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Abstract: Although central venous catheter (CVC)-related thrombosis (CRT) is a severe complication
of home parenteral nutrition (HPN), the amount and quality of data in the diagnosis and management
of CRT remain low. We aimed to describe current practices regarding CVC management in French
adult and pediatric HPN centers, with a focus on CVC obstruction and CRT. Current practices
regarding CVC management in patients on HPN were collected by an online-based cross-sectional
survey sent to expert physicians of French HPN centers. We compared these practices to published
guidelines and searched for differences between pediatric and adult HPN centers’ practices. Finally,
we examined the heterogeneity of practices in both pediatric and adult HPN centers. The survey
was completed by 34 centers, including 21 pediatric and 13 adult centers. We found a considerable
heterogeneity, especially in the responses of pediatric centers. On some points, the centers’ responses
differed from the current guidelines. We also found significant differences between practices in adult
and pediatric centers. We conclude that the management of CVC and CRT in patients on HPN is
a serious and complex situation for which there is significant heterogeneity between HPN centers.
These findings highlight the need for more well-designed clinical trials in this field.

Keywords: chronic intestinal failure; venous thrombosis; central venous catheter thrombosis; catheter
obstruction

1. Introduction

The prognosis of patients with chronic intestinal insufficiency has greatly improved
since the development of home parenteral nutrition (HPN) [1,2]. A central venous access
is mandatory for the perfusion of hyperosmolar fluids required to achieve nutritional
goals. The main complications of HPN are related to these vascular accesses, the most
frequent being infectious and mechanical complications such as occlusion (thrombotic or
not), thrombosis, extravasation, breakage, and migration [3]. The presence of a central
venous catheter (CVC) is a significant risk factor for thrombosis, especially in children [4].
The incidence of CVC-related deep vein thrombosis (CRT) is not precisely defined in
children on HPN, ranging from 1% to 75% in the literature [3,5]. It is better documented in
adults with an incidence rate around 0.045 episode/year in the first year following catheter
insertion [6]. CRT is associated with significant morbidity, and can lead to loss of venous
access, a critical situation for patients on long-term HPN. In children, repermeabilization is
observed in only half of CRTs, and a post-thrombotic syndrome develops in 30% of them [4].
In adults, 15 to 36% of CRTs are complicated by pulmonary embolism and can be followed
by post-thrombotic syndrome in up to 46% of cases [6].
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Venous thrombosis, a relatively common event in adults, has been studied extensively,
leading to guidelines based on a strong level of evidence [7]. However, of these, few
concern CVC occlusions and CRTs in patients with HPN and randomized clinical trials
on this specific issue are scarce in the literature. Nevertheless, the European Society for
Clinical Nutrition and Metabolism published guidelines [2,8] on the particular situation of
CVC occlusion and CRTs in adult HPN patients.

On the other hand, venous thrombosis is a quite rare event in children [9,10], and has
been less investigated in pediatrics. In 2012, the American College of Chest Physicians
(ACCP) published guidelines for the management of thrombosis in children [11], which
were completed in 2018 by the American Society of Hematology [12]. European guidelines
have been recently published more specifically on thrombosis in children on HPN [3].
However, randomized controlled intervention trials are lacking in this field, and these
guidelines mostly rely on the extrapolation from adult studies and expert opinion.

The main objective of our study was to look at current practices in the management
of CVC via a survey in French HPN centers, especially regarding CVC obstruction and
thrombosis. The secondary objectives were to assess the implementation of guidelines and
to compare practices between pediatric and adult HPN centers.

2. Materials and Methods

Data regarding the management of CVCs and CRT in patients on HPN were collected
using an online-based survey proposed to HPN centers, members of the MaRDi (Maladies
Rares Digestives), a French network on rare digestive diseases, belonging to the FIMATHO
network, itself part of the European Rare Disease ERNICA network. The questionnaire was
sent to 31 pediatric centers and 22 adult centers.

