive care 

unit (PICU) requiring a CVL in the jugular or femoral veins participated. The study was approved by the 

hospital human research ethics committee and informed consent was obtained from all parents/guardians 

for their child’s participation. Each child had a (blinded) ultrasound of the blood vessel in which the CVL was 

placed during their admission. Clinical data and plasma were collected to determine risk factors for 

thrombosis and markers of thrombotic activity (Phase I). A second ultrasound and a PTS assessment will be 

performed approximately 24 months following CVL placement (Phase II). 

Results: Recruitment is complete and data collection and analysis of phase I data are underway. Of 379 

families approached, 205 patients consented for the study (54%). 48% of children were aged less than 1 year, 

with 80% of children having a cardiac diagnosis. Ultrasound imaging from 149 patients confirmed the 

incidence of CVL-related thrombosis was 22.1% (n=33). Only one patient was symptomatic.    

Conclusion: This study will determine both the incidence of symptomatic and asymptomatic CVL-related 

thrombosis in children in PICU and the incidence and severity of PTS. Additionally, this study will determine 

if there is or is not clinical value in performing routine ultrasound screening of all children with a CVL for the 

presence of thrombosis.   
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12.2 International Society of Thrombosis and Haemostasis Abstract 2015 – Accepted as a Poster presentation 

for ISTH, Toronto, June 2015 

Title: Asymptomatic Central Venous Line - related thrombosis in children: feasibility of conducting a clinical 
study 
Author(s):  Sophie Jones1-4, Fiona Newall1-4, Warwick Butt1,5 and Paul Monagle1-3 
1 Department of Paediatrics, The University of Melbourne,  
 2 Haematology Research Group, Murdoch Children’s Research Institute, 
 3Department of Clinical Haematology, The Royal Children’s Hospital. 
4Department of Nursing, The University of Melbourne. 
5Paediatric Intensive Care Unit, The Royal Children’s Hospital. 
Key words:  catheter thrombosis, paediatric, venous thromboembolism, imaging 
Background: Over 50% of thromboses in children are related to central venous lines (CVLs).Screening for CVL-
related thrombosis is not routinely performed and hence the rate of asymptomatic CVL- related thrombosis 
is unknown. Determining the natural history of asymptomatic thrombosis is challenging.  
Aims: To describe the feasibility of conducting ultrasounds (US), blinding results to the clinical team, for a 
study of asymptomatic CVL-related thrombosis in a paediatric intensive care unit (PICU).   
Methods: Collaboration with the medical imaging team was crucial to the completion of the US in PICU. The 
medical imaging team was involved in the development of guidelines for the imaging procedure. The US were 
incorporated into daily workload of sonographers and where possible, US occurred at suitable time for the 
patient. A five day timeframe was set for US to be performed to accommodate sonographers changing 
workload and patients’ clinical status. The researcher was in daily contact with sonographers and conducted 
information sessions with the PICU staff.  
Results: 205 patients consented for the study. US were completed for 149 patients. The table below provides 
the reasons US were not performed.  

US Data Collection  N=205  % 

US complete  149 72.7 

US not performed 39 19 

Ineligible after consent  17 8.3 

Reasons US not performed  N=39 
 

Dressing obstructed view of vessel 4 10.3 

Not completed in timeframe/ prior to 
discharge  

33 84.6 

Parent refused  2 5.12 

Conclusion: US is the gold standard for imaging and diagnosing internal jugular thrombosis; the most 
common site for CVLs in children. This study has demonstrated that performing blinded US in a clinical study 
is feasible. The timeframe for the US is a critical component to achieving feasibility. Such studies are crucial 
to understand the natural history of asymptomatic thrombosis in children, which in turn is crucial to enable 
proper risk benefit evaluation of any therapy.   
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12.3 International Society of Thrombosis and Haemostasis Abstract 2016 – Accepted as a poster presentation, 

ISTH Scientific Standardization Committee Montpellier, France, May 2016 

Title:  The incidence of thrombosis and PTS in children two years after central venous catheter placement 

Author(s):  Sophie Jones1-4, Tania Griffiths6, Tim Cain6, Fiona Newall1-4, Warwick Butt1,5 and Paul Monagle1-3 

1 Department of Paediatrics, The University of Melbourne,  

 2 Haematology Research Group, Murdoch Children’s Research Institute, 

 3Department of Clinical Haematology, The Royal Children’s Hospital. 

