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jugular vein puncture:
A meta-analysis
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Abstract

Objective: This meta-analysis was performed to evaluate the safety and efficacy of the oblique-
axis plane in ultrasound-guided internal jugular vein puncture.

Methods: We searched Embase, PubMed, the Cochrane Library, Web of Science, and China
National Knowledge Infrastructure for relevant randomized clinical trials comparing the oblique
axis with the short axis in ultrasound-guided internal jugular vein puncture.

Results: Five randomized clinical trials were included in this meta-analysis. The pooled meta-
analysis showed that the incidence of arterial puncture in the oblique-axis group was significantly
lower than that in the short-axis group. No significant difference was found in the first-pass
success rate between the oblique-axis group and short-axis group. Additionally, there were no
significant differences in the puncture success rate or number of attempts required between the
two groups.

Conclusion: Ultrasound-guided internal jugular vein puncture using the oblique-axis plane
reduced the risk of arterial puncture, but no difference was found in the first-pass success
rate, puncture success rate, or number of attempts required.
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Introduction

Internal jugular vein puncture is widely
used in the operating room and intensive
care unit. The traditional puncture method
is based on anatomical landmarks and may
therefore lead to several complications such
as arterial puncture, hematoma formation,
and others.' Ultrasound is used to display
the blood vessels and surrounding tissues of
the neck and accurately locate the internal
jugular vein.* Several randomized clinical
trials and meta-analyses have shown that
ultrasound-guided internal jugular vein
puncture not only increases the first-pass
success rate but also reduces the risk of
complications.”®

The ultrasonic positioning method com-
monly involves use of the short- and long-
axis planes. The former can only show the
cross section of the puncture needle,” while
the latter can only display the internal jug-
ular vein. The oblique-axis plane, a new
method of localization that combines the
advantages of the short- and long-axis
planes, can show both the internal jugular
vein and internal carotid artery.'®!!
However, the safety and efficacy of the
oblique-axis plane are still controversial.
This meta-analysis was performed to deter-
mine the safety and efficacy of the oblique-
axis plane in ultrasound-guided internal
jugular vein puncture.

Materials and methods

This meta-analysis was conducted accord-
ing to the recommendations of the

Cochrane Handbook for Systematic
Reviews of Interventions and the recom-
mendations of PRISMA.'*!* All analyses
were based on previously published studies;
thus, no ethical approval was required.

Inclusion criteria

Studies were included if they met the fol-
lowing criteria: the study was a randomized
controlled trial (RCT), the study involved
adult participants, and ultrasound-guided
internal jugular vein puncture was evaluat-
ed. For interventions, the experimental
group involved ultrasound examination
with the oblique-axis plane, while the con-
trol group involved ultrasound examination
with the short-axis plane. The following out-
comes were included in this meta-analysis:
the incidence of arterial puncture, the first-
pass success rate, the puncture success rate,
and the number of attempts required.

Exclusion criteria

Studies were excluded for the following rea-
sons: the study design was a non-RCT, ret-
rospective study, review, or case report or
the study had no target outcomes.

Search strategy

We searched Embase, PubMed, the
Cochrane Library, Web of Science, China
National Knowledge Infrastructure, and
other Chinese databases for relevant ran-
domized clinical trials that compared the
oblique axis with the short axis in
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ultrasound-guided internal jugular vein punc-
ture up to 31 October 2017 without language
restriction. The references of the identified
studies were also searched to identify any
additional relevant studies. The English
search terms were ‘“ultrasound,” “internal
jugular vein,” and “oblique axis.”

Assessment of study quality

The quality of the included studies was inde-
pendently assessed by two investigators
according to the Jadad scale.'* The follow-
ing items were evaluated: whether randomi-
zation was performed and whether the
method was correct, whether allocation con-
cealment was used and whether the method
was correct, whether blinding was performed
and in whom the method was used, and
whether there were withdrawals or dropouts.

