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Abstract

Background: Children with intestinal failure (IF) are at risk of loss of vascular access

because of catheter-related venous thrombosis. Whether primary prophylactic anti-

coagulation is effective and safe in preventing catheter-related thrombosis is largely

unknown. Our aim was to assess the incidences of catheter-related venous thrombo-

sis and bleeding complications in children with IF receiving home parenteral nutrition

(HPN) treated with primary prophylactic anticoagulation.

Methods:All children, aged0–18years, treatedwithHPNat theEmmaChildren’sHos-

pital/Amsterdam UMC were followed from January 2007 to July 2019. All patients

were offered primary prophylactic anticoagulation from the start of HPN. The primary

outcomeswere catheter-related venous thrombosis andbleeding onprophylactic anti-

coagulation.

Results: In total, 55 (76%) of 74 patients received primary prophylactic anticoagula-

tion. Themedian age at the start of prophylaxis was 8.4 (interquartile range [IQR], 5.0–

55.7) months. Patients were followed for a median of 31.2 (IQR, 10.7–53.5) months,

with a total of 65,463 catheter days. The incidence of catheter-related thrombosis on

prophylactic anticoagulation was 0.2 per 1000 catheter days. In total, the incidence of

clinically relevant bleeding was 0.1 per 1000 catheter days. The median time to first

event was 1268 (IQR, 149–2014) days for thrombosis and 389 (IQR, 227–2912) days

for clinically relevant bleeding. Cumulative event-free survival after 5 years was 78%

for thrombosis.

Conclusions:Our study shows a low rate of catheter-related venous thrombosis and a

slightly elevated rate of clinically relevant bleeding in children receiving HPN and pri-

mary prophylactic anticoagulation.
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CLINICAL RELEVANCY STATEMENT

Catheter-related thrombosis can lead to a loss of venous access, which

is a potentially life-threatening complication for children with intesti-

nal failure receiving home parenteral nutrition. Prophylactic anticoag-

ulation could be an effective treatment in preventing catheter-related

thrombosis in this patient group. In themost recent guidelines, because

of insufficient evidence, primary prophylactic anticoagulation is not

advised for this patient group. A previous study showed a decrease in

catheter-related thrombosis after the initiation of prophylactic anti-

coagulation, and no bleeding was observed. This long-term follow-

up study presents incidence rates of catheter-related thrombosis and

bleeding events in a cohort of children with intestinal failure receiving

home parenteral nutrition and primary prophylactic anticoagulation. A

low incidence of catheter-related thrombosis and major bleeding was

observed, which suggests that primary prophylactic anticoagulation is

a safe and effective treatment. Further research is needed to identify

patients who benefit the most from primary prophylactic anticoagula-

tion.

INTRODUCTION

Intestinal failure (IF) in children is definedas the reductionof functional

gut mass below the minimum amount required for adequate digestion

and absorption to satisfy the body’s nutrient and fluid requirements for

adequate growth, development, and homeostasis.1 Parenteral nutri-

tion (PN) is necessary in patients with IF to achieve homeostasis, facili-

tate growth, and prevent death.