The questionnaire was created by a working group of the MaRDi network. After a
review of the literature, items were discussed among members of the working group, and
modifications were added. After several rounds of discussion, the final version of the
questionnaire (see File S1, Supplementary Materials) included 24 questions divided into
5 parts: venous access characteristics, patients’ follow-up modalities, management of CVC
obstructions, management of the thromboembolic risk, and management of catheter-related
venous thrombosis. Although CRTs were our focus, we considered it essential to obtain
information on CVC characteristics and management and on CVC obstructions as they are
part of the spectrum of catheter thrombosis.

It was tested and timed by two physicians. The response time ranged from 8 to 10 min
and no formulation or semantic problems were identified.

The online survey was then released by e-mail in May 2019 to one corresponding
physician per each HPN center of the MaRDi network. All correspondents were permanent
physicians, designated as referents for HPN in their centers. To maximize the response rate,
the online survey remained open for a 10-month period during which 3 reminders were
sent out by email.

The results are presented in tables distinguishing answers between adult and pediatric
centers. Quantitative variables were described as mean ± standard deviation (SD) when
distribution was normal, or median with interquartile ranges (IQR) otherwise. Qualitative
variables were described as a percentage of the total population. Qualitative variables were
compared between adult and pediatric centers using χ2 with correction for continuity, or an
exact Fisher’s test if the χ2 conditions were not met. Quantitative variables were compared
between adult and pediatric centers using the Student’s t-test when there was equality
of variance between the groups and when they followed a normal distribution. When
their distribution did not follow a normal distribution, the Mann–Whitney test was used if
variance between groups was equal and the Welch’s test if not. To assess heterogeneity, the
rate of consensus among centers was calculated for each of the 34 qualitative questions in
the survey. It was considered that a consensus was obtained for an item when the same
answer to the question was given by 80% of centers or more. Below 80% of the same answer,
it was concluded that there was heterogeneity of practices on this item. This heterogeneity
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was assessed separately for pediatric and adult centers. Analyses were performed with
RStudio version 3.5.0 (RStudio, PBC, Boston, MA, USA) and the Jamovi 1.2 graphical
interface (The jamovi project, Sydney, Australia). Differences with a p value of less than
0.05 were considered statistically significant.

3. Results
3.1. Participation Rate

The survey was completed by 34 centers (64% response rate), including 21/31 (68 %)
pediatric centers, and 13/22 (59%) adult centers. Of the physicians who completed the
survey, seven (21%) had a Ph.D.

3.2. Characteristics of Venous Access

The centers’ responses regarding venous access characteristics in patients on HPN are
summarized in Table 1.

Table 1. Venous access characteristics.

Question Pediatric Centers (n = 21) Adult Centers (n = 13) p

CVC type 0.02
Tunneled catheter only

All types (tunneled, PICC line, implantable port) a
9 (43%) 0 (0%)
12 (57%) 13 (100%)

Tunneled catheter insertion
Anesthesiologist 14 (67%) 4 (31%) 0.092

Radiologist 0 (0%) 10 (77%) <0.01
Surgeon 11 (52%) 5 (38%) 0.66

Control after CVC insertion 0.46
Image intensification 12 (57%) 8 (62%)

Chest X-ray 0 (0%) 1 (8%)
Both 9 (43%) 4 (31%)

Use of a clamp 0.33
Always 12 (57%) 7 (54%)

Sometimes 1 (5%) 3 (23%)
Never 8 (38%) 3 (23%)

Use of positive pressure bidirectional valves 0.50
Always 15 (71%) 7 (54%)

Sometimes 4 (19%) 4 (31%)
Never 2 (10%) 2 (15%)

Use of antibacterial filters 0.03
Always 10 (48%) 1 (8%)

Sometimes 3 (14%) 2 (15%)
Never 8 (38%) 10 (77%)

a Consensus in adult centers, CVC: central venous catheter, PICC: peripherally inserted central catheter.

