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Abstract

Objective There has been an increase in real-time ultrasonography use in central venous catheterisation. This sys-
tematic review and meta-analysis aimed to assess the role of real-time ultrasound use in umbilical venous catheterisa-
tion in neonates.

Data sources PubMed, Embase, Web of Science and Cochrane Library were searched on July 11, 2024. We followed
the Cochrane Handbook for Systematic Reviews of Interventions (for study conduct), GRADE methodology (for cer-
tainty of evidence), and PRISMA guidelines (for reporting).

Study selection All randomised controlled trials/RCTs and non-randomised studies of interventions/NRSIs compar-
ing real-time ultrasound with the conventional technique of umbilical venous catheterisation were included.

Data extraction The outcomes of interest were malposition rates, procedure duration, mortality, sepsis, and cost.
Data extraction and quality assessment were done in duplicate.

Data synthesis Six studies (three RCTs and three NRSI), including 863 participants, were included. Data were ana-
lysed separately for RCTs and NRSIs. The RCTs were at low risk of bias, but NRSIs were at moderate to serious risk. The
pooled estimates from RCTs showed a decrease in malposition rates (2 studies, 165 participants, risk ratio/RR 0.45, 95%
confidence interval/Cl 0.23, 0.90) and procedure duration (3 studies, 196 participants, mean difference —6.1 min, 95%
Cl -84, —-3.8 min) with real-time ultrasound use. There was no reduction in sepsis. Mortality was not reported. The
certainty of evidence was low for malposition rates and procedure duration. The data from NRSIs showed a reduc-
tion in malposition rates (3 studies, 667 participants, risk ratio/RR 0.10, 95% confidence interval/Cl 0.07, 0.14) with-

out an impact on procedure duration and sepsis. However, these findings did not improve the evidence.

Conclusions Low certainty evidence suggests that using real-time ultrasound for umbilical venous catheterisation
reduces malposition rates. There is a clinically insignificant reduction in procedure duration. There is no sufficient data
to come to a conclusion on the critical outcomes of sepsis and mortality.
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Introduction

Achieving quick and reliable vascular access is vital
in managing critically ill neonates. While peripheral
venous access suffices mostly, central venous access is
required for the reliable delivery of vasoactive drugs
and parenteral nutrition. An umbilical venous cath-
eter (UVC) is the most common central venous cath-
eter used in critically ill neonates and preterm neonates
below 32 weeks gestational age. The procedure of
UVC placement is blind, with the depth of insertion
calculated using various formulae, including Shukla’s
[1], Dunn’s [2], etc. While the procedure is quick and
requires minimal personnel training, the catheter tip is
often malpositioned. Malposition rates accounted for
about 42% of adverse events related to UVC insertion
in neonates [3]. Malposed catheters need to be reposi-
tioned, increasing the handling of the vascular access
and exposure to radiographs. In some cases, reposi-
tioning may not be successful, requiring UVC removal.
Inadvertent use of malpositioned lines, especially with
a tip in the liver, can have disastrous complications [4].

Several measures have been proposed to improve
the UVC malposition rates. These include but are not
limited to using a double catheter technique, posi-
tioning the infant in the right lateral position, manual
liver mobilisation, and using real-time ultrasound for
tip location [5]. There is increasing data on utilising
ultrasonography (US) for UVC insertion [6], confirma-
tion of tip position [7], migration assessment [8], and
confirmation of catheter-related adverse events. Ultra-
sonography is increasingly used in intensive care set-
tings (neonatal, pediatric and adult) for central venous
access. A recent meta-analysis included eight studies
assessing the role of the US in peripherally inserted
central catheters (PICC) in neonates [9]. Compared to
X-rays, the US had a comparable sensitivity of 95.2%
(95% CI 91.9%, 97.4%) and a lower specificity of 71.4%
(95% CI 59.4%, 81.6%). In children, using the real-time
US for central venous catheter insertion increased the
likelihood of successful placement (likelihood ratio:
1.32; 95% CI 1.10, 1.58) and decreased the mean num-
ber of attempts (mean difference: —1.26 attempts; 95%
CI--1.71, -0.81) [10].

