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Abstract

Purpose This study aims to summarize the latest and best evidence on central venous access device-related throm-
bosis (CRT) in hospitalized children, which provides theoretical support for standardizing the preventive care practice
of CRT in hospitalized children.

Methods Relevant guidelines, systematic reviews and expert consensuses were reviewed through ten guide-
line websites, six professional association websites and seven databases. The literature evaluation was conducted,
and the best evidence from qualified studies was extracted and summarized. Furthermore, the best evidence
was summarized through expert consultation and localized for the preventive care practice of CRT in hospitalized
children in China.

Results A total of 14 topics and 68 best evidence were collected, including personnel qualification and quality
management, pediatric patient selection, risk assessment, central venous access device (CVAD) selection and use, tip
position, catheter maintenance, basic prevention, drug prevention, imaging examination, health education, nursing
records, follow-up, CVAD removal and others.

Conclusion In this study, the best evidence based on evidence-based nursing was summarized, and expert consulta-
tion was adopted to localize the best evidence collected. It is of great significance to standardize the clinical practice
of pediatric nurses and ensure the effectiveness of CRT preventive care for hospitalized children, thus guaranteeing
the safety of hospitalized children with CVAD catheterization.
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What is known

« CVAD is considered as the most significant risk factor
of VTE in hospitalized children.

» Asymptomatic CRTs are reported to be more com-
mon than symptomatic CRTs and have a significantly
increased risk of death.

« To the best of our knowledge, no clinical practice guide-
lines on CRT preventive care for children have been
issued in China.

What is new

« The best evidence on the preventive care of CRT in
hospitalized children could be used to provide pediat-
ric nurses with an evidence-based reference in clinical
practice.

+ Evidence-based guidelines, systematic reviews and
expert consensus endorsed by several authoritative aca-
demic resources were included by scientific methods to
provide the best theoretical basis and technical standards
for pediatric nurses to strengthen the risk prevention and
management of CRT in hospitalized children, and guar-
antees the safety of children with tubes.

Introduction

The statistics indicate that about 25% of hospitalized
children have received the central venous access device
(CVAD) for treatment [1]. The employment of CVAD has
strongly improved the quality of treatment and nursing
care for hospitalized children. However, CVAD remains
the most significant risk factor of venous thromboem-
bolism (VTE) in hospitalized children, with almost 90%
of neonatal VTE and more than 60% of non-neonatal
VTE associated with CVAD [2]. The VTE caused by
CVAD is also known as central venous access device-
related thrombosis (CRT), and the incidence of CRT
has increased obviously in recent years [3]. Prospective
studies from China [4], Austria [5], Spain [6], and the
United States [7] show that the incidence of CRT in hos-
pitalized children is 25.7%, 27.78%, 33.21%, and 43.53%,
respectively; the studies from Canada indicate that the
incidence of CRT in children receiving total parenteral
nutrition (TPN) is as high as 66.67% [8].

The CRT may be symptomatic for patients, with symp-
toms and signs related to inflammation or vascular
obstruction, such as swelling and pain of arm/neck/head,
vein dilation, skin pigmentation, extremity numbness,
and CVAD dysfunction can lead to difficulties or even
failure in venous blood collection or intravenous medi-
cation [9]. When the lower extremities are involved in
CRT, acute life-threatening complications represented by
deep venous thrombosis (DVT) and pulmonary embo-
lism (PE) can occur, and its sequela includes recurrent
thrombosis, postphlebitic syndrome, and complications
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of anticoagulant therapy [10]. The incidence of the long-
term complications like post-thrombotic syndrome (PTS)
and loss of limb function are also possible [11]. However,
some CRT may be completely asymptomatic and only
can be detected only by imaging techniques. Asympto-
matic CRTs are reported to be more common than symp-
tomatic CRTs and have a significantly increased risk of
death [9]. There is a strong association between asympto-
matic CRT and catheter complications like occlusion and
infection related to CVAD [12]. These complications can
not only increase medical costs but also prolong the hos-
pital stay of patients and worsen the conditions requiring
urgent systemic treatment or CVAD removal [13].