Home PN (HPN) is indicated in clinically stable children who are

expected to remain dependent on PN for ≥3 months and is preferably

administered via a tunneled central venous catheter (CVC).2,3 One of

the main complications associated with CVC use is catheter-related

thrombosis, which can lead to the loss of venous access, a severe and

potentially life-threatening complication since central venous access is

crucial forPNadministrationand survival.4 Lossof venousaccess is one

of themain indications for small-bowel transplantation.5

A number of mechanisms are responsible for the development of

catheter-related thrombosis. These include vessel wall injury by both

PN and the catheter, disruption of the blood flow by the catheter,

hypercoagulable state caused by deficient liver synthesis, chronic

inflammation, and the composition of PN.6 Recent studies in chil-

dren dependent on HPN who were not treated with anticoagulation

reported incidence rates for catheter-related thrombosis as high as

46% (duration of follow-up was not described) and 57% in 5 years.5,7

Known risk factors for the development of venous thrombosis in chil-

dren include CVC use, infection, cancer, inherited thrombophilia, type

of CVC, a catheter-to-vein ratio>0.45, and previous thrombosis.8,9

Catheter-related thrombosis can be prevented by primary prophy-

lactic anticoagulation. Primary prophylactic anticoagulation is recom-

mended inmost PN guidelines for adults.10 However, because of insuf-

ficient evidence in children, primary prophylactic anticoagulation at

the start of HPN was not recommended in the most recent pediatric

guideline.2 Secondary prophylactic anticoagulation in children depen-

dent on HPN is recommended after catheter-related thrombosis has

occurred.4 Two pediatric studies showed that prophylactic anticoagu-

lation in this population was safe and effective; however, the sample

size was small and the duration of follow-up was limited.11,12 We fol-

lowed 32 children receiving HPN between 1994 and 2010 and evalu-

ated the effect of the routine introduction of primary prophylactic anti-

coagulation in 2007. Cumulative thrombosis-free survival after 2 years

was70% in thenonprophylaxis group and93% in theprophylaxis group

(P= .047); bleeding complications did not occur.11

Thus, sufficient evidence is lackingon theeffectiveness and safetyof

primaryprophylactic anticoagulation in children receivingHPN. There-

fore, this study aims to describe the incidence of catheter-related

thrombosis and bleeding in childrenwith IF receivingHPNand primary

prophylactic anticoagulation. The secondary aim was to identify risk

factors for catheter-related thrombosis andbleeding. Since thrombotic

and bleeding events are rare, this long duration follow-up study will

enable a thorough evaluation of the effects of this intervention.

MATERIALS AND METHODS

Study design and ethics

Thiswas a single-center, retrospective, observational study. Theethical

review board of the AcademicMedical Center declared that this study

did not have to be reviewed by amedical ethics board, according to the

DutchWMOAct onmedical research with humans.

Patients

BetweenJanuary1, 2007, and July1, 2019, all childrenwith IFbetween

0 and 18 years of age who were treated with HPN and prophylactic

anticoagulation in the Emma Children’s Hospital/Amsterdam Univer-

sity Medical Center were included. This study is a long-term follow-up

of a previous study by Vegting et al.11 Patients were seen at least twice

a year at the outpatient clinic by a pediatric gastroenterologist and

dietitian; patients were monitored according to the latest guidelines.3

In addition, patients were counseled on prophylactic anticoagulation

by a pediatric hematologist.

Patients were followed from the start of their primary prophylactic

anticoagulation for HPN until they reached either the age of 18, cessa-

tion of HPN, time of death, or end of study observation period (July 1,

2019).

Exclusion criteria

Patients who did not receive primary prophylactic anticoagulation

were excluded from the analysis. Children with a malignancy were
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excluded, since malignancies are associated with increased risk of

thrombo-embolic complications.13

Central venous access management

At the Emma Children’s Hospital/Amsterdam University Medical Cen-

ter, all children dependent on HPN have been offered primary prophy-

lactic anticoagulation since March 2007. Prophylactic anticoagulation

became standard treatment for all patients receiving HPN from the

timeHPN training commenced because, at the end of 2006, two-thirds

of patients with HPN had at least one episode of catheter-related

thrombosis, with an incidence rate of 0.4 per 1000 catheter days.11

A cuffed and tunneled CVC was primarily used in all patients, with a

preferred CVC-to-vein ratio of 0.3 or lower at insertion. Parents and

patients, if applicable, received 7–10-day training in the hospital and

were taught howto safely care for theCVCandadministerPNandanti-

coagulation. Patients were discharged when the training was success-

fully completed.

Daily low-molecular-weight heparins (LMWHs), mostly nadroparin,

were themedicine of choice for prophylactic anticoagulation. Children

weighing <10 kg received 70 IU/kg/day, children weighing 10–20 kg

received 40 IU/kg/day, children with a weight between 20 and 30 kg

received950 IU/day, childrenweighing30–50kg received1900 IU/day,

and finally children >50 kg received 2850 IU/day. Anti-Xa levels 4 h

after dosing were checked every 6 months in all children, the target

level was between 0.1 and 0.3 IU/ml.

