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Abstract

Background: Umbilical vein catheterization is usually conducted for preterm neonates in neonatal intensive care units to admin-
ister medication, fluid and nutrition, and blood transfusion. However, catheter tip malposition can cause complications.
Objectives: There are different methods to detect the accuracy of catheter’s position; hence, this study aimed to compare the diag-
nostic accuracy of radiography vs echocardiography to determine the accurate tip position of umbilical vein catheter.
Methods: This cross-sectional study was performed on all 104 neonates admitted to the neonatal intensive care units of hospitals
affiliated to Shiraz University of Medical Sciences from March 2017 to January 2018. At first, the length of the catheter was estimated
based on Dunn method. After catheterization, thoraco-abdominal radiography and echocardiography were performed by a pedi-
atric radiologist who was blinded to the study objectives, and the data were recorded in two forms. Finally, data were analyzed by
McNemar’s test, using SPSS 17 software.
Results: The sensitivity, specificity, positive predictive value and negative predictive value by radiography and echocardiography
for the catheter tip position in the inferior vena cava-right atrium junction was calculated 100%. Moreover, catheters were located
in the ductus venous, inferior vena cava, inferior vena cava-right atrium junction, right and left atrium in echocardiography were
in the radiograph equal to thoracic vertebrae of T9-T11, T9, T6-T10, T5-T8, and T4-T6, respectively.
Conclusions: Our study suggests that even though echocardiography is as reliable as radiography for early detection of the catheter
tip position, it can also avoid complications of catheter malposition quicker than radiography.
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1. Background

The umbilical vein catheterization (UVC) is usually per-
formed in ill or preterm neonates in neonatal intensive
care unit (NICU) (1). It was first used for blood transfusion
in 1947 by Diamond (2). Nowadays, it is also used to ad-
minister medication, fluid and nutrition, and also to mea-
sure blood gases, electrolytes and central venous pressure
in premature neonates (3, 4).

Some complications were reported for incorrect posi-
tion of UVC, such as infection, hepatic necrosis, pericardial
and pleural effusions, peritoneal fluid collections, throm-
bosis, embolism, endocarditis, cardiac arrhythmias, car-
diac tamponade, and pulmonary infarction that can lead
to life-threatening complications in 0.2% - 4% of cases (5).

The junction of inferior vena cava (IVC) and right
atrium (RA) are the best places for UVC tip, with minim
complications (6). Although the clinical experts can use a

formula to identify the appropriate length of UVC (7), there
is a possibility that the catheter tip might not enter the ex-
act place due to umbilical vascular malformation or vari-
ous pathologies of the thorax or liver (1). Thus, UVC tip po-
sition must be verified by effective monitoring technique
after its insertion (8). Nowadays, thoraco-abdominal radio-
graphy (TAR) is frequently used to confirm the correct UVC
position (9). Previous studies reported that lateral radiog-
raphy, ultrasonography, echocardiography might be able
to enhance TAR effect when determining UVC tip (10). In a
study by Pulickal et al. (11) the sonography or echocardio-
graphy was reported to be even more effective than TAR in
finding the catheter tip. Ultrasonography was used in 1995
by Greenberg et al. (12), reporting an excellent outcome
in the monitoring of UVC tip. On the contrary, Ades et al.
(13) reported a poor correlation between radiography and
echocardiography in identifying UVC tip position. Since
this technique is time consuming and requires additional

Copyright © 2020, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

http://dx.doi.org/10.5812/ijp.101658
https://crossmark.crossref.org/dialog/?doi=10.5812/ijp.101658&domain=pdf


Yazdani N et al.

knowledge, it is not routinely performed (14). Although the
previous studies (11, 13) have compared TAR and echocar-
diography to identify UVC tip position, there is controversy
in their results in addition to being conducted on a small
sample size of neonates with different heart anatomy due
to genetic differences as well as not using any formula and
landmark.

2. Objectives

This study aimed to compare the diagnostic accuracy
of TAR vs. echocardiography to determine the accurate tip
position of UVC.

3. Methods

In this cross sectional study, premature or ill neonates
who were < one week old and admitted to NICUs of the
two main hospitals in Southern Iran (Namazee and Hafez)
between March 2017 and January 2018, requiring UVC
placement were included in this study. Exclusion criteria
were requiring blood transfusion, resuscitation, and emer-
gency condition for which the catheter tip was inserted
only about 2 - 3 cm in the umbilical vein, severe congen-
ital or chromosomal anomalies in neonates, and parents’
unwillingness to take part in the study. Also, the neonates
with omphalitis, omphalocele, gastroschisis, necrotizing
entrocolitis (NEC), or peritonitis were excluded due to con-
traindication of UVC insertion. Thus, the sample size was
obtained by the census method (n = 104).