In essence, CRT is a response to the placement of for-
eign bodies (i.e. the CVAD) in blood vessels [3]. Nev-
ertheless, clinical staff can take rational and objective
approaches to prevent thrombosis based on a full under-
standing of CRT. Clinical nurses play a key role in the
prevention of VTE by assessing, delineating risks, col-
lecting information, providing advice and implement-
ing preventive care for patients [14]. As a special type of
VTE, CRT is closely related to the implanted CVAD in
terms of etiology. However, the role of CVAD in clinical
use should also be considered in the treatment [3]. Due
to improper awareness and management of CRT, the psy-
chological burden on healthcare workers, children and
their families may be increased, leading to over-diagno-
sis and over-prevention. As a result, the application of
CVAD is also hindered to some extent.

Evidence-based clinical practice guidelines are of great
significance for standardizing the clinical work of nurses
and providing patients with rational nursing care [15].
Currently, research on clinical practice guidelines related
to VTE prevention for patients has received wide atten-
tion. It is found that guidelines specifically aimed at
health care providers, especially nurses, for CRT preven-
tive care in hospitalized children are limited. The only
clinical practice guideline that recommends the use of
a long-term central venous catheter (CVC) in children
with hematologic oncology focuses on the treatment
of occlusions and thrombosis associated with CVC,
rather than CRT preventive care [13]. However, consid-
ering the actual situation of China’s medical environ-
ment, the willingness of the children’s families, and the
favorable and hindering factors for pediatric nurses to
use evidence-based evidence, whether the norms and
standards involved in the foreign guidelines are applica-
ble to China remains to be further explored. Moreover,
no clinical practice guidelines on CRT preventive care for
children have been issued in China. Therefore, this study
summarizes the best evidence of the preventive care of
CRT in hospitalized children based on evidence-based
nursing and localizes the collected evidence by expert
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consultation methods, so as to provide scientific CRT
prevention for hospitalized children.

Methods
The study has been enrolled in PROSPERO under the
registration number of CRD42021265475.

Retrieval strategy

In this study, search terms of "venous thromboembo-
lism, venous thrombosis, totally implantable venous
access port, central venous catheters, peripherally
inserted central catheter, central venous access device"
were employed to retrieve the following guidelines and
professional association websites: (D guideline websites:
Guidelines International Network (GIN), Registered
Nurses’ Association of Ontario (RNAO), National Guide-
line Clearinghouse (NGC), National Institute for Health
and Clinical Excellence (NICE), Joanna Briggs Insti-
tutem (JBI), Scottish Intercollegiate Guidelines Network
(SIGN), New Zealand Guidelines Group (NZGQ), British
Medical Journals (BMJ), UpToDate, and Medlive guide;
@ professional association websites: Infusion Nursing
Society (INS), International Union of Angiology (IUA),
International Society on Thrombosis and Haemostasis
(ISTH), American Society of Hematology (ASH), Ameri-
can Society of Pediatric Hematology/Oncology (ASPHO)
and Association of Women’s Health, Obstetric and Neo-
natal Nurses (AWHONN). The search of the guidelines
and professional association websites was completed
from July 18, 2021 to July 22, 2021.

We searched the Cochrane Library, PubMed, EMBASE
and Web of Science English databases, as well as VIP,
Wanfang and CNKI Chinese databases. The specific
retrieval strategy was formulated according to the char-
acteristics of each database. The time limit for database
retrieval was from the establishment of each database to
July 17, 2021, and the retrieval strategy was attached in
Supplemental Material S1.

Literature inclusion and exclusion criteria
The inclusion criteria of the literature were as follows:
(1) Published guidelines, systematic reviews and expert
consensus; (2) Children (<18 years old) with CVAD
catheterization included in these studies; (3) Recom-
mendations on risk factor assessment, prevention and
management of CRT in children; (4) Clear recommenda-
tion; (5) Expressed in Chinese or English; (6) The revised
guidelines should be incorporated into the latest version.
The exclusion criteria of the literature were as fol-
lows: (1) Guideline interpretation, translated versions of
foreign guidelines and repeated guidelines; (2) Meeting
summaries, draft guidelines, discussion drafts, and other
relevant documents of guidelines; (3) Clinical practice
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implementation and application research of the guide-
lines; (4) Evidence list without methodological descrip-
tion; (5) Conference report, normative document and
government draft; (6) Systematic reviews at the stage of
the research plan or included in the guidelines; (7) No
access to the full text.

Literature screening and data extraction

According to the inclusion and exclusion criteria of the
literature, two members of the research group who have
received evidence-based nursing training independently
screened the literature by reading the title, abstract and
full text. If there was any disagreement, the two research-
ers should negotiate to resolve it. If they still cannot
reach an agreement, the third researcher should be asked
to step in and give his/her opinions. The data extraction
table was made by the following items: articles (type),
author/institution/organization, year (published/last
updated), country, source (published institution/organi-
zation) and tools for evidence grading and recommenda-
tion strength.