4Department of Nursing, The University of Melbourne. 

5Paediatric Intensive Care Unit, The Royal Children’s Hospital. 

6Medical imaging Department, The Royal Children’s Hospital.  

Key words:  Central venous catheter, children, thrombosis, post-thrombotic syndrome 

Background: Asymptomatic thrombosis associated with central venous catheters (CVCs) in children varies in 

incidence from 5-69%.  The rate of other long term complications, such as Post Thrombotic Syndrome (PTS), 

from asymptomatic CVC-related thrombosis is unclear.  

Aims: This study determined the frequency of asymptomatic CVC-related thrombosis in children and assessed 

the incidence and severity of PTS following CVC placement. 

Methods: A prospective cohort study recruited children admitted to a paediatric intensive care unit (PICU) 

requiring a CVC in the jugular or femoral veins. The study was approved by the hospital ethics committee and 

informed consent was obtained. Each child had a (blinded) ultrasound of the blood vessel in which the CVC 

was placed during their admission (Phase I). An ultrasound and a PTS assessment using two paediatric PTS 

tools were performed approximately 24 months following CVC placement (Phase II). 

Results:  205 children were recruited. Ultrasounds of 149 children at Phase I determined a 22.1% incidence 

of CVC-related thrombosis. Two children were symptomatic. Phase II ultrasounds of 115 children confirmed 

residual thrombosis in 13.2%  and vessel wall thickening in 14%. No radiological thrombosis extension or 

clinical embolization (including paradoxical emboli) occurred in the 123 children assessed at Phase II. A single 

sign or symptom of PTS was reported in 10 children, and more than one reported in 3 children, however none 

had any functional impairment. The overall mortality in the cohort was 7.4%, although none died from 

thromboembolic complications.  

Conclusion: Asymptomatic CVC thrombosis is common in children in PICU, however in two years of follow up 

we found no evidence of thrombosis associated mortality and minimal thrombosis associated morbidity. This 

suggests routine imaging for asymptomatic thrombosis is not warranted and that specific anticoagulant 

treatment of asymptomatic CVC thrombosis may also be unwarranted.  

  



 

 

312 

12.4 Australian New Zealand Intensive Care Society/ Australian College of Critical Care Nurses Intensive Care 

ASM 2016 – Accepted as an oral presentation, ANZICS/ACCCN, Perth, October 2016.  

Title:  Asymptomatic Central Venous Catheter Related Thrombosis In Children: Two Year Follow Up  

Author(s):  Ms Sophie Jones1-4*, Prof Fiona Newall1-4, Prof Paul Monagle1-3, Ms Tania Griffiths6, Dr Tim Cain6 

and A/Prof Warwick Butt1,5 

*lead/presenting author 

1 Department of Paediatrics, The University of Melbourne, Victoria, Australia 

 2 Haematology Research Group, Murdoch Children’s Research Institute, Victoria, Australia 

 3Department of Clinical Haematology, The Royal Children’s Hospital, Victoria, Australia 

4Department of Nursing, The University of Melbourne, Victoria, Australia 

5Paediatric Intensive Care Unit, The Royal Children’s Hospital, Victoria, Australia 

6Medical imaging Department, The Royal Children’s Hospital, Victoria, Australia 

 

Introduction: Asymptomatic thrombosis associated with central venous catheters (CVCs) in children varies in 
incidence from 5-69%. The rate of other long term complications, such as Post Thrombotic Syndrome (PTS), 
from asymptomatic CVC-related thrombosis is unclear.  
Study Objectives: This study determined the frequency of asymptomatic CVC-related thrombosis in children 
and assessed the incidence and severity of PTS following CVC placement.  
Methods: A prospective cohort study recruited children admitted to a paediatric intensive care unit (PICU) 
requiring a CVC in the jugular or femoral veins. Each child had a (blinded) ultrasound of the blood vessel in 
which the CVC was placed during their admission (Phase I). An ultrasound and a PTS assessment using two 
paediatric PTS tools were performed approximately 24 months following CVC placement (Phase II). 
Results: 205 children were recruited. Ultrasounds of 146 children at Phase I determined a 22.6% incidence of 
CVC-related thrombosis. Two children were symptomatic. Phase II ultrasounds of 120 children confirmed 
residual thrombosis in 13.3% and vessel wall thickening in 13.3%. No radiological thrombosis extension or 
clinical embolization (including paradoxical emboli) occurred in the 126 children assessed at Phase II. A single 
sign or symptom of PTS was reported in 10 children. Clinically significant PTS was reported in 3 children, 
however none had functional impairment. The overall mortality in the cohort was 7.4%, none died from 
thromboembolic complications.  
Conclusions: Asymptomatic CVC-related thrombosis is common in children in PICU, however in two years of 
follow up we found no evidence of thrombosis associated mortality and minimal thrombosis associated 
morbidity. The presence or absence of thrombus at initial screening ultrasound was not predictive for 
thrombus or PTS at 24 months, suggesting that routine imaging is of no value. Specific anticoagulant 
treatment of asymptomatic CVC-related thrombosis may also be unwarranted. 
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12.5 International Society of Thrombosis and Haemostasis Abstract 2017 – Accepted as an oral presentation, 
ISTH, Berlin, Germany, July 2017 
Title: Predictive factors for Central Venous Catheter-related thrombosis and long term sequelae 