Data extraction

The following data were extracted by two
authors using standard data tables: first
author, year of publication, country,
number of participants, target outcomes,
intervention details, and study characteris-
tics. The primary end point of this
meta-analysis was the incidence of arterial
puncture, and the secondary end points
were the first-pass success rate, the puncture
success rate, and the number of
attempts required.

Statistical analysis

We used Review Manager version 5.3 (The
Cochrane Collaboration, The Nordic
Cochrane Centre, Copenhagen, Denmark)
to conduct all statistical analyses.
Heterogeneity'® was assessed with the I? sta-
tistic, and I? > 50% was regarded as signifi-
cant. The following analytical methods were
used: an a priori fixed-effects model was
used, and we selected a random-effects
model to perform the meta-analysis when
I? was >50%.

Subgroup and sensitivity analyses were
performed on factors that may contribute
to the heterogeneity of the prima-
ry outcome.

Dichotomous outcomes are reported
using the Mantel-Haenszel risk ratio (RR)
with 95% confidence interval (CI), and con-
tinuous outcomes are reported as the mean
difference with 95% CI.

Results

Trial selection

Figure 1 shows the results of the search pro-
cess. In total, 70 studies were included in the
initial search in accordance with the search
strategy. After excluding non-relevant liter-
ature and non-original studies by reading
titles and abstracts, 14 articles were
selected. Finally, only five studies'®?°
were included.

Characteristics and quality of
included studies

The details of the studies included in the
meta-analysis are shown in Table 1. Two
authors independently evaluated the quality
of the RCTs reported in these studies using
the Jadad scale for randomization, alloca-
tion concealment, blinding, and with-
drawals or dropouts of all enrolled
studies. Only one of the studies'® was clas-
sified as low-quality (Jadad score of <2); all
other studies'” " were all classified as high-
quality studies (Jadad score of >3).

Outcomes of pooled studies

Four studies reported the incidence of arte-
rial puncture.'®'®2° No arterial puncture
was reported in the study by Wang.'” No
significant heterogeneity was found between
studies (I’=0), and a fixed-effects model
was used to analyze the outcome. The
data extracted from relevant studies
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Figure I. PRISMA flowchart of the included studies. RCT, randomized controlled trial.

indicated that the oblique-axis plane in
ultrasound-guided internal jugular vein
puncture leads to a significantly lower inci-
dence of arterial puncture than the short-
axis plane (RR, 0.13; 95% CI, 0.02-0.70;
P=0.02) (Figure 2).

Four studies involving 391 participants
reported the first-pass success
rate.'®!"1920 Sjonificant heterogeneity was
found between studies (I=256%), and a
random-effects model was used to analyze
the outcome. The pooled meta-analysis

showed no difference in the first-pass suc-
cess rate between the two groups (RR, 1.11;
95% CI, 0.97-1.28) (Figure 3).

Four studies involving 391 participants
reported the puncture success
rate.'®!7192 There was significant hetero-
geneity between studies (I=259%), and a
random-effects model was used to analyze
the outcome. No significant difference was
found in the success rate of puncture
between the two groups (RR, 1.03; 95%
CI, 0.96-1.11) (Figure 4).
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Table |. Study characteristics of all randomized trials included in the meta-analysis

Patients Groups Target Jadad Concealment
Study Country (n) (planes) outcomes® score Blinding allocation Randomized Follow-up
Kang and China 159 oblique-axis, I,2,3,4 2 | 0 0 |
Wang, 2017 short-axis
Wang and China 120 oblique-axis, 1,2,3,4 5 | | 2 |
Wen, 2016 short-axis
Wu et al.,, 2016 China 180 oblique-axis, 4 5 | | 2 |
short-axis
Batllori Spain 220 oblique-axis, 1,2, 3 6 | 2 2 |
etal, 2016 short-axis
Ma et al,, 2016 China 60 oblique-axis, 1, 3, 4 4 | | | |
short-axis

*1: first-pass success rate, 2: number of attempts required, 3: puncture success rate, 4: arterial puncture.