Literature quality evaluation

The quality of the included articles was evaluated inde-
pendently by three members of the research group
trained in evidence-based nursing through the evaluation
tools. If there was a conflict of opinion, the fourth mem-
ber would be asked to make the judgment.

The evaluation of the Guidelines was conducted by
the Appraisal of Guidelines for Research and Evaluation
II (AGREE II) [16]. The AGREE II covers six aspects:
scope and object, participant, rigor, clarity, application,
and independence. Based on the standardized scores in
each field, the overall quality of the guidelines was eval-
uated, and whether to recommend the guidelines was
formulated by the 3-level standards. The criteria are as
follows [17, 18]: if the number of fields with a standard-
ized score<30% was greater than or equal to three, the
guideline is considered to have poor evidence quality and
is not recommended temporarily (Grade C); if there were
fields with standardized scores<60%, and the number
of fields with scores>30% was greater than or equal to
three, the guideline needs to be modified and then it is
recommended (Grade B); if standardized scores in the six
fields were all>60%, the guideline does not need to be
modified and can be directly recommended (Grade A).

The systematic review was assessed by a critical
appraisal tool for systematic reviews (AMSTAR 2) scale
[19]. In the AMSTAR 2 scale, there are 16 items (items
2,4,7,9, 11, 13 and 15 are critical items and the remain-
ing are noncritical items) and 3 evaluation indexes ("Yes",
"Partly yes", and "No"). Based on the criticality and evalu-
ation results, the systematic review study was graded
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with "confidence”, and there were four "confidence"
quality levels, namely critically low-quality, low-quality,
intermediate-quality and high-quality. The detailed clas-
sification of four "confidence" quality levels is as follows
[19, 20]: if there is more than one key item with or with-
out non-key items and does not meet the standard, the
systematic review is rated as critically low; if only there
is one key item accompanied by or not accompanied by
non-key items and does not meet the standard, this sys-
tematic review is rated as low grade; if there are more
than one non-key items and does not meet the standard,
this systematic review is rated as intermediate; if there is
less than one or equal to one noncritical item and does
not meet the standard, this systematic review is rated as
high.

The Expert Evaluation Standard (2016) of the JBI Evi-
dence-based Health Care Center in Australia was used
to evaluate studies based on expert opinions and pro-
fessional consensus. The evaluation standard included 6
items, and the evaluation grade of each item was "yes",
"no", "unclear" and "not applicable" [21]. The inclusion
criteria of the literature were as follows [22]: at least four
of the six items were rated "yes". The exclusion criteria of
the literature were as follows: at least two of the six items
had an evaluation grade of "unclear"” or included an eval-
uation grade of "not applicable".

Evidence quality evaluation process

Content analysis was used to analyze the included arti-
cles. Taking the included articles as analysis samples,
the main evidence of CRT preventive care in children
was summarized, and the topic/sub-topic of the evi-
dence was determined. In the process of extracting rec-
ommendations, when there were conflicting evidence
conclusions from different sources, this study com-
plied with the following principles [23]: evidence-based
outcome, high-quality evidence, the latest published
authoritative literature and guidelines authorized by
Chinese institutions were preferred. Two trained mem-
bers of the research group independently evaluated the
included studies. In case of conflicting opinions, the
third researcher made the final decision on inclusion or
exclusion.

Criteria for determining evidence level

and recommendation level

The recommendation level of the evidence follows the
original rating level in the studies. If there are repeated
recommendations in multiple guidelines, the guideline
with the highest score will be selected based on the qual-
ity evaluation result of AGREE II scale, and the recom-
mendation of evidence level in the guideline shall prevail.
If the level and recommendation level of evidence in the
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original literature is not determined, the evidence will
be evaluated by the JBI grading of evidence and recom-
mendation system (2014 edition) [24]. According to the
source of evidence and the type of literature, the evi-
dence level of the included studies was pre-graded into
five levels from Level 1 to Level 5. According to JBI fea-
sibility, appropriateness, mean-fullness, and effectiveness
(FAME) structure, the recommendation strength of evi-
dence was determined to be strong recommendation or
weak recommendation.