Authors: Jones S, Rutgers J, Butt W, Newall F, Monagle P 

Background: Elevated D-dimer and Factor VIII levels are reported to predict poor outcomes, such as post 

thrombotic syndrome (PTS), in children with known thrombosis. Recently, an American cohort showed Factor 

VIII activity was predictive of asymptomatic central venous catheter (CVC)-related thrombosis in critically ill 

children. 

Aims: To determine if D-dimer, Factor VIII levels and the probability of death score (pim2) are predictive of 

asymptomatic CVC-related thrombosis and PTS in critically ill children. 

Methods: A prospective cohort study recruited children admitted to a paediatric intensive care unit (PICU) 

requiring a CVC. The study was approved by the hospital ethics committee and informed consent was 

obtained. Participants had a (blinded) ultrasound of the blood vessel in which the CVC was placed, plasma 

collection and clinical data was collected (phase I). PTS assessment and an ultrasound were performed 

approximately 24 months after CVC insertion (phase II).  

Results: Neither Factor VIII, D-dimer or the pim2 score were predictive of CVC-related thrombosis in our 

cohort (Table 1). There was a statistically significant difference in Factor VIII and D-dimer levels between 

children with CVCs placed in their femoral veins compared to those with jugular CVCs (Table 2). No increased 

risk of clinically significant PTS was found related to D-dimer levels (p=0.2, OR 1.029 (0.66 – 1.57)) and pim2 

scores (p=0.1).  

Factors Normal Thrombus P value (2 tailed) Odds ratio 

(95% CI) 

P value for 

OR 

Phase I 

Factor VIII 36 9 0.5^ 0.99 (0.98 – 

1.00)  
 

0.2 

D-dimer 111 32 0.2^ 1.06(0.9-1.26) 0.5 

PIM2 score > 109 31 0.1^ 1.02(0.99-

1.04) 

0.09 

Phase II 

Factor VIII 28 4 0.8^ 1.0(0.9-1.01) 0.9 

D-dimer 101 15 0.1^ 0.9(0.58-1.4) 0.6 

PIM2 score > 98 16 0.1^ 1.02 (0.98-

1.05) 

0.4 

Table 1. ^Mann Whitney U test; >Paediatric Index of Mortality 2 
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 Jugular CVC Femoral CVC P value 

n Median(range)/ 

Mean(SD) 

n Median(range)/ 

Mean(SD) 

 

 D-dimer 150 0.59 (0.27-10.83) 35 2.35 (0.27-20.0) <0.001* 

Factor VIII 48 160.5 (59-516) 8 259 (116-399) 0.007* 

PIM2 score 

> (%) 

146 1.92 (0.14-100) 34 3.2 (0.30-90.6) 0.035* 

Table 2. SD: standard deviation; *Mann Whitney U, >Paediatric Index of Mortality 2 

 

Conclusion:  

This study shows D-dimer, Factor VIII and pim2 scores not predictive of acute CVC-related 

thrombosis or PTS in critically ill children. Children with femoral CVCs represented a subgroup with 

overall higher acuity shown by a significantly higher pim2 score, elevated D-dimers and factor VIII 

levels. These characteristics among children with femoral CVCs in PICU indicate a higher risk of 

mortality and could be useful in future studies identifying populations at risk of thrombosis. 
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12.6 International Society of Thrombosis and Haemostasis Abstract 2017 – Accepted as an oral presentation, 

ISTH, Berlin, Germany, July 2017 

 

Title: External validation of Risk Prediction Models for Catheter-Associated Thrombosis in Critically Ill Children 

 

Authors: Rutgers J, Jones S, Monagle P, Newall F, Faustino EV 

 

Background: Risk prediction models for central venous catheter (CVC)-associated thrombosis in critically ill 

children were recently developed and internally validated using recursive partitioning (Model A) and logistic 

regression (Model B) methods with data from 3 centers in the United States (derivation cohort). The external 

validity of these models is unclear.  