Tunneled catheters were the only CVC type used by 43% of the pediatric centers, while
57% of the pediatric centers and all the adult centers used various CVC types (p = 0.02).
In the pediatric centers, tunneled CVCs were inserted by either anesthesiologists (67%
of centers) or surgeons (52% of centers). Radiologists were not involved in the pediatric
centers, while they were the most frequently cited specialists in the adult centers (77%)
(p < 0.01). Antibacterial in-line filters were always used in half of the pediatric centers,
and never used in 77% of the adult centers (p = 0.03). The frequency of use of a catheter
clamp or of positive pressure bidirectional valves was not different between the adult and
pediatric centers.

As shown in Table 1, there was no consensus among the pediatric centers on any
question about venous access characteristics. The adult centers agreed on one (CVC type
used).
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3.3. Patient Follow-Up Modalities

The centers’ responses regarding follow-up modalities of patients on HPN are sum-
marized in Table 2.

Table 2. Patient follow-up.

Question Pediatric Centers (n = 21) Adult Centers (n = 13) p

Patient or caregiver education in detecting complications
such as obstruction and thrombosis 0.85

Always
Sometimes

14 (67%) 10 (77%)
2 (10%) 1 (8%)

Never 5 (24%) 2 (15%)

Venous Doppler ultrasound prescription 0.37
Never 1 (5%) 0 (0%)

Systematic (annual) 3 (14%) 0 (0%)
On certain indications b 17 (81%) 13 (100%)

Chest X-ray prescription 0.23
Never 1 (5%) 1 (8%)

Systematic (annual) 7 (33%) 1 (8%)
On certain indications a 13 (62%) 11 (85%)

Angio-CT prescription 0.20
Never 9 (43%) 2 (15%)

On certain indications a 12 (57%) 11 (85%)

Angio-MR prescription 0.88
Never a 16 (76%) 11 (85%)

On certain indications 5 (24%) 2 (15%)

Blood sampling site <0.01
Central (catheter) p 19 (90%) 2 (15%)

Peripheral 2 (10%) 10 (77%)
Missing answer 0 (0%) 1 (8%)

a Consensus in adult centers. b Consensus in both adult and pediatric centers. p Consensus in pediatric centers.
CT: computed tomography. MR: magnetic resonance.

Patients were followed-up every 3 months (IQR: 2; 3) in the pediatric centers and every
3.5 months (IQR: 3; 4.9) in the adult centers (p = 0.01). Blood sampling was systematically
performed via the CVC in 90% of the pediatric centers, whereas 77% of the adult centers
preferred peripheral sampling (p < 0.01). Most centers provided education to the patient or
their caregiver in order to detect complications such as CVC obstruction or CRT. All the
centers except three (one pediatric and two adult) reported that they did not systematically
change tunneled CVCs in the absence of complications. Routine imaging prescription
was not significantly different between the adult and pediatric centers. Systematic annual
prescription of an imaging examination was unusual, except for chest X-rays in a third of
the pediatric centers. In both adults and pediatrics, magnetic resonance (MR) angiography
was almost never prescribed. More information regarding the choice of imaging according
to each clinical situation is provided in the Supplementary Materials (Table S1).

Regarding the questions listed in Table 2, there was a consensus in both the pediatric
and adult centers on one question (venous Doppler ultrasound prescription), only in the
pediatric centers on one question (blood sampling site), and only in the adult centers on
three questions (chest X-ray, computed tomography (CT) and MR angiography use).

3.4. Management of CVC Obstruction

The centers’ responses regarding the management of CVC obstruction in patients on
HPN are summarized in Table 3.
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Table 3. Management of CVC obstruction.

Question Pediatric Centers (n = 21) Adult Centers (n = 13) p

Protocol for restoring CVC patency b 19 (90%) 13 (100%) 0.69

Imaging prescription 0.868
No 12 (57%) 6 (46%)

Before the procedure for patency restoration 8 (38%) 6 (46%)
After the procedure for patency restoration 1 (5%) 1 (8%)

Molecule for restoring CVC patency 0.20
Urokinase a 14 (67%) 12 (92%)

Other 7 (33%) 1 (8%)
a Consensus in adult centers. b Consensus in both adult and pediatric centers.