Expert consultation

In this study, relevant experts were invited to participate
in online and offline meetings to collectively discuss the
best evidence extracted. Ten experts from the Xiangya
Nursing School and Xiangya Hospital of Central South
University from different fields participated in this study,
covering CVAD placement care, pediatric nursing, car-
diovascular surgery nursing, nursing management, evi-
dence-based nursing, nursing education, cardiovascular
surgery and pharmacy. Xiangya Hospital is one of the
China’s top tertiary class A general hospitals, integrating
medical, educational and scientific research. JBI Xiangya
Center for Evidence-Based Practice and Healthcare
Innovation was established in 2019, serving as an excel-
lent platform for evidence-based nursing research in this
study. The purpose of expert consultation is to analyze
the pros and cons and obstacles of nurses’ application
of evidence based on medical situation in China and the
wishes of the children’s families, improve relevant evi-
dence or remove inapplicable evidence according to clini-
cal applicability, and finally localize the best evidence.

Data analysis

The SPSS 20.0 was used for statistical analysis. The basic
characteristics of the included articles were analyzed
descriptively. In the quality evaluation process of the
guidelines, the intraclass correlation coefficient (ICC)
ranging from 0 to 1.0 was used to evaluate the consist-
ency of evaluation results among the three members of
the research group [25]. When the ICC value is less than
0.40, it indicates that there is poor consistency among
study members regarding the quality evaluation results
of the guideline. If the ICC value ranges from 0.40 to
0.75, the consistency among the three members is fair.
If the ICC value is greater than 0.75, the consistency
among the three members is high [26]. The standard-
ized score for each area of the guideline can be calcu-
lated by the following equation: (actual score—minimum
possible score)/(maximum possible score—minimum
possible score) x100%. Then, the mean, minimum and
maximum values were used to describe the standardized
scores in each field. The general information of experts
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was analyzed by mean + standard deviation or frequency
(%), and the expert consultation results were evaluated
by the authority degree of expert opinions. The individ-
ual authority coefficient of the expert was calculated as:
(academic level +judgment basis+ familiarity) /3. The
overall authority coefficient of experts was calculated by
the ratio of the sum of experts’ individual authority coef-
ficients to the number of experts [27].

Results

Selection process and general characteristics

of the included articles

A total of 642 articles were initially retrieved. Based on
the inclusion and exclusion criteria, 7 evidence-based
guidelines, 7 systematic reviews and 9 expert consensuses
were eventually included. Figure 1 shows the process of
literature selection. Table 1 presents the basic features of
the literature.

Quality evaluation results of the included articles

Quality evaluation results of the guidelines

Consistency tests for the intra-group correlation coef-
ficients included in the guidelines were conducted. The
results show that the ICC value of the guideline quality
evaluation results of the three evaluators was all greater
than 0.75 (P<0.05), indicating good consistency among
the evaluators in the evaluation process, as shown in
Table 2. Table 3 shows the standardized scores for the six
areas of the guidelines. Among the six fields, the over-
all average score of five fields is more than 50%, among
which the average score of the "clarity” field is the highest
(90.48%), followed by the "independence” field (85.71%),
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and the average score of "application” field is the lowest
(42.66%). The overall evaluation results are as follows: 1
guideline is grade A and highly recommended, and the
remaining 6 guidelines are grade B and recommended to
be used in clinical practice after modification.

Quality evaluation results of systematic reviews

Among the 7 systematic reviews included in this study,
the overall confidence of the study conducted by Barco
et al. [34] is evaluated as “low’, studies conducted by
Sharathkumar et al. [38] and Wang et al. [39] as “criti-
cally low”, and the rest as “high” [35-37, 40]. In terms
of critical entries, 2 studies [34, 39] are not registered in
advance, and 4 [34-37] studies contain the comprehen-
sive retrieval. Schoot et al. [36] only provided a list of
excluded articles without elaborating on the exclusion
reasons. Barco et al. [34] did not merge the data due to an
insufficient number of included studies, and Sharathku-
mar et al. [38] did not consider the risk bias. In the other
3 studies [35—37], the publication bias was fully analyzed.
Supplemental Table S1 shows the quality evaluation
results of systematic reviews by AMSTAR II. The articles
were all included.

