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Abstract

Background: In this study, we aimed to evaluate the accuracy of echocardiography compared to plain radiography in determining
the appropriate line tip position of peripherally-inserted central catheters (PICC). Also, we aimed to evaluate the relationship be-
tween independent predictors (chronological age, birth weight, gestational age, and gender) and related complications with PICC
line tip position.

Methods: In this prospective observational study, which was performed in the neonatal intensive care units of teaching hospitals
affiliated with Iran University of Medical Sciences in 2019, 50 out of 96 neonates were non-randomly selected based on inclusion
criteria. The radiographic and echocardiographic tests were simultaneously performed, and the data were analyzed.

Results: The findings of this study showed that there was an agreement between radiography and echocardiography in determin-
ing the PICC line tip position in 43 neonates (86%). The sensitivity and specificity of echocardiography in determining the ectopic
position of the catheter were 81% and 77%, respectively. In 32 neonates (64%), a second radiograph prevented the following line ma-
nipulation using echocardiography. In addition, there was no significant relationship between independent predictors (chrono-
logical age, birth weight, gestational age, and gender) and PICC line complications.

Conclusions: The results of the present study showed that echocardiography was a useful tool for determining the position of the
catheter’s tipin LBW neonates. Italso minimizes radiation exposure on subsequentradiographs and obviates the need for additional
radiographs following catheter manipulation by echocardiography.
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1. Background rate of hospitalization of premature neonates. In fact, ac-
cess to venous routes for supplying nutrients, water, and

Vascular access is an important aspect of treatmentin  gJectrolytes, as well as essential drugs, is a common chal-
neonates. Central venous catheters, which are embedded lenge in neonatal intensive care units (NICUs) (1, 5). Due
in peripheral veins, have been considered for this purpose ¢4 the Jong-term hospitalization of premature neonates in
in recent years (1). Approximately 8 - 33% of the neonates  jcys and the fact that it is not possible to use peripheral
admitted to the intensive care unit (ICU) need this type  yeins as vascular routes for a long time, it is important to
of catheter for receiving further care (2). Although ra-  fnq an alternative method to secure long-term access to
diography is the most common method for locating the  jpravenous routes (2). Concerns over the complications
catheter’s tip, it provides limited information on the cor- of central venous cannulation, including pneumothorax,
rect position of the peripherally-inserted central catheters arterial cavities, and poor patient acceptance, have led
(PICC) (3). In addition, the confirmation of the position of ¢, the introduction of PICC catheters (i.e., central venous
the catheter’s tip using radiography has many disadvan-  catheters)(6). The PICCisa thin, long catheter (14-16 inches

tages (4). Despite advances in antenatal care, premature  jongymade of either soft, flexible silicone or polyurethane.
births have increased in recent years, leading to a higher
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This catheter is usually inserted into large peripheral veins
in the arm (the cephalic or basilic vein) or into the supe-
rior vena cava near the heart. Due to the long-term appli-
cability of PICC catheters, this procedure can reduce the
need for repeated needling of infants (7). The application
of PICCin infants requires a specialized and privileged bed-
side operation without a need for surgical interventions.
In addition, PICCs are associated with a lower risk of cir-
culatory infections compared to non-tunnel catheters (8,
9). In recent years, ultrasound (USG)/echocardiography
hasbeen widely used to locate the catheter’s tip (10), which
is important to prevent the migration or displacement of
the catheter. Also, the incidence of catheter migration or
catheter displacement, including slipping, extrusion, and
thrusting, varies from 5% to 31% (11).

2. Objectives

Given the above-mentioned, we here aimed to evalu-
ate the accuracy of echocardiography compared to plain
radiography in determining the position of the PICC line’s
tip in the infants admitted to the NICU. Also, we evaluated
the relationship between independent predictors (chrono-
logical age, birth weight, gestational age, gender, and intu-
bation status) and the PICC line’s tip position.

3. Methods

In this prospective observational study, out of 96
neonates, 50 cases admitted to the NICU in teaching hospi-
tals affiliated with the Iran University of Medical Sciences
in 2019 were studied. These neonates were non-randomly
chosen by the convenient sampling method based on in-
clusion criteria. The neonates’ demographic information
wasrecorded into a data collection form. For each neonate,
the catheter placement process was simultaneously moni-
tored through radiographic and echocardiographic exam-
inations. Using SPSS, the results of these two processes
were compared by the chi-square test, and in some cases,
by the Fisher’s exact test. Also, the sensitivity and speci-
ficity of echocardiography were determined by comparing
the results of the two tests.