At first, the study design was approved by the Insti-
tutional Review Board of Shiraz University of Medical Sci-
ences. Informed consent was obtained from the parents
of all neonates. Then, a neonatologist filled a form, con-
taining information on neonate’s age, gender, birth weight
(BW), gestational age, and associated diseases, such as res-
piratory distress syndrome (RDS), congenital heart disease
(CHD), and pneumonia.

The catheter diameter for the neonates who were less
than 1250 g or greater than 1250 g was 3.5 and 5 Fr, re-
spectively. In this study, we used Vygon Company catheter,
France. Umbilical vein catheterization was done based on
sterile conditions and NICU protocol. The catheter length
was calculated based on the Dunn method (15), and also
using the diagram as a landmark. Before placement, ac-
cording to Dunn method, neonatologist measured the dis-
tance between the shoulder to the umbilicus, and then the
length of the inserted catheter was determined based on
the standard curve. After placement, TAR (Amx (4+) GE,
Milwaakee, WI, USA Mobile Radiography) in supine posi-
tion was done to determine the UVC tip position by a dose

of 0.005 msv. TAR result was recorded in a form. Repeat
TAR was done if the catheter was repositioned. TAR was
performed in closest temporal relation to the echocardio-
graphic analysis.

After TAR, echocardiography (Mindray system with a
high frequency probe, by subcostal coronal view and bi-
caval view) was performed by a pediatric cardiologist af-
ter the last replacement TAR. The pediatric cardiologist was
blinded to the official TAR readings until the end of the
study. The time interval between TAR and echocardiogra-
phy was documented as well as the best view to see the
tip. Echocardiography examined UVC tip in the neonates,
and the result was recorded in another form. Information
like the reason for catheterization, catheter tip position in
radiography and echocardiography, catheter tip position
with vertebral appendages, length of the inserted catheter,
and complications was recorded.

In this study, the correct position for UVC was consid-
ered between IVC and RA (IVC-RA junction).

3.1. Statistical Analyses

IBM SPSS Statistics 17.0 was used (IBM Corp., Armonk,
NY, USA). Descriptive statistics (mean and standard devia-
tion, and frequency) were used to summarize the demo-
graphic data. Moreover, sensitivity and specificity between
TAR and echocardiography were compared by McNemar’s
test. P value < 0.05 was considered to be statistically signif-
icant.

4. Results

The study population was 104 neonates admitted to
NICUs of two hospitals in Shiraz, Iran. Demographic char-
acteristics of the involved neonates, including gender, ges-
tational age, birth weight, and neonatal diseased condi-
tion, such as RDS, CHD, and others are shown in Table 1.

Amongst the 104, UVC insertion was evaluated with
echocardiography, the catheter tip was in the left atrium
(LA) (11 cases), in RA (17 cases), in the IVC-RA junction (15
cases), in IVC (one case), and in the ductus venous (DV)
(nine cases), and the remaining cases that were not in these
positions were in radiography in the liver or under the liver
(Table 2).

Since the diaphragm was considered as a landmark to
determine the catheter tip position in echocardiography
and TAR, in the cases that catheter tip was either on top,
below or on the diaphragm, were similar in both of them.
Our results showed that 30 cases (28.8%) the tip was located
on the top of the diaphragm, 62 cases (59.6%) below the
diaphragm, and 12 cases (11.6%) on the diaphragm (Figure
1), and the specificity, sensitivity, positive predictive value
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Table 1. Participants’ Demographic Characteristics (N = 104)a

Minimum Maximum Values

Quantitative variable

Gestational age 25 41 33.24 ± 4.20

Birth weight 700 4350 2034.13 ± 971.64

Qualitative variable

Neonatal diseased
condition

Prematurity +
RDS

63 (60.58)

CHD 19 (18.26)

Others 22 (21.16)

Sex

Male 57 (54.80)

Female 47 (45.20)

Abbreviations: CHD, congenital heart disease; RDS, respiratory distress syn-
drome; SD, standard deviation.
aValues are expressed as No. (%) or mean ± SD.

(PPV) and negative predictive value (NPV) were approxi-
mately 100%. Based on the catheter length on the Dunn
curve, it was appropriate in 62 cases (59.6%), too deep in
eight cases (7.7%), and too shallow in 34 cases (32.7%). The
mean of catheter length was 7.82± 1.55 cm (4 - 11.5). On the
other hand, in 59.6% of cases, catheter tip was correctly in-
serted while in 40.38% it was not.

Amongst 62 correctly inserted catheter tips, 17 cases
were in correct position while 45 cases were in the incor-
rect position, using echocardiography. Also, among 42
cases where the catheter tip was inserted incorrectly, in
eight, it was in the correct position and 34 cases were in the
incorrect position (Figure 2). These results indicate that
the Dunn curves had the specificity, sensitivity, PPV and
NPV of 68%, 43%, 27.4% and 80.9%, respectively.