Quality evaluation results of expert consensuses

There are 9 expert consensuses included in this study.
Consensus 2 [13] pointed out that CVC should be
inserted into the superior vena cava system in the right
limb (if possible) to prevent CRT. Consensus 3 [42] pro-
posed that CVC should be inserted into the right internal
jugular vein, which is inconsistent with the major opin-
ions that CVC inserted from the left and right side of the

Retrieved in guideline Websites (n=274):
[GIN (n=27), NGC (n=45), RNAO (n=2), NICE (n=10), SIGN (n=3),
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Fig. 1 Flowchart of literature screening
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Table 2 Results of internal consistency (ICC) test of evaluators

Guideline ICC 95%Cl F P

Guideline 1 [28] 0914 (0.838,0.959) 32611 0.000
Guideline 2 [2] 0.858 (0.738,0.932) 20612 0.000
Guideline 3 [29] 0.898 (0.807,0.952) 29.449 0.000
Guideline 4 [30] 0.786 (0.602,0.897) 14.572 0.000
Guideline 5 [31] 0.840 (0.712,0922) 16.400 0.000
Guideline 6 [32] 0923 (0.845,0.965) 42.887 0.000
Guideline 7 [33] 0.804 (0.640,0.906) 15.480 0.000

body exists no difference in reducing CRT from other
consensuses. Among all the items included in the study,
at least 4 items were evaluated as "Yes", and the overall
evaluation was high. Therefore, these studies were all
included (Supplemental Table S2).

Summary and localization of the best evidence for CRT
preventive care in hospitalized children

A total of 91 evidence were extracted and summarized
in the first draft by using the method of content analy-
sis. Evidence grading and recommendation strength were
carried out in accordance with the principle of setting
the evidence and recommendation levels in advance.
Expert consultation was further carried out to localize
the summarized evidence. The average age of experts
was (41.40+7.34) years old, and the average working
years were (19.30 + 12.00) years (Supplemental Table S3).
The individual authority coefficient of 10 experts in this
study was>0.70, and the overall authority coefficient of
the experts was 0.815, indicating that they have highly
authoritative and the research results were acceptable
(Supplemental Table S4). We revised and localized the
items according to suggestions from experts. Finally,
68 best evidence were obtained from 14 topics, includ-
ing personnel qualifications and quality management,

Table 3 Quality evaluation results of the guidelines
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pediatric patient selection, risk assessment, CVAD selec-
tion and use, tip position, catheter maintenance, basic
prevention, drug prevention, imaging examination,
health education, nursing records, follow-up, CVAD
removal and others, as shown in Table 4.

Summary and description of best evidence

In this study, the best evidence conforming to the Chi-
nese clinical situation for CRT preventive care in hospi-
talized children was summarized through comprehensive
retrieval, systematic evaluation and expert analysis of rel-
evant evidence-based resources. This provides a theoreti-
cal basis for Chinese pediatric nurses to strengthen the
management of CRT in hospitalized children.

Personnel qualification and quality management

Articles 1-5 of the evidence summarize how to guarantee
the personnel qualifications responsible for the manage-
ment of CVAD, three of which are strong recommenda-
tions. It is necessary to construct a professional team for
intravenous therapy to promote the establishment and
implementation of standardized evidence-based prac-
tice protocols and policies [33]. The characteristics of
different hospitals should be considered, such as the dif-
ferences in hospital level, type (general hospital or spe-
cialized hospital), and the abilities of members of the
intravenous therapy team, and then the training program
should be developed in accordance with the characteris-
tics of the hospital and the stage of the intravenous ther-
apy team members. It is suggested to improve the quality
control responsibility by establishing an evaluation index
system, supervision system and improvement system for
intravenous therapy [33].

Pediatric patient selection
Articles 6-7 provide a summary of the topic. CVAD is
appropriate for individuals who require reliable long-term

Guidelines Percentage of field standardization (%) >60% field <30%field Recommendation
number (n) number(n) level

Scope Participant Rigor Clarity Application Independence

and

object
Guideline 1[28]  62.96 62.96 84.03 9259 25.00 7222 5 1 B
Guideline2[2]  87.04 96.30 6944 8889 87.50 77.78 6 0 A
Guideline 3[29]  64.81 24.07 68.75 87.03 25.00 97.22 4 2 B
Guideline 4 [30] 9259 87.03 9236 8889 47.22 100 5 0 B
Guideline 5 [31]  88.89 87.04 68.75  88.89 27.78 7222 5 1 B
Guideline 6 [32] 7593 3333 46.52  90.74 29.17 8333 3 1 B
Guideline 7 [33] 8148 88.89 8542  96.30 56.94 97.22 5 0 B
Mean 79.10 68.52 7361 9048 4266 85.71 — — —

—:None
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vascular access and are unable to utilize the peripheral
venous route because of small, immature veins, poor tol-
erance of repeated venipuncture in children, frequent
need for access and/or a caregiver’s inability to master
peripheral vein access [41]. Therefore, CVADs can only be
placed in a lien if the child has a therapeutic need. CVAD
requires meticulous adherence to sterile technique, and
the family’s capability and commitment to meet this
requirement must be carefully evaluated. It is essential
that caregivers must be able to monitor for and recog-
nize complications, such as infection, thrombosis and
mechanical problems [41].