Chest X-ray is the standard diagnostic method for con-
firming the position of the central venous catheter’s tip.
The primary purpose of the present study was to compare
the sensitivity and specificity of portable echocardiogra-
phy with that of chest X-rays. Thus, we used a sonogra-
phy machine with a variable-frequency 4- to 8-MHz curvi-
linear P10xp probe (SonoSite, Inc, Bothell, WA) and a scan
depth of 15 cm. Because the primary aim of our study was

to determine the sensitivity and specificity of echocardio-
graphy (and not a combination of echocardiography and
ultrasound), we did not use a linear probe.

Non-random convenient sampling was performed
considering inclusion and exclusion criteria. The data
were collected by field study using a checklist. Hemody-
namically stable infants admitted to the teaching hospitals
affiliated with the Iran University of Medical Sciences, who
were expected to need a venous line for more than a week,
were included. Exclusion criteria were contraindications
to PICC implantation such as coagulopathy, confirmed ve-
nous thrombosis, generalized skin disease, skin infections
at the catheter insertion site, being transferred to a center
other than the educational centers affiliated with the Iran
University of Medical Sciences, chromosomal abnormali-
ties, and the diagnosis of congenital diseases during hos-
pitalization.

Chest X-ray-guided catheterization was performed on
either the right or left vein. If it was required to be con-
ducted on the right upper extremity, then one of the fol-
lowing three ideal positions were adapted to position the
catheter’s tip during the procedure:

(1) The junction of SVC at the right atrium (up to 2 cm
above the junction, and 1 cm inside the right atrium for
preterm infants and 2 cm for term infants).

(2) and (3) The upper part of mid-SVC or through the
innominate vein.

It is noteworthy that for left-sided catheters, the ideal
tip position is at the caval-atrial junction, and the other
two positions are inappropriate. Also, looping the catheter
or positioning it through azygous, hemiazygos, internal
jugular, or subclavian veins is inappropriate during the
procedure.

The ideal target tip position at the lower extremity is
the inferior vena cava-right atrial junction (outside the car-
diacsilhouette)in aregion above the L2 vertebrae, with the
tip of the catheter being visible. The appropriate position
of the catheter’s tip based on echocardiography is defined
as the positioning of the tip at the junction of the SVC and
right atrium (up to 2 cm above the junction, 1 cm inside
the right atrium in preterm infants, and 2 cm in term in-
fants). When the tip is undetectable, its position can be
estimated by rapidly injecting a bolus of saline through
the distal lumen of the catheter, known as the bubble test.
When micro-bubbles are evident in the right atrium within
less than 2 seconds after the beginning of the injection, the
test is considered positive, indicating an appropriate posi-
tion of the catheter’s tip.

3.1. Ethical Considerations

The present study was approved by the institutional
ethics committee. We also obtained informed consent and
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provided parents with complete information about their
neonates’ conditions in this study. The principle of confi-
dentiality was observed, and no additional costs were im-
posed on the patients’ families. There was no compulsion
to participate in the study.

4. Results

A total of 50 neonates with a mean age of 4.38 = 1.9
days were examined in this study. According to Figure 1, A
16% of the neonates were evaluated on the third day, 30%
on the fourth day, and 16% on the fifth day after birth. As
showninTable1,in 86% of the neonates, the catheter’s loca-
tion was in agreement with the prediction of echocardiog-
raphy, and in14%, the catheter’s location was not consistent
with echocardiography. According to the ROC curve (Fig-
ure 2), in comparison with chest radiography, the sensitiv-
ity and specificity of echocardiography in determining the
appropriate position of the PICC catheter in neonates were
81% and 77%, respectively.

Table 1. The Catheter’s Location by Echocardiography

Valid No. (%)
Compatible to graph 43(86)
Not compatible with graph 7(14)

Total 50 (100)

Five out of seven cases in whom the results of echocar-
diography and chest X-ray were inconsistent had an ideal
tip position based on chest X-ray; however, the position
of the tip of the catheter was rather unsuitable according
to echocardiography. In three cases (one male and two fe-
males) in weeks 28, 34, and 35 of their gestational age, the
tip of the catheter was found to be inserted through the
oval foramen into the left atrium, which is regarded as an
inappropriate position. As a result of catheter malalign-
ment, two neonates in weeks 27 and 32 of their gestational
age were diagnosed with tricuspid valve dysfunction.