A recent systematic review and meta-analysis noted
that ultrasound with saline contrast is superior to con-
ventional anteroposterior X-rays for confirming UVC
tip position in neonates [7]. There were no published
meta-analyses on real-time or point-of-care ultrasound
(POCUS) for UVC insertion. With this background, we
performed a systematic review and meta-analysis com-
paring real-time ultrasound-guided umbilical venous
catheterisation with the conventional blind technique to
improve catheter malposition rates in neonates.
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Materials and methods

The protocol was prospectively registered with PROS-
PERO (CRD42024567895) and can be accessed at
https://www.crd.york.ac.uk/  prospero/display_record.
php?RecordID =567895. We adhered to the methods
of the Cochrane Handbook for Systematic Reviews of
Interventions [11]. We reported as per Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) and Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines [12, 13].

We included all randomised controlled trials (RCTs)
and non-randomized studies of interventions (NRSIs) in
which real-time ultrasound for umbilical venous cath-
eterisation was compared with the conventional blind
technique to decrease catheter malposition rates. We
decided to include NRSIs because of the small number of
trials available. We considered the malposition rates to be
the primary outcome. The secondary outcomes were a)
mortality, b) sepsis, c) the procedure duration, d) repo-
sitioning rates, e) adverse events related to UVC place-
ment (liver lesions, thromboembolism, etc.) and f) cost.
Malposition was defined as an inappropriate location of
the UVC tip using an X-ray or an ultrasound. On X-ray,
the tip position is determined using the cardiac silhou-
ette or vertebral body methods [14]. The tip location in
the inferior vena cava—right atrium (IVC-RA) junction
was considered optimal on ultrasound [15, 16]. Mortality
was defined as death before discharge due to any cause.
Sepsis attributable to the umbilical line was defined as
features of infection with positive blood culture occur-
ring between 24 h of UVC insertion and 24 h of UVC
removal [17]. The procedure duration was assessed from
the initiation of the procedure to completion, i.e., suture
placement. The cost attributable to UVC catheterisation
would include the cost of material (catheter, disposable
items), personnel, and procedure (X-ray or ultrasound).

We searched MEDLINE (PubMed; 1966 to July 2024),
EMBASE (1980 to July 2024), the Cochrane Library
(1996 to July 2024), and Web of Science (1964 to July
2024) on 11 July 2024. The search strategy is shown in
eTablel, Supplementary Digital Content. The refer-
ence lists of the included studies and published reviews
were also searched to identify relevant trials. To identify
ongoing trials, we searched ClinicalTrials.gov and the
ISRCTN registry. In addition, we searched grey litera-
ture through Google Scholar and ResearchGate websites.
Two reviewers (RPA and EAR) independently performed
the title and abstract screening and full-text screening.
Any disagreements were resolved by mutual discussion
or involvement of the third reviewer (ASA). The data
extraction from the included studies was performed by
two reviewers (RPA and ASA) in a blinded manner. Any
disagreements were resolved by mutual discussion or
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involvement of the third reviewer (EAR). We extracted
the following data on the methodology- setting, study
design, inclusion and exclusion criteria, details of blind
technique (personnel, formula for depth of insertion) and
the ultrasound-guided technique (experience and train-
ing of personnel, ultrasound machine and probe details)
and co-interventions used. The outcome data (gestational
age, birth weight, day of life, and outcome details) were
recorded in an Excel sheet.

We assessed the risk of bias using the Cochrane Risk
of Bias tool, version 2 (RoB2) for RCTs [18] and the
Risk of Bias in Non-randomized Studies of Intervention
(ROBINS-I) tool for NRSIs [19]. We assessed RCTs in the
domains of random sequence generation, allocation con-
cealment, the blinding of the participants and personnel,
the blinding of the outcome assessment, selection of the
reported result, and other possible sources of bias. For
NRSIs, we assessed the risk of bias due to confounding,
selection of participants, classification of interventions,
departures from intended interventions, missing data,
measurement of outcomes, and the selection of reported
results.