In the situation of CVC obstruction, no imaging examination was systematically
performed by nearly half of the pediatric or adult centers. Of the nine pediatric centers
performing imaging, eight cited chest X-ray and four cited venous Doppler ultrasound
(d-US). Among the seven adult centers performing routine imaging in this situation, five
centers cited d-US and four centers cited chest X-ray. For occluded CVCs, in the case of
a failed restoration of patency procedure, 17 pediatric centers (81%) and 9 adult centers
(69%) did not immediately change the CVC but attempted several more procedures to
restore CVC patency (p = 0.43). The median maximum number of additional attempts
before changing the CVC was 2 (IQR: 1; 3) in children and 1.5 (IQR: 0; 2) in adults (p = 0.12).

Regarding the chosen molecule for restoring CVC patency, other responses than
urokinase were as follow: alteplase (five pediatric centers), streptokinase (one adult center),
and missing answers (two pediatric centers).

Regarding the three questions listed in Table 3, there was a consensus in both the
pediatric and adult centers on one question (protocol for restoring CVC patency) and only
in the adult centers on one question (molecule for restoring CVC patency).

3.5. Management of the Thromboembolic Risk

The centers’ responses regarding the management of the thromboembolic risk in
patients on HPN are summarized in Table 4.

Table 4. Thromboembolic risk.

Question Pediatric Centers (n = 21) Adult Centers (n = 13) p

Search for thrombophilia before HPN onset 0.76
Systematic

Specific indications
1 (5%) 1 (8%)
2 (10%) 0 (0%)

Never b 18 (86%) 12 (92%)

Search for thrombophilia after a diagnosis of CRT 0.02
Systematic 15 (71%) 3 (23%)

Specific indications 5 (24%) 7 (54%)
Never 1 (5%) 3 (23%)

Thromboprophylaxis indications a 7 (33%) 2 (15%) 0.45

Long term full-dose anticoagulation
Persistent thrombosis 7 (33%) 7 (54%) 0.41

Thrombophilia 7 (33%) 8 (62%) 0.21
a Consensus in adult centers. b Consensus in both adult and pediatric centers.

Searching for thrombophilia was rarely performed systematically before HPN onset.
Two pediatric centers reported doing so only in the case of an unstable inflammatory disease.
After a diagnosis of CRT, it was systematically performed in 71% of the pediatric centers
and 23% of the adult centers (p = 0.02). In five pediatric centers, the specific indications
of thrombophilia searching after a diagnosis of CRT were the presence of other clinical
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features suggesting thrombophilia (repeated thrombosis, atypical localization, etc.) or the
absence of catheter-related bloodstream infection (CRBSI), known as a CRT risk factor. In
seven adult centers, the specific indications for thrombophilia searching after a diagnosis
of CRT were multiple, extended, or repeated thrombosis, thrombosis without additional
risk factors, and ischemic patients.

The diagnosis of thrombophilia resulted in a long-term full dose anticoagulation
regimen in 33% of the pediatric centers and 62% of the adult centers (p = 0.21).

Of the 21 pediatric centers, 7 (33%) reported performing primary preventive antico-
agulation in the case of thrombophilia (4 centers), loss of venous access due to multiple
thrombosis (3 centers), and severe inflammatory bowel disease (3 centers). Of the 13 adult
centers, only 2 (15%) reported indications for primary preventive anticoagulation in the
case of thrombophilia (1 center) and a past history of thrombosis (1 center).

Regarding the five questions about the management of the thromboembolic risk listed
in Table 4, there was a consensus in both the pediatric and adult centers on one question
(search for thrombophilia before HPN onset) and only in the adult centers on one question
(thromboprophylaxis indications).