Some patients used a vitamin K antagonist as thromboprophylaxis

with an intended international normalized ratio (INR) between 2 and 3;

the daily dosage was prescribed by a specialized company that mon-

itored the INR. The vitamin K antagonist was prescribed based on

patients’ and parents’ preference, mostly in case of needle fear. Tau-

rolidine locks have been used since 2010 to prevent central line–

associated bloodstream infection in all patients, the lock was flushed

with saline prior to the administration of PN.

If patients had a bleeding event, prophylactic anticoagulation could

be temporarily stopped per the decision of the treating physician

at the time of presentation. If stopped, prophylactic anticoagula-

tion was restarted within 48 h if the patient’s status permitted

restart.

All patients received cyclic PN. The composition of PN was tai-

lored to patients’ individual needs and prescribed according to current

guidelines.3 All patients received vitamin K in their PN solution if they

received a lipid solution; if not, vitamin K was separately administered

intravenously.

Primary outcome

The primary outcome was catheter-related venous thrombosis,

defined as: (1) the absence of flow in the central venous system,

assessed by ultrasound, contrast-enhanced computed tomography

(CT), or magnetic resonance imaging (MRI) or (2) an echogenic intralu-

minal thrombus or a noncompressible segment in any of the central or

peripheral veins seen on ultrasound.11,14

Radiologic assessment was performed every 12–24 months or at

any clinical suspicion of venous thrombosis, such as CVC malfunction

or acute occlusion, or symptoms including pain, swelling, red-to-blue

discoloration, prominent collateral veins, or local increase in tempera-

ture of the head and/or extremities. The assessment was performed by

experiencedvascular ultrasonographyoperators. Standardassessment

entailed imaging of both sides of the head, neck, and arm veins.

In case of venous thrombosis, patients were treated with therapeu-

tic doses of LMWH or vitamin K antagonists for ≥3 months. An exten-

sion of an existing thrombus was considered a new thrombotic event

after therapeutic anticoagulation therapy was completed.

Safety outcome

The primary safety outcome was bleeding. Bleeding events occur-

ring during temporary perioperative discontinuation of prophylactic

anticoagulation were excluded. Bleeding events were categorized into

major bleeding, clinically relevant nonmajor bleeding, andminor bleed-

ing.

Major bleeding was defined as: (1) fatal bleeding; (2) bleeding

that was pulmonary, retroperitoneal, intracranial, or involved another

part of the central nervous system; (3) bleeding with a decrease in

hemoglobin of ≥2 g/dl (1.24mmol/L); or (4) bleeding that required sur-

gical intervention in an operating room.14,15

Clinically relevant nonmajor bleeding was defined as: (1) bleeding

requiring medical intervention from a healthcare professional or (2)

leading to hospitalization or an increased level of care.16,17

Clinically relevant bleeding was defined as major or clinically rele-

vant nonmajor bleeding.

Minor bleeding was defined as evidence of bleeding that does not

fulfill the criteria for clinically relevant nonmajor bleeding or major

bleeding.16

Secondary outcome

The secondary outcome was catheter occlusion, defined as failure to

administer PN, which requires an intervention, for example changing

the line.11

Data collection

The following parameters were collected from electronic medical

records: sex, age at the start of HPN, type of underlying disease neces-

sitating PN, duration of HPN, height and weight graphs, bowel charac-

teristics (ie, length of remaining small-bowel and presence of ileoce-

cal valve), number of catheters used, catheter survival, catheter type

and size, the vein in which the catheter was inserted, catheter-related

complications (specified above), type of cultured microorganism,
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starting date of prophylactic anticoagulation, type of prophylactic anti-

coagulant used, time to first thrombotic event, and the number of

thrombosed veins. The anti-Xa levelwas recorded at the timeof throm-

bosis or bleed,≤4weeks prior of the event if the patient used a LMWH.

The INRwas recorded at the time of thrombosis or bleed,≤3days prior

to the event if patients used a vitamin K antagonist.

At the time of bleeding, the following characteristics were summa-

rized: type of anticoagulant, whether the patient was receiving lipid

reduction (≤1g/kg/day) for IF-associated liver disease, andwhether the

patient had prolonged neonatal jaundice (>21 days for children born

after <37 weeks of gestation or >14 days for children born after ≥37

weeks of gestation).18

The outcomes of patientswhowere treatedwith secondary prophy-

lactic anticoagulation were reported separately.