oblique-axis short-axis Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Welght M-H. Fixed, 95% Cl M-H, Fixed, 95% C
kang zhong jie 2017 0 53 3 53 304%  0.14[0.01,270] * &
ma yan 2016 0o 30 1 30 130%  0.33[0.01,7.87)
wang wei 2016 0 40 0 40 Not estimable
wu wen 2016 0o 80 6 60 565%  0.08(000,134 W ———
Total (95% CI) 183 183 100.0%  0.13 [0.02, 0.70] e
Total events 0 10 B g . '
Heterogeneity: Chi* = 0.47, df = 2 (P = 0.79); I’ = 0% St o : 20 00

Test for overall effect: Z = 2.37 (P = 0.02)

Figure 2. Forest plot for incidence of arterial puncture in oblique versus short axis. M-H, Mantel-Haenszel;

Cl, confidence interval.

Favours [experimental] Favours [control]

oblique-axis short-axis Risk Ratio Risk Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H, Rand 95% CI M-H, Randem, 95% Cl

kang zhong jie 2017 53 53 48 53 401% 1.10[1.00, 1.21] .
m.batllori 2015 53 72 51 73 23.3% 1.05[0.86, 1.29] =
ma yan 2016 21 30 10 30 53% 2.10[1.20, 3.67] ¥
wang wei 2016 37 40 35 40 31.4% 1.06 [0.91, 1.22) —T=
Total (95% CI) 195 196 100.0% 1.11[0.97, 1.28] e
Total events 164 144 . ) ) )

i Tau? = . Chi? = - - p= + + + +
Heterogeneity: Tau® = 0.01; Chi* = 6,86, df = 3 (P = 0.08); I’ = 56% 05 07 1 15 2

Tesl for overall effect: Z = 1.56 (P = 0.12)

Figure 3. Forest plot for first-pass success rate in
Cl, confidence interval.

Data on the number of attempts required
were reported in three studies.'®'”' The
heterogeneity test showed that I?=91%,
and a random-effects model was used to
analyze the outcome. The oblique-axis
plane did not reduce the number of
attempts required (mean difference, —0.28;
95% CI, —0.06-0.11) (Figure 5).

Favours [experimental] Favours [control]

oblique versus short axis. M-H, Mantel-Haenszel;

Sensitivity and subgroup analyses

Only five studies were

come; therefore,

sent review.

identified for
inclusion in the present review, and no het-
erogeneity was found in the primary out-
we did not perform
subgroup or sensitivity analyses in the pre-
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oblique-axis short-axis Risk Ratio Risk Ratio
__Study or Subgroup _Events Total Events Total Weight M-H, Rand 95% Cl M-H, Random, 95% CI
kang zhong jie 2017 53 53 51 53 323% 1.04 [0.97, 1.11] T
m.batllori 2015 68 72 m 73 31.2% 0.97 [0.91, 1.04] -
ma yan 2016 30 30 24 30 10.3% 1.24[1.03, 1.50] )
wang wei 2016 39 40 38 40 26.2% 1.03[0.94, 1.12) ]
Total (95% Cl) 195 196 100.0% 1.03 [0.96, 1.11] ?
Total events 190 184
Heterogeneity: Tau? = 0.00; Chi® = 7,38, df = 3 (P = 0.06); I = 59% o‘iss nf 1 ' 5 1 5

Tesl for overall effect: Z = 0.93 (P = 0.35)

Favours [experimental] Favours [control]

Figure 4. Forest plot for puncture success rate in oblique versus short axis. M-H, Mantel-Haenszel;

Cl, confidence interval.

oblique-axis short-axis
kang zhong jie 2017 03 03 53 09 04 53 356%
m.balllori 2015 1.37 0.84 72 151 0987 73 30.5%
wang wei 2016 11 0.38 40 1147 05 40 33.9%
Total (95% CI) 165 166 100.0%

Heterogeneity: Tau®* = 0.10; Chi* = 2249, df = 2 (P < 0.0001); F=91%
Test for overall effect: Z = 1.43 (P = 0.15)

Mean Difference

Mean Difference

% C1 1V, Random, 95% CI
-0.60[-0.73, -0.47) — W —
-0.14 [-0.44, 0.16] e
-0.07 -0.26, 0.12) — -
0.28[-0.66,0.11] e —-—
05 025 0 025 05

Favours [experimental] Favours [control]

Figure 5. Forest plot for number of attempts required in oblique versus short axis. SD, standard deviation;

Cl, confidence interval; IV, inverse variance.