 

Aim: To externally validate the risk prediction models using data from critically ill children admitted to an 

Australian center. 

 

Methods: Secondary analysis was performed in a prospective cohort study of critically ill children requiring a 

CVC (validation cohort). Predictive variables in the models (i.e., recent surgery, predicted risk of mortality, 

age, blood transfusion within 24H of CVC insertion and CVC location) were extracted from the study database. 

Discrimination and calibration of the models were expressed as areas under the receiver operating 

characteristic curves (AUROC) and Hosmer-Lemeshow chi-square test statistic, respectively. 

 

Results: 

Data from 146 children (median age, 8 mo.) were used. A total of 32 children developed CVC-associated 

thrombosis. Both models had poor discrimination (AUROC-Model A: 0.44 [95% CI: 0.24-0.54]; Model B: 0.49 

[95% CI: 0.37-0.61]). Model A (chi-square: 22.54, p<0.001), but not Model B (chi-square: 14.01, p=0.12), had 

poor calibration. Stratification based on heart disease, suggested that Model B had better discrimination in 

those without heart disease (AUROC: 0.59 [95% CI: 0.40-0.79] vs. 0.40 [95% CI: 0.26-0.54]). 

 

Conclusion: External validation should be performed to confirm the external validity of risk prediction 

models. The models for CVC-associated thrombosis performed poorly when validated in this Australian 

cohort, likely reflecting demographic variance between cohorts. Refining the risk prediction model using a 

larger cohort of children with a breadth of demographic variables is the next step in developing of a robust 

risk prediction model.  
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12.7 International Society of Thrombosis and Haemostasis Abstract 2017 – Accepted as a poster presentation, 

ISTH, Berlin, Germany, July 2017 

 

Title: The incidence and assessment of post-thrombotic syndrome in critically ill children two years post-

central venous catheter placement.  

Authors: Jones S, Rutgers J, Butt W, Newall F, Monagle P 

Background: Central Venous Catheters (CVCs) are associated with over 50% of thromboses in children. Post-

thrombotic Syndrome (PTS) is a long-term complication of thrombosis in children, which can impact quality 

of life. There is limited data regarding the epidemiology of PTS in children with CVC-related thrombosis, which 

is further confounded by the wide variance in published PTS rates within pediatric populations (6-64%). 

Aims: To determine the frequency and severity of PTS two years following CVC placement in critically ill 

children and to optimize the scoring criteria for the severity of PTS in children. 

Methods: 205 children admitted to a pediatric intensive care unit (PICU) with a CVC in situ participated in a 

prospective cohort study. Institutional ethics approval and informed consent were obtained. Approximately 

24 months after PICU admission and CVC placement, a PTS assessment was performed. Two validated 

pediatric PTS tools were used independently in conducting PTS assessments in each child: the Manco-

Johnson instrument (MJI) and the Modified Villalta scale (MVS). 

Results: 126 Children underwent PTS assessment. The same 13 children were classified as having PTS using 

the MJI and MVS. Two children met the criteria for clinically significant PTS using the MJI, whilst the MVS 

assessed all PTS cases as mild. The Cronbach’s alpha for the MVS and MJI was 0.989 and 0.935, respectively. 

Conclusion: The incidence of clinically significant PTS was 1.6% in this cohort, despite 10.3% of children having 

some degree of PTS. However, only the MJI assessed children to have clinically significant PTS. This raises the 

possibility that published estimates of PTS incidence in pediatric populations may overcall the clinical 

significance of this outcome measure. Based on the findings of this study, MJI may overcall the incidence of 

clinically significant PTS in younger children. As the MVS is less dependent on measuring pain, it may be more 

suitable for use in younger children. 

 

  



 

 

317 

12.8 International Society of Thrombosis and Haemostasis Abstract 2017 – Accepted as a poster presentation, 

ISTH, Berlin, Germany, July 2017 

Title: The association between Central Venous Catheter placement and Central Venous Catheter related 

Thrombus. 