Risk assessment

Five strong recommendations are included on this topic.
The majority of pediatric patients with CRT are asympto-
matic [48]. The systematic review conducted by Neshat-
Vahid et al. has shown that among the included 16 studies
of 1279 pediatric patients with CVCs, the incidence of
symptomatic CRT is only 5% [49]. Therefore, a high index
of suspicion regarding the presence of CRT should be
maintained for it is usually asymptomatic [33, 41]. It is
recommended to assess the risk of CRT in children [43].
Multiple risk factors have been associated with a higher
risk of CRT [33, 39, 40]. Routine thrombotic screening
prior to initial CVAD placement is not recommended
unless the patient has ever experienced a thromboem-
bolic event unrelated to the catheter [41]. The screen-
ing for thrombophilia depends on the following clinical
circumstances [50]: (DIf the child’s first VTE episode is
associated with CVAD, screening for thrombophilia is
not recommended. @If the child has recurrent VTE
(including recurrent CRT), a thrombophilia screening is
recommended. @For individuals with a clear family his-
tory of VTE or thrombophilia, e.g., a first-degree relative
under 40 years old with VTE, thrombophilia screening is
recommended if there are other risk factors or underly-
ing diseases contributing to the risk of thromboses, such
as cancer, CVAD, trauma, or major surgery.

CVAD selection and use

Articles 13-24 summarize the selection and use of
CVAD from size, type, site, puncture, fixation, and time,
8 of which are strong recommendations. The appropri-
ate intravenous therapeutic device should be selected
according to the physicochemical properties of the drug,
and the age, venous conditions, treatment duration, and
disease status of the child [33]. On the premise of meeting
medical needs, CVAD with the least number of lumens
and the minimum diameter should be selected [3]. Place-
ment of CVAD from the left or right side of the body
did not significantly reduce the incidence of CRT [29,
30]. There are insufficient data to support a preference
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for the jugular or subclavian vein for CVAD. Femoral
vein access is associated with a high risk of thrombosis
in children and should be avoided if possible [29, 30].
The maximum duration that CVAD can be left in place
has not been determined [41], but in children with ALL,
there is no definitive evidence that delaying CVAD place-
ment until the end of ALL induction therapy reduces the
risk of CRT, and the delayed placement in children with
poor venous access may also result in physiological and
psychological consequences to some extent [29]. Ultra-
sound-guided CVAD placement significantly improves
the rate of success, reduces the times of punctures, and
decreases the incidence of complications [47]. Studies
from the United States and Australia have demonstrated
no difference in catheter failure and complications when
CVAD:s are secured by different methods [51-53].

Tip position

Articles 25-29 are summarized on this topic, all of which
are strong recommendations. When the catheter tip is
closer to the right atrium, the blood flow at the location
of the catheter increases, thereby rapidly diluting the
drug and reducing the damage to the intima. At the same
time, it also lowers the ratio of the drug liquid volume to
the blood flow, and has less impact on local hemodynam-
ics [3]. Studies have shown that a reduced risk of CRT
is reduced when the catheter tip is located in the lower
1/3 of the superior vena cava or the junction of the right
atrium and the superior vena cava [54, 55]. CVAD should
not be used until the catheter tip position is confirmed or
adjusted by ultrasound, X-ray or other imaging modality
3, 33, 41].

Catheters maintenance

Articles 30-34 summarize the methods to reduce cath-
eter dysfunction, 3 of which are strong recommenda-
tions. Catheter dysfunction plays an important role in
unplanned catheter removal, including thrombotic dys-
function caused by thrombus, fibrin sheaths, and fibrin
tails in the lumen (about 60%), and non-thrombotic dys-
function due to drug precipitation or mechanical prob-
lems [56]. A randomized controlled trial (RCT) [57] and
a systematic review [58] showed no difference between
saline irrigation and heparin irrigation in preventing
CRT, reducing deposition to ensure long-term cath-
eter use, and both were safe and effective. When a non-
invasive needle is used to maintain the PORT patency,
flushing with saline is followed by drug or blood admin-
istration and then saline is recommended [47]. Moreover,
studies have shown a significant difference in the flushing
effectiveness between the needle tip inclined plane paral-
lel and opposite to the outlet channel when inserted into
the puncture septum, the latter method is better [47].
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Basic prevention