Data analysis

The incidence rates of catheter-related thrombosis, bleeding, central

line–associated bloodstream infection, tunnel infection, pocket infec-

tion, and catheter occlusion were calculated and reported as the num-

ber of events per 1000 catheter days. Continuous data were summa-

rized as medians and interquartile ranges (IQRs), and categorical data

were presented as frequencies and percentages. The Kaplan-Meier

survival curves for the time to the first catheter-related thrombosis,

first clinically relevant bleeding, first central line–associated blood-

stream infection, and first catheter occlusion were calculated. Follow-

up data were censored at the end of observation.

Cox univariate regression analysis was used to analyze associations

between potential risk factors and the first catheter-related thrombo-

sis, presented as hazard ratios (HRs) with 95% CIs. Potential risk fac-

tors were age at start of HPN, age at start of prophylactic anticoag-

ulation, sex, underlying disease, and type of catheter. The Schoenfield

residuals and the log of time were plotted against each other to check

for violation of the proportional hazards assumption. Complete case

analysis was performed. Because of the violation of the proportional

hazards assumption, we could not perform Cox univariate regression

analysis to analyze the associations between potential risk factors and

clinically relevant bleeding.

Statistical analysis was performed with SPSS version 25.0.0.1 (IBM

Corporation, Armonk, NY, USA).

RESULTS

Patients

During the study period, a total of 74 patients with IF were treated

with HPN. Of these patients, 55 (26 girls, 47%) received primary pro-

phylactic anticoagulation and were included for analysis. The other 19

patients were excluded, as nine patients did not start any prophylaxis,

eight patients received secondary prophylaxis, and two had a malig-

nancy. The median age at the start of HPN was 8.4 months (IQR, 5.0–

TABLE 1 Patient characteristics of patients who received
prophylactic anticoagulation (n= 55)

Characteristics Values

Female sex 26 (47)

Age at the start of home PN, months 8.4 (5.0–55.3)

Home PN duration at the end of the

study, months

31.2 (10.7–53.5)

Age at the start of prophylactic

anticoagulation, months

8.4 (5.0–55.7)

Anti-Xa level (IU/ml) 0.23 (0.14–0.35)

Underlying disease

Short-bowel syndrome 24 (44)

Intestinal neuromuscular motility

disorder

14 (25)

Congenital enteropathy 7 (13)

Other 10 (18)

Note: All continuous data are presented as median (interquartile range), all

categorical data are presented as n (%).

Abbreviation: PN, parenteral nutrition.

55.3), the median age at the start of primary prophylactic anticoagula-

tion was 8.4 months (IQR, 5.0–55.7). The anti-Xa level was assessed a

total of 297 times during follow-up; the median anti-Xa level was 0.23

IU/ml (IQR, 0.14–0.35). Patient characteristics are presented inTable 1.

One (2%) patient died during follow-up, and no patients were lost to

follow-up. A total of 65,463 catheter days, divided over 184 catheters,

were studied. The median number of catheters per patient was three

(IQR, 1–4). The median catheter survival was 195 days (IQR, 76–

526). At the start of the study, 53 patients (96%) used a LMWH (95%

nadroparin, 2% dalteparin, and 2% enoxaparin) and two patients (4%)

used a vitamin K antagonist (all acenocoumarol). During the study

period, 21 patients (38%) were weaned fromHPN. In total, 12 patients

switched from a LMWH to a vitamin K antagonist. At the end of the

study (ie, the cessation of HPN), 41 children (79%) used a LMWH (95%

nadroparin, 2% dalteparin, and 2% enoxaparin) and 14 children (25%)

used a vitamin K antagonist (71% acenocoumarol and 29% fenpro-

coumon). In total, LMWHs were used for 55,616 days and vitamin K

antagonist for 11,617 days. Routine radiologic imaging was performed

151 times, corresponding with 2.3 per 1000 catheter days. The imag-

ing modalities used were: 139 duplex ultrasounds (92%), four cardiac

ultrasounds (3%), four CT angiographies (3%), three contrast venogra-

phies (2%) and one MRI (1%). No patient received an intestinal trans-

plant during the study period.