Statistical analysis

We decided to conduct a meta-analysis if at least two
studies compared similar interventions and comparators
and measured the outcome(s) similarly. The meta-analy-
sis was performed separately for RCTs and NRSIs, given
their distinct risk of bias. Heterogeneity was explored
through consideration of the study populations (e.g.
differences in gestational age and birth weight), inter-
ventions (e.g. different formulae for depth of insertion,
expertise of personnel performing ultrasound), outcome
definitions (e.g. tip position assessed by X-ray versus
ultrasound) and in statistical terms, by the 12 statistic.
The 12 statistic, with a level of >50%, indicated moderate
heterogeneity and 12>80% as significant heterogeneity.
Given the similar nature of intervention across the stud-
ies, a fixed-effects model was used. The meta-analysis
was performed using the Cochrane statistical package,
RevMan 5.4 software. The effects of the intervention
were expressed as risk ratio (RR) for dichotomous data
and as mean difference (MD) for continuous data, with
95% confidence intervals (CI).

If permitted, sensitivity analyses were planned to com-
pare overall estimates with estimates from studies at
low risk of bias. The reasons for significant heterogene-
ity were planned to be analysed when 12 was>50%. Sub-
group analyses were planned for different birth weight
groups (<1000 g vs>1000 g), gestational age groups
(<28 weeks vs > 28 weeks), and settings (high vs. low- and
middle-income countries). The certainty of evidence was
downgraded when the heterogeneity was unexplained.
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We planned to assess the publication bias using fun-
nel plots if the number of studies was more than 10. The
Cochrane Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach [20]
was used to assess the level of evidence (LOE).

Results

Six studies, including 3 RCTs [21-23] and 3 NRSI [24-
26], were included in the meta-analysis. Four ongoing
RCTs were identified [27-30]. The PRISMA flow diagram
is shown in Fig. 1. The list of excluded studies is pro-
vided in eTable 2, Supplementary Digital Content. The six
included studies provided data on 863 participants: 438
in the intervention group (ultrasound-guided UVC inser-
tion) and 425 in the standard practice group. The char-
acteristics of the included studies are shown in Table 1.
Three studies were from high-income countries [23-25],
one from upper-middle-income [26] and two from lower-
middle-income countries [21, 22]. The characteristics of
the participants are shown in Table 2. One author pro-
vided additional data on request [21].

The risk of bias assessment is summarised in Table 3.
While the RCTs were of good quality, the NRSIs had a
moderate to serious risk of bias, predominantly due to
problems in analysis methods (no measures were taken
to control for confounding domains) and outcome assess-
ment (lack of blinding of outcome assessment, and differ-
ent reference standards were used for tip confirmation in
intervention and standard treatment arms).

The results of the meta-analysis are shown in Table 4.
The forest plots are shown in Fig. 2. On meta-analysis of
RCTs, a statistically significant reduction was noted in
the malposition rates (2 studies, 165 neonates; RR 0.45,
95% CI 0.23, 0.90) and the procedure duration (3 stud-
ies, 196 participants; MD —6.1 min, 95% CI —8.4 min,
—3.8 min). Analysis of NRSIs also showed reduced mal-
position rates (3 studies, 667 neonates; RR 0.10, 95%
CI 0.07, 0.14) but no decrease in procedure duration
(Table 4). None of the studies reported the outcome of
mortality. There was no significant reduction in sepsis
incidence, both in RCTs (1 study, 112 neonates; RR 0.44;
95% CI 0.10, 1.84) and NRSIs (1 study, 114 neonates; RR
3.73; 95% CI 0.38, 37.03). Rossi et al. and Guzmadn-de la
Garza et al. reported the cost for X-rays but not the over-
all cost difference per our definition. Hence, we did not
consider it for analysis.

We could not explore the reasons for heterogeneity
further due to inadequate studies. We could not assess
for publication bias using the funnel plots, as only three
studies were available. We could not perform preplanned
subgroup analyses. The certainty of evidence assessed
using the GRADEpro software is shown in Table 4. The
certainty of evidence varied from low to very low for the
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outcomes studied. Including data from the NRSIs did not
improve the certainty of evidence.