Article 35 summarizes the basic prevention of CRT and
is a strong recommendation. Non-drug strategies are
encouraged to use to prevent CRT if possible. One study
noted that children with malignant tumors and their
families had poor compliance with PICC implants during
daily fist exercises [59]. The following medical counseling
games are proven to be effective in improving the basic
prevention of CRT in children with ALL and their fam-
ilies. Due to the unhealed puncture wound in the early
stage and the pain, the child is afraid of exercise. In the
case of little blood leakage, the child is encouraged to
moderately move the arm. Before the first maintenance
of PICC, the child is encouraged to perform the "Little
Tail Love Exercise" supervised by the guardians: Firstly,
the child can watch the pre-recorded arm exercise video
at the bedside. Secondly, the nurse demonstrates it face
to face and teaches the child to do the loose-fist clench-
ing, arm straightening-bending and ear-touching exer-
cises, with 3 times a day and 20 actions each time. Finally,
a "thumbs up" will be given to the child after completing
tasks [60].

Drug prevention

Articles 36—40 are summarized on this topic, 3 of which
are strong recommendations. Currently, the preventive
use of anticoagulants or thrombolytic drugs for the sole
purpose to prevent CRT is not recommended [3, 13, 30,
34-36, 38, 42, 47], but LWMH should be considered for
children at high risk of thrombosis [13]. Low molecular
weight heparin is associated with a lower risk of throm-
bocytopenia and osteoporosis than unfractionated hepa-
rin, and less interference with medication and diet than
vitamin K antagonists [13]. Studies [36, 61] have shown
that LMWH is not found to increase the bleeding risk,
but further data are needed to demonstrate the value of
CRT prevention in children with various specific diseases
[3]. A meta-analysis [37] revealed that heparin-bonded
catheters do not reduce the CRT and thrombocytopenia,
indicating whether the CVAD is bonded with heparin or
not is not significant. It is recommended to use t-PA to
restore the patency of blocked CVAD, and an ultrasound
should be performed if two doses of local thrombolysis
make no difference in the patency [32].

Imaging examination

Articles 41-42 are summarized on this topic, one of
which is rated as strong recommendation. When a CRT
is suspected, Ultrasound Doppler is preferred, which
can indicate the location and extent of CRT and infer
the thrombus freshness based on echo intensity [62].
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However, the use of ultrasound to screen for CRT indis-
criminately is not recommended [63]. CT or MRI may
be an option if Doppler is not available or the results are
unreliable or suspected to be false negatives [13]. Throm-
bosis in the vena cava, common iliac vein, subclavian vein,
and nameless vein, as well as coexisting extravascular
compression factors like tumors and thoracic outlet com-
pression, can be clearly diagnosed by CT or MRI [64].

Health education

Articles 43—48 are summarized on this topic, and only
article 43 is rated as strong recommendation. Healthcare
providers should teach children and caregivers about the
purpose of administration, the use of infusion devices,
and the risk of potential complications, and avoid exces-
sive use of medical terminology in health education [65].
It is important to note that preschool children should not
be allowed access to CVADs and that any caregiver who
will assist in the maintenance of the CVAD should attend
a course of training [41]. Caregiver competency should
also be assessed, such that caregivers demonstrate the
care of CVAD on the model and the child at least twice
[41]. In order to promote health education for children
and their families, an educational checklist related to
intravenous therapy in hospital or at home is available,
consisting of four parts [33]: (1) General information
about the child (name, age, weight); (2) The main caregiv-
ers (education level, willingness to learn, religious beliefs,
language communication fluency); (3) Teaching methods
(oral, written, multimedia, demonstration, others); (4)
Teaching contents. The medical staff should inform the
children and their caregivers that if the skin at the punc-
ture site of CVAD is swollen, the local dressing oozes
blood and liquid, and the film is wet, loose or curled, they
should immediately contact the medical staff and return
to the hospital for treatment if necessary.