In two cases, the position of the catheter was actually
inappropriate, while based on echocardiography, it was in
a suitable position. The diagnostic accuracy of echocar-
diography in determining the appropriate position of the
PICC catheter in neonates was 100% on the first day, 75% on
days 2nd, 3rd, and 5th, and 87.7% on day 4th. the worst ac-
curacy was on 10th day (0%).

Also, the results of the chi-square test showed that
there was no statistically significant relationship between
the two variables. According to the results of the present
study, the neonates’ weight, gestational age, and intuba-
tion status or mode were not significantly associated with
the specificity and sensitivity of echocardiography. In 32
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neonates (64%), echocardiography obviated the need for a
second radiograph to determine the new location of PICC
following manipulation of the catheter.

5. Discussion

Vascular access is an important aspect of neonatal
treatment. Chest X-ray is the gold standard diagnostic
method to confirm the position of the central venous
catheter’s tip. The primary purpose of this study was to in-
vestigate the sensitivity and specificity of portable echocar-
diography compared to that of chest X-ray in identify-
ing the correct position of the PICC catheter’s tip in the
neonates admitted to NICU.

The improper position of the upper limbs relative to
the trunk (adduction versus abduction or not performing
the frog-leg position for lower extremities), crying, rest-
lessness, and deep breathing of the baby can negatively af-
fect the tip’s location during catheterization as monitored
by chest X-ray.

For upper catheterization, shoulder abduction and el-
bow flexion will decrease the distance between the tip of
the catheter and the heart while inserting the catheter into
the basilic vein. When the catheter is inserted into the
cephalic vein, abduction of the arm and flexion of the el-
bow cause it to move away or become closer to the heart,
respectively (12). During echocardiography, these dynamic
changes can be observed, and the inappropriate location
of the catheter’s tip can be corrected if necessary in several
respiratory and cardiac cycles.

In a 2012 study by Jain et al. (13) in Canada, the re-
searchers focused on SVC and RA, which are the most com-
mon sites of PICC placement in preterm neonates and po-
tentially have the widest margins of error. This study on 22
low birth-weight, preterm neonates showed that echocar-
diography and radiography findings were consistent in
59% of the cases, while 41% required a concurrentapproach
such as echocardiography in addition to radiography.

In other studies, the overall agreement between ra-
diography and echocardiography for the position of the
PICC line’s tip in neonates was reported to be 60 to 80%.
In a study by Diemer three decades ago, the utility of ul-
trasound in the detection of the position of the silastic
catheter’s tip was investigated in neonates, showing that
ultrasound can reduce the need for radiography for posi-
tioning the catheter’s tip (14). In addition, Ohki et al. (15)
recently provided further evidence that ultrasound was a
useful and practical method for determining the position
of the catheter’s tip in infants, reporting an agreement of
75% to 93% between ultrasound and radiography in deter-
mining the catheter tip’s position in SVC and RA, which was
broadly different from that reported by Jain et al. (59%)
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Figure 1. Neonates’ age distribution (days)

(13). The discrepancy between the two methods can be at-
tributed to the difficulty of accurately detecting the SVC/RA
junction in radiography and the differences in physicians’
perceptions of this point. In Jain et al.’s study, ultrasound
had an obvious advantage in accurately detecting the posi-
tion of the tip rather than the SVC/RA junction (16). In ad-
dition, the position of the PICC tip varies depending on the
position of the baby’s limbs.

In another study by Tauzin et al. (17) in France,
which was published in 2013, out of 89 infants with PICC
catheters, all had low birth weight. It was reported that
the use of echocardiography increased diagnostic accu-
racy during PICC placement, and its use along with ra-
diography was recommended to increase the accuracy of
catheter placement (18).

In the present study, the catheter’s location was cor-
rectly determined by echocardiography in 86% of the
neonates but not in 14% of the cases. Also, comparing
echocardiography with chest radiography in terms of de-
tecting the position of PICC in neonates based on ROC
curve analysis, the sensitivity and specificity of echocardio-
graphy were obtained as 81% and 77%, respectively.

Five out of seven cases for whom the findings of
echocardiography and chest X-ray were inconsistent
showed an ideal tip position based on chest X-ray but an
inappropriate position based on echocardiography. So,
the catheter’s tip was repositioned to a suitable location.