Outcomes

Catheter-related thrombosis

In total, 10 catheter-related thrombotic events occurred in eight

patients (14%) (Table 2). Four were completely occlusive thrombo-

sis, and six were partially occlusive thrombosis. The incidence of
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TABLE 2 Outcomes of 55 patients who received primary prophylactic anticoagulation

Outcome Events, n Patients, n (%)

Incidence rate

per 1000

catheter days

Time to first event,

median (IQR), days

Catheter-related thrombosis 10 8 (14) 0.2 1268 (149–2014)

All bleeding 16 10 (19) 0.2 374 (144–803)

Major bleeding 2 2 (6) 0.03 –

Clinically relevant bleeding 6 5 (9) 0.1 389 (227–2912)

Central line–associated bloodstream infection 71 24 (43) 1.1 214 (103–712)

Catheter occlusion 59 26 (46) 0.9 329 (133–624)

Tunnel infection 6 4 (7) 0.09 –

Pocket infection 2 1 (25) 0.5 –

Mortality 1 1 (2) 0.02 –

Note: The values in cells with “–” could not be calculated because of the low number of events.

Abbreviation: IQR, interquartile range.

catheter-related thrombosis was 0.2 per 1000 catheter days. The

median age at the time of first thrombosis was 4.6 years (IQR, 1.5–6.2).

Themedian time to the first thrombotic event after the start of primary

prophylactic anticoagulation was 1268 days (42 months) (IQR, 149–

2014). Cumulative thrombosis-free survival was 96% and 78% after 2

and 5 years, respectively (Figure 1A).

Eight (80%) catheter-related thrombosis events occurred on

LMWHs (0.14/1000 LMWH days) and two (20%) on vitamin K antag-

onists (0.17/1000 days of vitamin K antagonists). For six of the eight

catheter-related thrombosis events that occurred under LMWHs,

anti-Xa levels ≤4 weeks prior were known; one patient had an anti-Xa

level below target range (<0.1 IU/ml), the other five patients had

anti-Xa levels within target range (between 0.1 and 0.3 IU/ml). The two

patients who developed catheter-related thrombosis under vitamin K

antagonists all had INR levels available≤3 days prior the incident; both

patients had an INRwithin target range.

Catheter-related thrombosis was diagnosed by duplex ultrasound

in seven cases (70%), by contrast venography in two cases (20%), and

by cardiac ultrasound in one case (10%). In four cases (40%), catheter-

related thrombosiswas asymptomatic andwas diagnosed after routine

screening.

At end of follow-up, a total of nine vascular access sites were com-

pletely occluded in five of the eight patients who experienced a throm-

botic event. Because of the therapeutic anticoagulation, the patency of

five vascular access sites could be restored.

As presented in Table 3, no significant predictor for the first throm-

botic event was identified.

Bleeding

In total, two (13%) major bleeding, four (25%) clinically relevant non-

major bleeding and 10 (63%) minor bleeding events occurred in a total

of 10 patients (18%). No fatal bleeding occurred. The incidences of clin-

ically relevant andmajor bleedingwere 0.1 and 0.03 per 1000 catheter

days, respectively. The incidence for overall bleeding was 0.2 per 1000

catheter days. Themedian time to the first bleeding eventwas374days

(IQR, 144–803) for overall bleeding and 389 days (IQR, 227–2912) for

clinically relevant bleeding. The cumulative survival after 2 and 5 years

was 81% and 73% for overall bleeding and 93% and 93% for clinically

relevant bleeding, respectively (Figure 1B).

All two major bleeds occurred in patients receiving LMWH pro-

phylaxis. Localization of the major bleeds was twice in the lower gas-

trointestinal tract, with an anti-Xa level of 0.2 IU/ml in one case and

unknown in the other case. Bleeding spontaneously resolved without

intervention, apart from red cell transfusion. Neither of the two major

bleeds occurred in a patient who received a reduced lipid dose to treat

IF-associated liver disease; prothrombin time (PT) was not altered in

either case.

In total, four clinically relevant nonmajor bleeds occurred, three of

which were gastrointestinal bleeds and one was a case of epistaxis.