Nursing records

Articles 49-50 are summarized on this topic, one of
which is rated as strong recommendation. A complete
record regarding CVAD nursing and problems is of great
significance for tracking the whole process of catheters
placement and providing a clinical basis for further man-
agement and improvement of CVAD, and facilitating the
data collection for nursing teaching and research [41].
Considering that electronic health records (EHRs) are
commonly applied in clinical practice nowadays, and
nurses have limited ability to assess the safety of venous
access and intravascular catheters, the role of EHRs in
strengthening symptom monitoring, risk warning and
clinical decision support deserves further exploration to
promote the implementation of standardized intravascu-
lar catheter surveillance [66].
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Follow-up

Articles 51-55 are summarized on this topic, 3 of which
is rated as strong recommendation. Children with CVAD
catheterization often travel back and forth between their
families and hospitals. Based on this particularity, pediatric
nurses need to follow up with the children and their caregiv-
ers to meet their nursing needs after discharge and ensure
the continuity of nursing services. For pediatric nurses,
guidelines should be developed and instituted for ongoing
management, tracking and follow-up in CVAD treatment
centers, and the knowledge of and adherence to guidelines
should be periodically assessed in all CVAD users [41].
For children, regular follow-up is recommended for chil-
dren requiring long-term CVAD placement to reconsider
the need for CVAD [38], and for rapidly growing children,
X-rays of the catheter tip position are recommended to
monitor for abnormal positioning of the tip [41]. For car-
egivers, their skills in using the CVAD should be reassessed
at each comprehensive follow-up visit, and if the cath-
eter becomes problematic, more frequent monitoring and
enhanced care of the CVAD should be executed [41].

CVAD removal

Articles 56-66 summarize the indications, time, and
operations, of removal, and precautions in special cases,
and treatment of difficulty in removal after CRT, 5 of
which are rated as strong recommendations. Current
guidelines do not recommend routine catheter removal
[65, 67, 68]. If the catheter is still required for treat-
ment, it should be retained and used under anticoagula-
tion therapy [65, 67, 69]. When there is a combination of
contraindications to anticoagulation, or continued pro-
gression of symptoms despite anticoagulation therapy,
catheter removal should be considered. In clinical prac-
tice, however, the dependence on catheters for treatment
and the feasibility of re-establishing venous access need
to be assessed [3]. For patients who are highly catheter-
dependent and have difficulty establishing new venous
access, the value of retaining the catheter needs to be
weighed against the other potential risks associated with
thrombosis, and the catheter can be retained under close
observation and follow-up [3]. In terms of timing of cath-
eter removal, for catheter-associated DVT, it is recom-
mended to be removed after a period of anticoagulation
to facilitate thrombus stabilization [70]. However, for
other types of CRT, the removal timing is not restricted
considering the small volume of the thrombus [3].

Others

Articles 67-68 are summarized on this topic and article
68 is rated as strong recommendation. It should be noted
that CRT prevention in children cannot be separated
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from overall VTE prevention, especially the DVT of the
lower extremities caused by CRT is greatly harmful to
children. Therefore, it is still necessary to take appropri-
ate preventive measures against the risk factors of VTE
for children at a high risk of CRT [3].

Study strengths and limitations

In this study, the best evidence on the preventive care
of CRT in hospitalized children was summarized and
localized to provide pediatric nurses with an evidence-
based reference in clinical practice. This study provides
a theoretical basis and technical standards for pediatric
nurses to strengthen the risk prevention and manage-
ment of CRT in hospitalized children, and guarantees
the safety of children with tubes.

Nevertheless, this study only summarizes the evi-
dence and has not yet completed the transition from
scientific evidence to clinical practice, and the evi-
dence-based decision-making and practice are required
to validate the effectiveness of the best evidence of CRT
preventive care for children.

Conclusions

In this study, an evidence-based nursing prevention
program for CRT in hospitalized children was con-
structed through a rigorous and scientific process of
literature search and screening, literature quality evalu-
ation, best evidence aggregation, and expert consul-
tation. In the adaptive application process, the latest
evidence and the professional judgment of nurses are
complementary in implementation, that is, the evi-
dence points to gaps in nursing practice, and the pro-
fessional judgment of nursing helps the evidence to
truly take root in the clinical situation. Therefore, it is
recommended for nurses to use the best evidence com-
bined with their own clinical experience, patient needs,
and actual clinical scenarios, to develop individualized
preventive care and management plan and ultimately
realize the transformation of the best evidence.

Abbreviations

CVAD  Central venous access device

VTE Venous thromboembolism

CRT Central venous access device-related thrombosis
DVT Deep venous thrombosis

PE Pulmonary embolism

PTS Post-thrombotic syndrome

cvC Central venous catheter
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