3.6. Management of Catheter-Related Venous Thrombosis

The centers’ responses regarding the management of CVC obstruction in patients on
HPN are summarized in Table 5.

Table 5. Management of catheter-related venous thrombosis.

Question Pediatric Centers (n = 21) Adult Centers (n = 13) p

Prescription of anticoagulation 0.07
Protocolized 5 (24%) 2 (15%)

Systematic specialist advice 14 (67%) 5 (38%)
Occasional specialist advice 2 (10%) 6 (46%)

Specialist advice <0.01
Angiologist

Hemostasis specialist
2 (10%) 8 (62%)

12 (57%) 2 (15%)
Cardiologist/cardio-pediatrician 7 (33%) 0 (0%)

Missing answer 0 (0%) 3 (23%)

Treatment duration 0.27
<6 weeks 2 (10%) 0 (0%)

6 weeks–3 months 7 (33%) 9 (69%)
>3 months 5 (24%) 2 (15%)

Unspecified 7 (33%) 2 (15%)

Imaging control <0.01
Early (≤1 month) 11 (52%) 0 (0%)

Late (≥6 weeks or after treatment completion) 5 (24%) 8 (62%)
Unspecified 5 (24%) 5 (38%)

Management of asymptomatic thrombosis 0.02
Anticoagulation a 8 (38%) 11 (85%)

No anticoagulation 2 (10%) 0 (0%)
Request for specialist advice 11 (52%) 2 (15%)

Systematic anti-Xa activity monitoring p 21 (100%) 5 (38%) <0.01
a Consensus in adult centers. p Consensus in pediatric centers.

Several significant differences between the pediatric and adult centers regarding the
management of CRT were observed. First, the specialist questioned for advice (p < 0.01)
was a cardiopediatrician in 33% of the pediatric centers, but never a cardiologist in the
adult centers. The adult centers requested the advice of an angiologist in 62% of cases.
Monitoring imaging was performed early after treatment initiation (less than one month,
see Table 4) in 52% of the pediatric centers, whereas adult centers performed imaging later
on (p < 0.01). Asymptomatic thrombosis was systematically treated with anticoagulation
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in 85% of the adult centers and in only 38% of the pediatric centers (p = 0.02). Finally,
systematic monitoring of anti-Xa activity was performed in all pediatric centers compared
to only 38% of adult centers (p < 0.01). Heparin was used as the first-line curative treatment
of CRT in all centers. Fifteen pediatric centers (71%) and eleven adult centers (92%) reported
using low molecular weight heparin (LMWH) and three pediatric centers (14%) reported
using unfractionated heparin. Two pediatric centers (10%) and two adult centers (17%)
reported sometimes using a vitamin K antagonist.

Regarding the six questions about the management of CRT listed in Table 4, there
was a consensus only in the adult centers on one question (management of asymptomatic
thrombosis) and only in the pediatric centers on one question (anti-Xa activity monitoring).

4. Discussion
4.1. Main Results

The answers to the survey were analyzed for their heterogeneity, their compliance to
the current guidelines, and the differences between the pediatric and adult centers. Overall,
we found considerable heterogeneity, especially in the responses of the pediatric centers.
On some points, the centers’ responses differed from the current guidelines. We also found
significant differences between the practices in the adult and pediatric centers.

Despite the heterogeneity, there was a consensus on certain topics in both the adult and
pediatric centers. Venous Doppler ultrasound examination was not performed as a routine
radiological screening, but rather when CRT was clinically evoked, as recommended
by the guidelines [2,13,14]. Nearly all centers reported having a written and validated
internal protocol for the restoration of patency of occluded CVCs. The most commonly
used drug was urokinase, but a fourth of the pediatric centers cited alteplase, which is the
recommended agent in children [3]. Both alteplase and urokinase are mentioned in adult
guidelines [8].