Discussion

In this systematic review and meta-analysis, we assessed
the role of real-time ultrasound in umbilical venous cath-
eterisation. Three RCTs and three NRSIs were included
in the meta-analysis. We found low-certainty evidence
that using real-time ultrasound decreases malposition
rates and reduces the duration of the procedure. Very
low-certainty evidence suggested no impact on neonatal
sepsis rates. The outcomes of mortality and cost of care
were not reported.

An anteroposterior X-ray is typically used to confirm
the tip position. However, it has some disadvantages,
including delay in initiating infusions awaiting the X-ray,
exposure to ionising radiation, and logistic challenges in
procuring the X-ray [31]. Recent studies have emphasised
the role of ultrasonography in estimating the correct
UVC tip location in various scenarios- to assess tip navi-
gation during the procedure (real-time) [32], to confirm
the tip position after placement (post-procedure) [7] and
to assess the tip location while in use (migration assess-
ment) [8]. In a recent meta-analysis, X-ray was shown to
have a comparable sensitivity of about 90% (95% CI 71%,
97%) and a lower specificity of 82% (95% CI 53%, 95%)
when compared to ultrasound or echocardiography, for

confirming tip location [7]. The reason for higher accu-
racy with ultrasound could be the difficulty in captur-
ing expiratory film with X-ray in neonates. As a result,
the diaphragm could have a dynamic position, varying
with the phase of respiration and lung expansion, espe-
cially in ventilated neonates. All these factors indicate
that ultrasound can potentially replace X-ray in umbilical
catheterisation.

In a meta-analysis assessing complications of UVC in
over 14,000 neonates, malposition was the commonest
adverse event, accounting for about 41.7% (95% CI 27.6%,
56.5%) of the adverse events (13.4% of all UVCs had an
adverse event) [3]. Malposition results in the handling
of the neonate (line repositioning or removal), the need
for repeat X-rays to confirm the tip location and addi-
tional expenditure. Increased handling of central venous
devices may increase the risk of infections and result in
unwarranted morbidity. Hence, it is imperative to adopt
evidence-based strategies to decrease malposition rates.

The reliability of the US depends on the operator’s
skill (knowledge of anatomical landmarks, skill in using
the US, and experience) and the appropriateness of the
equipment used (US machine resolution and type of
probe chosen) [33]. If strict asepsis protocols are not
adhered to, concern regarding the increased risk of sep-
sis is relevant. Such confounding factors highlight the
need for structured training programmes to improve the



Page 5 of 9

(2025) 17:4

Anne et al. The Ultrasound Journal

1312Y38D SNOUSA [ed1jIqwin DA/ ‘Aydesbouosesyin Dsy) ‘|el} Pa||o13uod pasiwopuel [ DY

21Is
Ji3edayaud ay3 ul sem 11 ayi 4 uonsod jessyduad e Jo
11eay Y3 Ul Sem i JI Uoilsod [eiiuad e 9A31Yde 0}
1UNoWe awos Aq pa12a1i0d sem diy -dnolb Ael-x
uopasul bulnp siaAnsuew uolel|ide) -dnoib ngn

paynads suoN

payads suoN

SNSOUSA SNIDONP 3Y3 Ylm
UISA [BD1]IGWIN 343 UbIje O3 J2dNPSuUeIl 3yl Aq (Uswopae
12ddn) JaAl] 9Y1 UO USAID Sem ainssald -dnoib Hsn

uonisod 1ybu ay3 payoeas din

191943eD 91 |13 ‘S9sNUls SnouaA [eyod direday ayi ssaud
-W0D 0} 9qoid punosesn ay3 yim paljdde sem ainssaid
9]3uab -uaA |eniod 01Ul 9SINOD JURLRQY -dNoIb DS

paule1go uolsod 9gens [1un auwli}
|31 U] pamaIA ‘butuoisod Js1ayied jewndogns usym
pa15266Ns a1am suole|ndiuew 1aayied -dnolb Hsn