LMWH was the used prophylactic anticoagulant in all four cases of

clinically relevant nonmajor bleeding. In three cases, the anti-Xa level

was within range, and in one case it was above the target range (0.1–

0.3 IU/ml). At the time of two clinically relevant nonmajor bleedings,

patients received a reduced lipid dose to treat IF-associated liver dis-

ease and were at risk for vitamin K deficiency and liver synthesis

impairment. PTwas not altered in either case.

Of the 10 minor bleeds, seven were epistaxis, two were gastroin-

testinal, and one was a subcutaneous bleed at the LMWH injection

site.

Secondary outcomes

In total, 59 catheter occlusions occurred in 26 patients (46%), with an

incidence rate of 0.9 occlusions per 1000 catheter days. The median

time to the first occlusion was 329 days (IQR, 133–624). Cumulative

occlusion-free survival after 2 and 5 years was 56% and 20%, respec-

tively.
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F IGURE 1 Survival functions for the time to the first catheter-related thrombosis and the time to the first clinically relevant bleeding episode.
(A) Survival function for the time to the first catheter-related thrombosis. (B) Survival function for the time to the first clinically relevant bleeding

TABLE 3 Univariate Cox regression for the predictors of first catheter-related thrombosis

Determinant Hazard ratio 95%CI P-value

Age at the start of home PN 0.98 (0.95–1.02) .283

Age at the start prophylactic anticoagulation 0.98 (0.95–1.01) .246

Female sex (reference: male) 1.24 (0.31–4.97) .762

Underlying disease short-bowel syndrome (reference: other) 0.67 (0.17–5.34) .735

Underlying disease intestinal neuromuscular motility disorder (reference: other) 0.67 (0.10–3.23) .744

Underlying disease congenital enteropathy (reference: other) 0.01 (0.00–0.01) .981

Catheter type PICC (reference: cuffed and tunneled CVC) 1.01 (0.00–∞) 1.000

Catheter type implantable port (reference: cuffed and tunneled CVC) 1.06 (0.00–∞) 1.000

Abbreviations: CI, confidence interval; CVC, central venous catheter; PICC, peripherally inserted central catheter; PN, parenteral nutrition.
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Secondary prophylactic anticoagulation

Eight patients had previous thrombosis prior to study entrance and

received secondary prophylactic anticoagulation for a total of 21,070

catheter days. Eight thrombotic events occurred in four patients (50%),

the incidence per 1000 catheter days was 0.4. In total, 16 bleed-

ing events occurred, of which 13 were clinically relevant bleeds,

corresponding with 0.8 and 0.6 events per 1000 catheter days,

respectively.

DISCUSSION

This study shows low incidence rates of venous thrombosis complica-

tions in pediatric patients dependent on HPN who received primary

prophylactic anticoagulation over a 15-year period. The observed inci-

dence rate for clinically relevant bleeding in our cohort was compara-

ble, with a low incidence of major bleeding.

The incidence of catheter-related thrombosis in children receiv-

ing HPN has been reported to range from 1% to 80%, with the

highest frequencies of thrombosis in studies that used venography

imaging for diagnosis and the lowest frequencies in studies in which

thrombosis was diagnosed only by clinical symptoms.4,17 A previous

evaluation of this cohort showed that prophylactic anticoagulation

significantly reduced the risk of catheter-related thrombosis with a

5-year cumulative thrombosis-free survival of 48% in the nonpro-

phylaxis group (27 children) and 93% in the prophylaxis group (18

children).11 Follow-up time after the start of prophylactic anticoagula-

tion was 3 years. In this study, ultrasound was used to diagnose throm-

bosis. Newall et al showed no new thrombosis in a cohort of eight chil-

dren with chronic IF using oral warfarin as prophylactic anticoagula-

tion (six patients had thrombosis prior to study start); patients were

observed for a median of 817 days (range: 186–1025 days).12 Patients

were screened for thrombosis at the start of the study but not rou-

tinely re-imaged during the study. The current study showed a rate of

thrombosis that was higher compared with the previous two studies,

which couldbedue to the longer follow-updurationand regular routine

screening.

Previous studies on the occurrence of thrombosis in patients with

IF without prophylactic anticoagulation report higher percentages of

thrombosis when compared with this cohort. In our previous study,

the cohort that did not receive prophylaxis developed 0.4 thrombotic

events per 1000 catheter days, higher than the incidence reported

in this study. Asouzu et al reported on 65 children with chronic IF,

of whom 37 (73%) had short-bowel syndrome, who did not receive

prophylactic anticoagulation.5 Of these, 30 children (46%) developed

thrombosis. The duration of follow-up was not recorded in this study.