Screening for thrombophilia was not routinely performed prior to HPN onset. Indica-
tions for thrombophilia screening in HPN patients are not mentioned in HPN guidelines.
British clinical guidelines for testing for thrombophilia in adults also states that testing
is not recommended in patients with CRT [15]. ACCP pediatric guidelines state that the
presence of thrombophilia should not modify deep vein thrombosis management, leading
to the absence of screening for it [11].

Adult centers reported no indication for primary thromboprophylaxis. Indeed, the
guidelines state that the decision to start preventive treatment in patients with CVCs
remains unsupported by evidence [8]. Conversely, adult centers were prone to prescribe an-
ticoagulation for incidentally discovered asymptomatic thrombosis, whereas the guidelines
were unable to achieve a consensus on this point.

In children, as recommended [11], pharmacological monitoring of anti-Xa activity was
routine practice in patients treated by LMWH.

As recommended, the adult centers preferred peripheral blood sampling, whereas
the pediatric centers used CVCs. This difference is explained in the guidelines: although
peripheral blood sampling reduces the use of the CVC, and thus potential complications [2],
blood sampling via the CVC is preferred in children to improve quality of life [16]. The adult
centers, but not the pediatric centers, agreed on imaging prescriptions: chest X-ray and
angio-CT were not prescribed systematically. Unlike in pediatrics, an annual chest X-ray to
assess the appropriate position of the central line in adults is not recommended [2,13].

4.2. Issues in Pediatrics

In the pediatric centers, the answers to questions about characteristics of venous access
and CRT management showed the greatest heterogeneity, the least compliance with the
guidelines, and the most differences with adult practices. This probably illustrates a lack
of data on these fields in pediatrics, due to the scarcity of thrombosis in children [9,10].
Regarding CRT management, this lack of knowledge may be one reason for a more aggres-
sive management than is recommended [3,11] with more frequent: systematic searches for
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thrombophilia after a first episode of CRT, anticoagulation lasting more than 3 months,
indications for long-term curative anticoagulation, and early control of imaging. Regarding
venous access characteristics, the pediatric centers were divided about the use of in-line
filters: nearly half of them reported routinely using those filters, versus only one adult
center, although neither pediatric nor adult guidelines reported evidence to support their
use [2,16]. Regarding radiological control after CVC insertion, as in adults, most centers
reported using only per-operative image intensification, and did not routinely prescribe
postoperative chest X-rays. This strategy is acceptable in adults as long as the catheter is
not placed using a blind subclavian approach [8]. Pediatric guidelines are not as explicit,
but they specify that the correct position of the CVC tip must be controlled by a chest
X-ray [16].

4.3. Issues in Adult Centers

To a lesser extent, there were also several areas of disagreement among the adult
centers. They were divided on the usefulness of imaging prescriptions for CVC obstruction,
which is not surprising since there is no recommendation on this point. Interestingly, a
majority of the pediatric centers reported prescribing no imaging in this situation although
pediatric guidelines state that “Thrombotic catheter occlusion ( . . . ) require thorough in-
vestigation” [3]. Although the adult centers prescribed long-term full-dose anticoagulation
more often than the pediatric centers, only half of them reported such a practice in the
case of thrombophilia or persistent thrombosis. The most recent ASH guidelines do not
specifically address CRTs, but state that secondary prevention (i.e., indefinite antithrom-
botic therapy) should be prescribed after the completion of primary treatment for deep
vein thrombosis provoked by a chronic risk factor [7]. It is, however, debatable whether a
CVC for HPN can be considered as a significant chronic risk factor.

Primary prevention in patients with thrombophilia is generally not addressed by
guidelines which state that thrombophilia testing “may be helpful in patients with venous
thromboembolism at intermediate risk of recurrence, in whom the finding of a strong
thrombophilia can be one of the arguments for long-term anticoagulation”, hence arguing
against primary prophylaxis [17]. On the other hand, ESPEN guidelines state that thrombo-
prophylaxis, but not long-term full-dose anticoagulation, seems reasonable in patients on
HPN with a high risk of venous thromboembolism [8]. It can easily be argued that patients
with inherited “strong” thrombophilia match this definition.