punoselyn -uosod di|

(2102

-U3[e9H D) BUIYDB punosesin 63 DIDOT Y3 Buisn
ZHN / 01195 8goid [1I0123S 0IDIU (| —HS -DUIYDBIA
UOI3eZI|eNSIA pUNOSeIIN Ul

paousnadxa Jolelado Jayioue Aq uonebiaeu di] 1s1b60
-|01eUOSU JO UOISIAISANS JapuUN Bululel] JUSIDLYNS YIIM
JUSPIS3I B 10 351D0|01RUOSU JURYNSUOY) ~[2UUOSID]

punosel}n -uosod di|

Auedwo)) Buibew| [e1pajy UOSIYD WOy

aulyoew s Buisn agoud Jeaul| ZH 81—/ -2Ulyde
101e49d0 PUNOSEIIN SE UDPISAI JDYI0UY

'35INU B AQ PR1SISSe I0120P 1USPISIY -[UU0SISd

Kel-x -uonisod di|

(92IE23ESHID) BuIydeW SN

3DIDOT & WOk ZHIN | L—F) 9g0id X9AU0D D) § -3UIYde
1s1bojolpel e Jspun

paulel} $35160]01RUOSU JURYNSUOD € -[UU0SIDd

KeJ-x -uonisod di|

UO1BSI[eNSIA 191337 10 US|} Suljes

|W G0 '9qoid ZHW 8+ ‘(YSN 'UoIBUIYseAL) BulydeW
punosesl|n (0guN ) 91SOUOS W(Yifn4 -auiydey
Juawiedap Abojolpes Ul buluiely Aep G| 1aie
(3s160j01RUOBU) J01EDIISIAUL AIPWILH ~[2UUOSID

Kel-x -uonisod di|

(ZH 8-1) @q0oid 101035 e YuM 9bp3 91ISOUOS -aUlYdeN
sa1euoau Joj Aydesbouoselyn

21e2-J0-1ulod Ul paulell 101eb1ISaAUl 9|BUIS -|2UU0SIDd

Kel-x -uonisod di|

21ed41|eaH

D1123|3 [BIBUSD) ‘| PIAIA ‘9014 JeaulT ZHN €1 RUIyde
uolsiAJ2dNS J12pUN 1USPISI B 10 ©SN

SWii-|eal Ul paduaIadxs 15160]01eUOIN [2UUOSISd

Kel-x -uonisod di|

e|nuwioy epnys -yibua

15160[01

-BUO3U JO UOISIAIRANS Japun Bulules} JuadLNSs Yum
JUSPISAI B O 15160]01PUOSU JURYNSUOY) ~[2UUOSId]

Keu-x -uolisod di|
e[NWLIOJ BIRLIDH PUE BPNYS -YIbua
35INU B AQ Pa1sIsse 10100p 1USPISAY -[2UUOSIDd

Kei-x -uolysod di|
e|NWIOJ BIRIID4 pUB BPYNYS -Y1bua]
payidads 10N -[2UUosIad

Kel-x -uonisod di|
(Pay1dads 10U) pINWIO paulwIRlopaid -y1busT
payDads 10N -[2uUU0sIdg

Kel-x -uonisod di|
B|NWIOJ BIRIIS4 PUB B NYS -Y1buaT
MO||9} [PIEUOSU P3UR]] -[UU0SISd

Kei-x -uonisod di|

Jsuonnoeid 01 a7 -y1bua

Je1s asnoy duielpad pue sid

-uopioeld 3sINU [PIRUOSU 'SMO||4 [EIRUOSN -[2UUOSISd

9A1102dS0119Y
¥¢0¢ ealpuy,d

9A1109ds0113Y
020¢ ezJeo) e| op-upwizno

9A1102dS0119Y
0T 1550y

104
7C0C BIYSIN

104
coc iney

1Dy
L 107 Buiwal4

SUOIJUAAIRIUI-0D)