Gonzalez-Hernandez et al conducted a retrospective review over 5

years and reported 17 thrombosis diagnoses in 30 children (57%) with

chronic IF and HPN who did not use prophylactic anticoagulation.7

Kakzanov et al presented a review on the epidemiology of thrombo-

sis in patients with long-term PN and reported between 4% and 75%

of patients experienced a thrombotic event, with the lowest percent-

ages described in studies that reported on symptomatic events that

seemed to underestimate the rate of thrombotic events.19 Incidence

rates reported in long-term follow-up studies of patients with IF range

from 0.2 to 1.7 per 1000 catheter days; no statement on the usage of

prophylactic anticoagulation was presented in these studies.20,21

In a cohort study with 236 adult patients with IF and HPN, 181

of whom received prophylactic anticoagulation, Barco et al showed a

mild, but not statistically significant, reduction in symptomatic, objec-

tively diagnosed venous thrombosis events in patients receiving anti-

coagulation comparedwith no anticoagulation (adjustedHR, 0.72; 95%

CI, 0.36–1.44).22 These patients were followed for a total of 684.1

patient years, and prophylactic anticoagulation was used for 452.4

patient years. Long-term LMWH was used in 69 (38.1%) patients and

97 (53.6%) patients received a vitamin K antagonist; for both agents,

no target level was stated. The authors do not report whether patients

were regularly screened for thrombosis.

The most important complications of anticoagulation are bleeding

complications. Newall et al reported no major bleeding complications

in their cohort of eight children with chronic IF who used oral war-

farin as prophylactic anticoagulation.12 Vegting et al did not report

any bleeding complicationswhen children used prophylactic LMWHas

well.11 In a randomized clinical trial among 158 children with a CVC

for oncological disease,Massicotte et al reported nomajor bleedings in

the LMWH group and one major bleeding in the standard care group

during the 30-day study period.23 Furthermore, they reported minor

bleedings in 48 of 90 (53%) patients in the LMWH group and in 41 of

94 (44%) patients in the standard care group. In studies on secondary

prophylactic anticoagulation in children with IF, different results with

regards to bleeds are observed. McLaughlin et al reported no bleeds

in a cohort of 18 children treated with secondary prophylactic antico-

agulation for ≤18months after the start of anticoagulation.24 Schmidt

et al reported on the effect of short-term (≤3 months) or long-term

(until line removal) anticoagulation after thrombosis and found that

15% of patients (2 of 13) in the short-term and 8% of the patients in

the long-term group (2 of 26) experienced a clinically relevant nonma-

jor bleed.25 Klaassen et al performed a systematic review on the safety

of prophylactic LMWHs used in pediatric patients. They showed that

in 18 studies on 1286 children, eight major bleeding events (0.6%; 95%

CI, 0.2%–1.0%) were reported; no duration of follow-up is described.

Regarding clinically relevant nonmajor bleeding, datawere available on

358 children that showed no event.26 Barco et al showed a 2.4-fold

increased risk of major bleeding in their adult cohort when patients

used an anticoagulant (type of anticoagulant not specified) compared

with patients who did not.22 Our study showed a higher incidence of

bleeding compared with previous literature. This could be due to our

longer follow-up duration. Also, our cohort consisted of a higher pro-

portion of patients who have intestinal neuromuscular disorders and

congenital enteropathies. These children are known to receive PN for

a longer duration, are less likely to wean from PN, and show lower

survival.30 These complex patients might be more prone to bleeding

because of, for example, IF-associated liver disease. Since most bleeds

were under LMWH prophylaxis, the higher incidence of bleeding can-

not be attributed to the use of vitamin K antagonists in our cohort. The
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highnumberof gastrointestinal bleeds inour cohort couldbedue to the

fact that the majority of patients underwent multiple gastrointestinal

surgeries. Their complicated bowels are at risk of, for example, staple-

line ulceration.