Authors: Sophie Jones, Jikke Rutgers, Paul Monagle, Warwick Butt, Fiona Newall  

Background: Over 50% of thromboses in children are related to central venous catheters (CVCs). Recently, 

an increased focus upon concomitant risk factors for CVC-related thrombosis has emerged. 

Aims: To describe the contribution site of CVC placement has upon the incidence and sequelae of CVC-related 

Venous-Thromboembolism (VTE) in acutely unwell children during their pediatric intensive care unit (PICU) 

admission.  

 

Methods: A prospective cohort study recruited children admitted to a PICU requiring a CVC in the jugular or 

femoral veins. The study was approved by the hospital ethics committee and informed consent was obtained. 

Each child had a (blinded) ultrasound of the blood vessel in which the CVC was placed during their admission 

(Phase I). A second ultrasound was performed approximately 24 months following CVC placement (Phase II). 

Results: 21.9% of the children in our cohort developed a CVC-related VTE of which 6.2% (n=2) were 

symptomatic (both femoral CVCs). This study showed a significantly higher incidence of VTE in children with 

a femoral CVC at phase II (Table 1). The incidence of clinically significant Post Thrombotic Syndrome (PTS) in 

was 1.6% (n=2), occurring only in children with femoral CVCs. Despite 18.5% of children with jugular CVCs 

having radiologically confirmed thrombosis at Phase 1 (all asymptomatic), none developed clinically 

significant PTS.  

 

 Table 1 Femoral or Jugular CVC placement and CVC-related Thrombus at Phase I and Phase II 
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Conclusion: Children with a femoral CVC have a greater risk of residual CVC-related VTE approximately 2 

years post-CVC placement. The study demonstrated no risk of clinically significant PTS in children with 

asymptomatic jugular vein thrombosis. These findings suggest that children with femoral CVCs present a 

higher risk of clinically significant thrombosis and thrombosis-associated morbidity at follow up 2 years post 

CVC. 
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12.9 International Society of Thrombosis and Haemostasis Abstract 2017 – Accepted as a poster presentation, 

ISTH, Berlin, Germany, July 2017 

 

Title: Platelet count and Central Venous Catheter-related thrombosis in critically ill children: an observational 

study  

Authors: Rutgers J, Newall F, Monagle P, Jones S 

Background: There is a paucity of evidence within the literature regarding an association between platelet 

count and thrombosis, unrelated to Heparin-induced thrombocytopenia, in children. Given the known 

association between thrombocytopenia and acute thrombosis reported in adult studies, this represents a 

significant gap in understanding regarding the epidemiology of thrombosis in children. The increasing focus 

on developing risk prediction models for pediatric thrombosis justified exploration of concomitant 

thrombocytopenia in a population of children at risk of thrombosis due to the placement of a central venous 

catheter (CVC). 

Aims: To describe the trend of platelet counts in critically ill children who developed CVC-related thrombosis 

compared to those without thrombosis, during pediatric intensive care unit (PICU) admission.  

Methods: Secondary analysis will be performed on an Australian cohort of 146 children admitted to a PICU 

who required a CVC. Informed consent was obtained. All participants had an (blinded) ultrasound of the vein 

in which the CVC was placed during their PICU admission. As part of this secondary analysis, data regarding 

platelet counts were extracted from patients’ medical records.  Two data points were chosen for the platelet 

counts: day 1 and day 3 after CVC insertion, to generate an overview of the tendency of the platelet counts. 

The researcher remained blinded to CVC-related thrombosis outcome throughout data collection. 

Results: 56.2% (n=82) of children in this cohort were male, with a median age of 8 months. Data analysis 

regarding platelet counts is ongoing; preliminary data is presented in the table below. 

Table 1. Patient characteristics 
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Conclusion: The preliminary data show a decrease of platelet count in children with thrombosis in contrast 

to an increase in children without thrombosis. Further analysis will explore whether thrombocytopenia or a 

drop in platelet count could be used as predictive factors for thrombosis in children. 

  

 Thrombosis (N=32) No Thrombosis 

(N=114) 

Congenital heart 

disease present 

22 (68.8%) 87 (76.3%) 

Mean platelet count 

day 1 (*10^9 /L) 

208.0 200.9 

Mean platelet count 

day 3 (*10^9 /L) 

195.5 205.4 

Mean difference in 

platelet count  (*10^9 

/L) 

- 12.5 + 4.5 
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