uoiIasul papinb punosesyn

ainpadoid puljq piepuels ubisap Apnis 4eak 4oyiny

S3IPN1S PapPN|DUl JO SDIISHAIDRIRYD) | dqel



Anne et al. The Ultrasound Journal (2025) 17:4 Page 6 of 9
Table 2 Characteristics of participants
Author, year Sample size Male gender Gestational age Birth weight (grams) Age
(weeks) Mean (SD) or Median [IQR] Mean (SD)
Mean (SD) or or Median
Median [IQR] [IQR]
Fleming 2011 Intervention- 15 Not specified 31+4(4+1) 1728 (1133) Not specified
Control- 16 30+2(5+2) 1312 (917)
Kaur 2022 Intervention- 26 19 (73%) 334 (4.5) 1987 (903) 2[1,2] days
Control- 27 21 (78%) 325(45) 1741 (755) 1[1,2] days
Mishra 2024 Intervention- 58 28 (48%) 33.7 (4.5) 1,672 [1,060-2,365] 5[2-14] hrs
Control- 54 32 (59%) 335(43) 1,445 [1,020-2,245] 2[2-12] hrs
Rossi 2022 Intervention- 38 Not specified 31.5[30-32] 1,889 [1,643-2,135] Not specified
Control- 54
Guzman-de la Garza 2020 Intervention- 52 Not specified 33.6(3.6) 1,893 (846) Not specified
Control- 62 334(3.6) 1,859 (776)
D’Andrea 2024 Intervention- 249 Not specified 32.9(5.24) 1909 (1032) Not specified
Control- 212
SD standard deviation, /QR interquartile range
Table 3 Risk of bias assessment
a. Randomised controlled trials
Author, year Randomization Deviations from Missing Measurementof  Selection of the Overall Bias
process intended interventions outcome data the outcome reported result
Fleming, 2011 Low Some concerns? Low Low Some concerns? Some concerns
Kaur, 2022 Low Low Low Low Low Low
Mishra, 2024 Low Some concerns? Low Low Low Some concerns
b. Non-randomised studies of intervention
Author, year Biasdueto  Bias Biasin Bias due to Bias due Biasin Bias in Overall bias
confounding inselection of classification  deviation tomissing  measurement selection of
participants in of from intended data of outcomes  the reported
to the study interventions interventions result
Rossi, 2022 Moderate® Low Low Low Low Moderate® Low Moderate
Guzman-dela  Moderate® Low Low Low Low Serious®® Low Serious
Garza, 2020
D'’Andrea, 2024  Moderate® Low Low Low Low Serious?e Low Serious

2 Intention to treat analysis was not used

b A prespecified analysis plan or a published protocol was not found

¢ Did not use appropriate analysis methods to control confounding domains and time-varying confounding

9The outcome assessors were not blinded/ no information was provided on blinding

€The gold standard for confirming tip position differed in the intervention (ultrasound technique was used) and control (X-ray was used) groups

operator’s skills. A recent protocol suggested using small
sectorial probes, 7-8 MHz, with a low subcostal longi-
tudinal view for assessing tip navigation and a subcostal
longitudinal view for assessing tip location [32].
Although we followed the Cochrane Handbook meth-
odology, the study has a few limitations. The data was
limited, and only a few studies with few participants
were available. The sample size from high-quality studies
(RCTs) is insufficient for the primary outcome of mal-
position. About 45% of neonates enrolled in the control

arm had malposition in 2 studies that provided data in
this meta-analysis [21, 22]. Suppose real-time US use
was to reduce the malposition rates by about 25% (i.e.,
to approximately 34%). The total sample size required is
650, assuming equal group sizes to achieve a power of
80% for detecting a difference in proportions of —0.11
between the two groups (test-reference group) at a two-
sided p-value of 0.05 [34]. The critical outcomes of mor-
tality and sepsis were not adequately reported. All the
studies were single-centre studies. Hence, there is a need
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Table 4 Meta-analysis
Outcome Study type Participants (studies) Risk ratio (95% Cl) Certainty of evidence
Mean difference (95% Cl)
Malposition rates RCTs 165 (2) 0.45 (0.23,0.9) LoweaP
NRSI 667 (3) 0.10(0.07,0.14) VERY LOW<d
Procedure duration RCTs 196 (3) —6.1 (=84, —3.8) minutes Lowd
NRSIs 114(1) —2 (-8.6,4.6) minutes VERY LOW@<€
Sepsis RCTs 112(1) 044 (0.10, 1.84) LOweae
NRSIs 114 (1) 3.73(0.38,37.03) VERY LOWa<€