4.4. Limitations and Perspectives

This study has several limitations. First, this cross-sectional study provides a point-in-
time picture of current practices and was not designed to assess the efficacy of practices.
There may be a participation bias, since the HPN centers most concerned or comfortable
with this topic could be more prone to participate in this study. Another possible bias
is that, because there was only one responding physician per center, the response may
reflect personal practice more than center practice if there is heterogeneity among several
physicians from the same center. Moreover, some of the observed heterogeneity may be
due to a difference in years of experience in the field among the responding physicians.
Finally, this survey may induce a reporting bias, since centers may give answers which
conform to the guidelines, rather than reflecting the actual practices in their department.

To interpret our findings, it is important to keep in mind that comparisons between
pediatric and adult centers should be made with caution, particularly regarding thrombosis,
as there are many differences between these two populations. First, these two populations
have a very different physiology of hemostasis [18,19]. Second, adult patients often have
additional risk factors for thrombosis. For instance, as mesenteric ischemia is the most
frequent cause of short bowel syndrome in adults in France, it may induce a bias towards
over prescribing anticoagulants. Third, the ratio of CVC size to vessel diameter is higher
in children compared to adults [5], and CVCs are then a more significant risk factor in
children.
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Our results only give an indication of French HPN center practices, and spreading this
survey to the European level, where practices are supposed to be harmonized, could be an
interesting perspective.

Nevertheless, this study provides valuable insights about French HPN center practices.
Indeed, the participation rate was high and nearly all major HPN centers participated.

Two main considerations can be highlighted from this study. First, the insufficient
implementation of the current pediatric guidelines is of concern, and probably due to the
low level of evidence of studies in pediatrics and/or the frequent extrapolation of adult
data. This had been shown in pediatrics at the European level by Hojsak et al. before the
publication of the latest guidelines, who found a great heterogeneity of practice in Europe
and a low compliance with the guidelines of that time [20].

Second, it seems necessary to intensify clinical research on certain topics. Indeed, the
guidelines and the current literature do not provide answers to certain issues such as the rele-
vance of screening thrombophilia before HPN onset and/or thromboprophylaxis [11,16,21–25]
and are sometimes even contradictory, for example regarding the necessity to treat asymp-
tomatic thrombosis in children [3,12].

5. Conclusions

This first French national survey on the management of central venous catheters in
HPN centers shows that CVC and CRT management practices vary greatly among centers
and do not always comply with the current guidelines, especially in pediatric centers.
Efforts should be made by the French HPN centers and the MaRDI network to harmonize
practices among HPN centers.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
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16. Kolaček, S.; Puntis, J.W.L.; Hojsak, I.; Braegger, C.; Bronsky, J.; Cai, W.; Campoy, C.; Carnielli, V.; Darmaun, D.; Decsi, T.; et al.

ESPGHAN/ESPEN/ESPR/CSPEN Guidelines on Pediatric Parenteral Nutrition: Venous Access. Clin. Nutr. 2018, 37, 2379–2391.
[CrossRef]

17. Moll, S. Thrombophilia: Clinical–Practical Aspects. J. Thromb. Thrombolysis 2015, 39, 367–378. [CrossRef]
18. Monagle, P.; Ignjatovic, V.; Savoia, H. Hemostasis in Neonates and Children: Pitfalls and Dilemmas. Blood Rev. 2010, 24, 63–68.

[CrossRef]
19. Ignjatovic, V.; Mertyn, E.; Monagle, P. The Coagulation System in Children: Developmental and Pathophysiological Considera-

tions. Semin. Thromb. Hemost. 2011, 37, 723–729. [CrossRef]
20. Hojsak, I.; Lacaille, F.; Gupte, G.L.; Köglmeier, J. Central Line in Long-Term Parenteral Nutrition in Children: A European Survey.