Catheter occlusion is another frequentCVC complication that often

results in hospitalization to restore catheter function. Vegting et al

reported 2.6 and 0.1 occlusions per 1000 catheter days in the non-

prophylaxis and prophylaxis groups in their pediatric HPN cohort,

respectively.11 Our occlusion rate was higher when comparedwith the

prophylaxis group described by Vegting et al. Since the median time to

first occlusion was 329 days, our longer follow-up duration does not

explain this observed difference.

Compliancewithmedication is vitalwith regard toprophylactic anti-

coagulation. During each outpatient consultation, parents are actively

asked about problems with regard to compliance. We did not find evi-

dence of noncompliance, except for two patients who were receiving

secondary prophylactic anticoagulation and experienced a thrombotic

event during a period of noncompliance tomedication.

In contrast to primary prophylactic anticoagulation, secondary pro-

phylactic anticoagulation until catheter removal, after a first throm-

botic event, is advocated by the most recent guidelines on PN.4 We

observed a higher incidence of thrombotic events in the patients who

received secondary prophylaxis when compared with the patients

who received primary prophylaxis. This finding supports the cur-

rent practice on secondary prophylaxis. The high number of bleeds

found in the secondary prophylaxis group, however, is disconcert-

ing and warrants close monitoring of patients and active counseling

of parents with regard to the more frequent bleeds. The high num-

ber of events in this selected group could be due to a coagulation

disorder, however, no case of thrombophilia was identified in these

patients.

The strengths of this study are the inclusion of consecutive patients,

routine ultrasound screening, a relatively long follow-up duration, and

a uniform primary prophylaxis regimen. The limitations of our study

were the retrospective nature and the limited number of patients.

Lastly, no comparison group was included, as all patients were offered

primary prophylaxis. Comparisonwith the childrenwhodid not receive

primary prophylactic anticoagulation in our center was not possible

becauseof different patient characteristics. Furthermore, some throm-

botic events might be missed in patients who were weaned from PN

and were not imaged upon removal of their CVC. However, this is sus-

pected to be a small risk, as all patients were screenedwithin 6months

of weaning and 15 of the 21 patients who weaned were screened

within 1month of weaning.

Several aspectswith regard to primary prophylactic anticoagulation

were not studied in this cohort that should be studied in future trials

in order to advocate widespread primary prophylactic anticoagulation.

First, future studies should be comparative, including patients both on

and off primary prophylactic anticoagulation. Second, the costs asso-

ciated with this practice and the number of patients needed to treat

to prevent one thrombotic event are vital outcomes that should be

addressed. Furthermore, the effect of daily injections onhealth-related

quality of life (HRQOL) should be studied. No data on the effect of

LMWH injections onHRQOL could be identified in studies on children.

However, an ongoing study on the effect of LMWH prophylaxis in chil-

dren treated for acute lymphoblastic leukemia will assess the burden

of injections on daily life.27 Up to now, no evidence of a positive or neg-

ative effect of vitamin K antagonists on bone mineral density has been

found in a large meta-analysis.28 However, as patients with chronic IF

frequently show decreased bone mineral density, the effect of vitamin

K antagonists on bonemineral disorder should be studied.29

The finding that 40% of the thrombotic events observed in our

cohort were asymptomatic and diagnosed during routine screen-

ing supports the need for routine, annual screening for catheter-

related thrombosis, as advocated by the recently updated guideline

on PN.2,3

As we observed low incidences of thrombosis and major bleeding

in our cohort during long-term follow-up, primary prophylactic anti-

coagulation in children with chronic IF who receive HPN seems effec-

tive and safe. However, because of the low number of events, we were

not able to identify clear determinants for the occurrence of thrombo-

sis. We therefore need multicenter studies with higher patient num-

bers to identify patients at highest risk of thrombosis and especially

bleeding. In the meanwhile, caution should be applied when patients

experience a coagulation disorder or concomitant liver function

abnormalities.

In conclusion, this long-term follow-up study shows a low rate of

catheter-related thrombosis and a slightly elevated rate of clinically

relevant bleeding in children with IF receiving HPN who use primary

prophylactic anticoagulation,when comparedwith previous studies. To

further confirm these findings and to identify determinants for treat-

ment success and adverse events, such as bleeding, further research is

required.
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