In many neonates, the first attempt to insert catheters
often leads to mispositioning, requiring repositioning
the catheter and reperforming X-ray radiography. Us-
ing echocardiography; however, increases the chance
of appropriate positioning of catheters even in the first
attempt.

In a prospective cohort study, Motz et al. (19) compared
the validity and accuracy of ultrasound with that of ra-
diography in identifying PICC mispositioning in neonates.
They showed that out of 30 neonates (96.6% (n=29) prema-
ture and 63.3% (n =19) with a birth weight above 1500 gr),
the results of ultrasound and radiography were consistent
in 94 % (n = 28) of the cases. Also, in this study, the sensi-
tivity was 0.97, and the specificity was 0.66, with a positive
predictive value of 0.98. Ren et al. (20), in a 2-year retro-
spective analytical study, examined the performance of ul-
trasound in determining the position of the PICC’s tip in
newborns and showed that out of 186 patients, PICC place-
ment was successful in 174 (93.5%) cases. In 11 patients, the
catheter’s tip was out of place (i.e., too deep in the right
atrium in four patients, low-deep in four cases, and mispo-
sitioned in three patients). Moreover, the sensitivity and
specificity of ultrasound in identifying the location of the
PICC’s tip were 100%.

One of the most common complications of catheter
placement is pneumothorax (PTX), which according to re-
ports, comprises 30% of all mechanical side effects of PICC
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Figure 2. ROC curve analysis

placement. The probability of occurrence of this compli-
cation varies between 1% and 6.6% (21). Two cases of pneu-
mothorax were diagnosed in our study using chest X-ray,
which could not be detected by echocardiography.
According to the results of the chi-square test, there
was no statistically significant relationship between birth
weight and the sensitivity and specificity of echocardio-
graphy in determining the appropriate position of PICC
in neonates (P = 0.612), and the diagnostic accuracy of
this method was found to be 100% for most birth weight
groups. The birth weight has been shown to be an inde-
pendent risk factor for complications, contributing to the
success or failure of PICC placement (17). Using univari-
ate and multiple logistic regression analyses, many stud-
ies have shown the role of independent predictors such as

] Compr Ped. 2022;13(3):€123120.

birth weight, gestational age, chronological age, and dura-
tion of PICC placement in the occurrence of complications
and determining the appropriate position of PICC. More-
over, these variables have been reported to be associated
with the risk of PICC-related complications and PICC po-
sitioning. The findings of some of these studies are con-
sistent with our observations, yet some of them have re-
ported different results from ours.

Lietal. (22) showed that premature neonates weighing
more than 1,500 gr were less likely to develop PICC compli-
cations than neonates weighing less than 1,500 g. Accord-
ing to Hoffman et al., a high birth weight may also protect
the baby from PICC-related complications (23).

Sengupta et al. (24) found that PICC complications had
no significant association with gestational age, chronolog-
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ical age, and birth weight. The differences between the
findings of previous studies and our observations appear
to be due to differences in the quantitative mean of each
of the independent predictor variables (including birth
weight, gestational age, chronological age, gender, and
PICC duration), as well as differences in the populations
studied and sample sizes in each research.

In another study by Wen et al., gestational age and
chronological age had no association with complications,
while birth weight, as an independent variable, showed a
significant relationship with the occurrence of complica-
tions (25). Neonates with a gestational age of lower than
32 weeks, chronological age of lower than seven days, and
birth weight of less than 1,500 g were significantly more
likely to develop PICC complications (14).

Regarding the diagnostic accuracy of echocardiogra-
phy in determining the appropriate position of PICC in
neonates based on gender, the diagnostic accuracy of this
technique was found to be 73.9% in female infants and
77.8% in male infants. The results of Fisher’s exact test also
showed that there was no statistically significant relation-
ship between these two variables (P=0.503).

Regarding the sensitivity and specificity of echocardio-
graphy in determining the appropriate position of PICC in
neonates based on gestational age, the results showed that
in 76% of the neonates, the catheter was placed in the cor-
rect position, and in 24% of cases, the catheter was mis-
placed. Based on the results obtained in this study, none
of gestational age, intubation status, and the mode of ven-
tilator had significant associations with the sensitivity and
specificity of echocardiography.

5.1. Conclusions

This study highlighted the value of echocardiogra-
phy as a useful tool for determining the position of the
catheter’s tip in LBW infants, providing the possibility for
real-time examination of the catheter’s position, minimiz-
ing exposure to radiation by obviating the need for obtain-
ing secondary radiographs following catheter manipula-
tion.
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