J. Pediatr. Gastroenterol. Nutr. 2018, 67, 409–413. [CrossRef]
21. Vegting, I.L.; Tabbers, M.M.; Benninga, M.A.; Wilde, J.C.; Serlie, M.J.; Tas, T.A.; Jonkers, C.F.; van Ommen, C.H. Prophylactic

Anticoagulation Decreases Catheter-Related Thrombosis and Occlusion in Children With Home Parenteral Nutrition. J. Parenter.
Enter. Nutr. 2012, 36, 456–462. [CrossRef] [PubMed]

22. Malec, L.M.; Cooper, J.; Rudolph, J.; Michaels, M.G.; Ragni, M.V. Prophylactic RtPA in the Prevention of Line-Associated
Thrombosis and Infection in Short Bowel Syndrome. J. Pediatr. Gastroenterol. Nutr. 2018, 66, 972–975. [CrossRef] [PubMed]

23. McLaughlin, C.M.; Bennett, M.; Channabasappa, N.; Journeycake, J.; Piper, H.G. Anticoagulation Results in Increased Line
Salvage for Children with Intestinal Failure and Central Venous Thrombosis. J. Pediatr. Surg. 2018, 53, 1052–1055. [CrossRef]
[PubMed]

24. Barco, S.; Atema, J.J.; Coppens, M.; Serlie, M.J.; Middeldorp, S. Anticoagulants for the Prevention and Treatment of Catheter-
Related Thrombosis in Adults and Children on Parenteral Nutrition: A Systematic Review and Critical Appraisal. Blood Transfus.
2017, 15, 369–377. [CrossRef] [PubMed]

25. Vidal, E.; Sharathkumar, A.; Glover, J.; Faustino, E.V.S. Central Venous Catheter-Related Thrombosis and Thromboprophylaxis in
Children: A Systematic Review and Meta-Analysis. J. Thromb. Haemost. 2014, 12, 1096–1109. [CrossRef] [PubMed]

http://doi.org/10.1182/bloodadvances.2020001830
http://doi.org/10.1016/j.clnu.2009.03.015
http://doi.org/10.1097/MPH.0000000000000302
http://doi.org/10.1542/peds.2009-0768
http://doi.org/10.1378/chest.11-2308
http://www.ncbi.nlm.nih.gov/pubmed/22315277
http://doi.org/10.1182/bloodadvances.2018024786
http://www.ncbi.nlm.nih.gov/pubmed/30482766
http://doi.org/10.1016/j.clnu.2018.06.954
http://www.ncbi.nlm.nih.gov/pubmed/30098848
http://doi.org/10.1182/asheducation-2014.1.306
http://doi.org/10.1111/j.1365-2141.2009.08022.x
http://doi.org/10.1016/j.clnu.2018.06.952
http://doi.org/10.1007/s11239-015-1197-3
http://doi.org/10.1016/j.blre.2009.12.001
http://doi.org/10.1055/s-0031-1297162
http://doi.org/10.1097/MPG.0000000000002064
http://doi.org/10.1177/0148607111416482
http://www.ncbi.nlm.nih.gov/pubmed/22245761
http://doi.org/10.1097/MPG.0000000000001836
http://www.ncbi.nlm.nih.gov/pubmed/29135819
http://doi.org/10.1016/j.jpedsurg.2018.02.007
http://www.ncbi.nlm.nih.gov/pubmed/29499845
http://doi.org/10.2450/2016.0031-16
http://www.ncbi.nlm.nih.gov/pubmed/27483479
http://doi.org/10.1111/jth.12598
http://www.ncbi.nlm.nih.gov/pubmed/24801495

	Introduction 
	Materials and Methods 
	Results 
	Participation Rate 
	Characteristics of Venous Access 
	Patient Follow-Up Modalities 
	Management of CVC Obstruction 
	Management of the Thromboembolic Risk 
	Management of Catheter-Related Venous Thrombosis 

	Discussion 
	Main Results 
	Issues in Pediatrics 
	Issues in Adult Centers 
	Limitations and Perspectives 

	Conclusions 
	References