Discussion

In the present study, we retrieved five RCTs
to demonstrate the safety and efficacy of the
oblique-axis plane in ultrasound-guided
internal jugular vein puncture. The results
showed that the oblique-axis plane may
reduce the incidence of arterial puncture
in ultrasound-guided internal jugular vein
puncture. However, no significant differ-
ence was found in the first-pass success
rate, the puncture success rate, or the
number of attempts required between the
two groups.

Several clinical trials'®?* have indicated
that compared with the anatomical land-
marks technique, ultrasound-guided inter-
nal jugular vein puncture could lead to a
higher first-pass success rate and puncture
success rate with fewer attempts required
and a lower incidence of arterial puncture.
However, the present meta-analysis showed
no significant difference in the first-pass
success rate, the puncture success rate, or
the number of attempts required between
the oblique-axis plane and short-axis

plane. Indeed, ultrasound can display the
blood vessels and surrounding tissues of
the neck with both the oblique- and short-
axis approaches, and the number of studies
and samples are too small to show a signif-
icant difference. We also found that
between different studies, the first-pass suc-
cess rate and the puncture success rate were
different between the two groups. Different
ultrasound machines (SonoSite, Bothell,
WA, USA and GE Healthcare, Chicago,
IL, USA) and ultrasonic frequencies rang-
ing from 4 to 13 MHz may be two of the
factors resulting in these differences.

The common carotid artery is located
below or inside the internal jugular vein,
and these two vessels are partially or
completely overlapped in the short-axis
plane;®* thus, needle tip visualization may
be more difficult.® Arterial injury may
occur when the line intensity is too large.
The oblique-axis plane not only shows the
anatomical position of the internal carotid
artery and vein but also the anatomical posi-
tion of the internal carotid artery and vein;
therefore, the puncture process can be better
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observed. The present meta-analysis showed
the same result as reported in previous clin-
ical trials;'®?° namely, that the oblique axis
plane leads to a low risk of arterial puncture.
Like the first-pass success rate in ultrasound-
guided internal jugular vein puncture, the
risk of arterial puncture was also based on
the operator’s experience. We found that
skillful operators were involved in the
study by Wang,!” which may explain why
no arterial puncture was observed.

In all RCTs of the present meta-analy-
sis,'?% ultrasound-guided internal jugular
vein puncture was performed by experienced
experts; however, the most useful method for
less-experienced operators remains unclear.
Additionally, no study has been conducted
to determine which method is best in patients
for whom internal jugular vein puncture is
expected to be difficult. Future studies
should focus on less-experienced operators
and patients with presumed difficult punc-
ture to confirm the present findings.

Several limitations of this meta-analysis
should be considered. First, the quality of
the included trials was uneven. Second, the
number of included RCTs was small. Third,
four of the studies included in the present
meta-analysis were conducted in China;
more studies involving different races and
countries are still needed to estimate wheth-
er the present findings represent the global
practice of internal jugular vein puncture.
Because we only included published litera-
ture, the search strategy could have affected
the meta-analysis results.

Conclusion

The results of the present study show that
ultrasound-guided internal jugular vein
puncture using the oblique-axis plane may
reduce the risk of arterial puncture, but
there was no difference in the first-pass suc-
cess rate, puncture success rate, or number
of attempts required. Thus, large-sample,
multicenter randomized clinical trials are

still needed to confirm the

conclusions.
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