Cl confidence interval, RCT randomised controlled trial, NRS/ non-randomised studies of interventions

2 Wide confidence interval (downgraded by 1 for imprecision)

b Risk of bias (downgraded by 1)
¢ Serious risk of bias (downgraded by 2)

912 of > 75% (downgraded by 2 for serious inconsistency)

€ Data was from one single-centre study (downgraded by 1 for inconsistency)

a. Malposition rates
RCTs

Real-time Ultrasound

Standard method

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kaur 2022 11 26 20 27  46.3%  0.26 [0.08, 0.82] —a—
Mishra 2024 12 58 16 54  53.7% 0.62 [0.26, 1.47] —a—
Total (95% CI) 84 81 100.0% 0.45 [0.23, 0.90] -~
Total events 23 36

ity: Chi? = = = 212 = 30% [ + t J
_I;_ieterfogeneltyl.lclgl: . ;4_3,2d2f7 P1_(P0 0(2).23), | 30% 0.01 o1 1 100

est for overall effect: Z = 2.27 (P = 0.02) Favours [Real-time US] Favours [Standard method]
NRSIs
Real-time ultrasound  Standard method Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
D'Andrea 2024 24 249 161 212 81.1% 0.03 [0.02, 0.06] +
Guzman-de la Garza 2020 27 52 50 62 11.3% 0.26 [0.11, 0.60]
Rossi 2022 14 38 28 54 7.5% 0.54 [0.23, 1.26] —
Total (95% CI) 339 328 100.0% 0.10 [0.07, 0.14] P 2
Total events 65 239

ity 2 _ — L2 0, I 1 I 1
?eterfogeneltyl.lc?fl = 326._6?2(1;0—“)2 (P0<Og.(;)é)10)01), 12 = 95% o1 o 10 100

est for overall efrect: Z = 12. <0 Favours [real-time US] Favours [standard method]
b. Procedure duration
Real-time Ultrasound Standard method Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Fleming 2011 75 25 15 139 49 16 0.7% -64.00 [-91.14, -36.86]
Kaur 2022 23.96 6.42 26 30 1.83 27 79.3% -6.04 [-8.60, -3.48] .
Mishra 2024 31.3 13.7 58 35.7 13.8 54  20.0% -4.40 [-9.50, 0.70] =
Total (95% CI) 929 97 100.0% -6.12 [-8.40, -3.84] ¢

ity: Chi? = =2(P= = b } t |
Heterogeneity: Chi* = 17.91, df = 2 (P = 0.0001); I* = 89% oo 5 5o 100

Test for overall effect: Z = 5.26 (P < 0.00001)

Favours [Real-time US] Favours [Standard method]

Fig. 2 Forest plots. RCTs Randomised controlled trials, NRSIs Non-randomised studies of interventions, M-H Mantel-Haenszel method, C/ confidence

interval, |V Inverse variance, US Ultrasound

for large multi-centric trials with adequate sample sizes
to answer this research question. Such studies should
evaluate and report the outcomes of sepsis related to
UVC (i.e., central-line associated bloodstream infections/

CLABSI) and complications specific to UVC placement
(e.g., hepatic lesions and thrombosis), differences in the
cost of care due to use of real-time ultrasound, in addi-
tion to the critical outcome of mortality.
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Conclusion

We conclude that low certainty evidence suggests a
reduction in malposition rates and procedure dura-
tion with real-time ultrasonography during umbilical
venous catheterisation. Further studies are required to
assess the effect of real-time ultrasound on sepsis and
mortality outcomes.
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