Based on the Dunn curve, in cases where the length of
catheter was correctly inserted, echocardiography showed
that the catheter tip was located in RA, LA, and IVC-RA junc-
tion (perfect location). However, in cases which the length
of the catheter was inserted less than the standard value
of the Dunn curve, it was located in the IVC-RA junction,
RA, IVC, and DV. Also, in cases in which the length of the
catheter was inserted in the upper standard value of the
Dunn curve, the tip was located in LA and RA (Table 3).

Also, our results revealed that catheters located in the
DV, IVC, IVC-RA junction, RA, LA in echocardiography were
in TAR equaled to T9-T11, T9, T6-T10, T5-T8, and T4-T6, respec-
tively (Table 4 and Figure 3).

In the present study, McNemar’s test showed that the
sensitivity, specificity, PPV, and NPV by TAR and echocar-
diography to determine the catheter tip in IVC-RA junction

and IVC were high (100%), but in RA and LA were low (Table
5).

5. Discussion

In this study, we showed that echocardiography is as re-
liable as TAR for determining UVC tip position, and can be
suggested as an alternative.

Currently, the best site for UVC is IVC, between the hep-
atic vein drainage and entry into the RA. In this regard, our
results revealed that 24.1% of the catheter tips in echocar-
diography were in an acceptable position (DV, IVC or IVC-
RA junction). However, Harabor et al. (16) showed that in
57% of 51 neonates, UVC was in acceptable position, in the
supra-hepatic IVC up to RA entry while Ades et al. (13) re-
vealed that in 23% of 53 cases, the catheter tip was in the RA.
These differences can be related to the different type and
size of their samples, or the equipment and setting in dif-
ferent countries.

Moreover, our results revealed that radiography had
acceptable sensitivity and specificity in determining the
tip of UVC, except for the atrium, but echocardiography
was almost more standard. These findings confirm our hy-
pothesis, which is in line with the result of a comparative
study that revealed a sensitivity, specificity, PPV, and NPV of
86%, 75%, 90%, and 67%, respectively based on the house staff
physicians’ ability to discriminate malpositioned catheter
from an ideally placed catheter in echocardiography (11).
However, Karber et al. (1) and Harabor et al. (16) did not re-
port sensitivity or specificity of the diagnostic methods in
their study.

In our study, catheters located in DV, IVC-RA junction,
RA, LA in echocardiography were in TAR equaled to T9-T11,
T6-T10, T5-T8, and T4-T6, respectively. Also, all catheters lo-
cated below T12 were inside the liver or under the liver,
and all those located at T4-T5 were in the arteries and
heart. Therefore, the ideal position was the IVC-RA junc-
tion, which could be from T6 to T10, but its mean value
was 8.6 ± 0.9 (T8-T9). However, the catheter tip position
at acceptable positions (DV, IVC, and IVC-RA junction) can
be between the T6 and T10 (17). In this regard, Pulickal1 et
al. (11) showed that all catheters at T6 and other vertebrae
above it were in the heart; 58% catheters were located in
the LA. At T7, 82% of catheters were incorrectly positioned
with the tip in RA. At T8-T9, 90% catheters were correctly
positioned at the IVC-RA junction, 100% at T9. All catheters
at T11 and other vertebrae under it were in the liver prox-
imal to the DV (11). TAR is a valid tool for a skilled person
to determine the catheter tip with radiography based on
diaphragmatic landmarks, vertebrae and chest anatomy,
but in cases that the catheter tip is in the LA, TAR cannot
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Table 2. Catheter Tip Position According to TAR and Echocardiography (N = 104)a

Catheter Tip Inferior of Liver Liver DV IVC IVC-RA Junction RA LA

In TAR 9 (8.7) 43 (41.3) 8 (7.75) 1 (1) 15 (14.4) 24 (23.1) 4 (3.8)

In echocardiography 51 (49) 9 (8.7) 1 (1) 15 (14.4) 17 (16.3) 11(10.6)

Abbreviations: DV, ductus venous; IVC, inferior vena Cara; LA, left atrium; RA, right atrium; TAR, thoraco-abdominal radiography.
aValues are expressed as No. (%).

Figure 1. In 3-day-old baby, the tip of the umbilical catheter is located in the radiography in the right atrium and in the echocardiography simultaneously in the right atrium.

Figure 2. In 5-day-old baby, the tip of the umbilical catheter is located in the radiography in the right atrium and in the echocardiography simultaneously in the left atrium

detect it well. Therefore, echocardiography is more accu-
rate than TAR. In addition, echocardiography is cheaper,
lacks radiation, and more importantly, it can be simulta-

neously performed with a catheter insertion and quickly
diagnose the complications. In TAR method, since the ac-
tual position of the catheter tip cannot be determined, ra-
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Table 3. Cather Tip Position Based on Dunn Formula

DV IVC Junction IVC with RA RA LA

Correct of length catheter 6 0 11 12 7

Upper of length catheter 0 0 0 3 4

Lower of length catheter 3 1 4 2 0

Abbreviations: DV, ductus venous; IVC, inferior vena Cara; LA, left atrium; RA, right atrium.

Table 4. Catheter Tip Position by Echocardiography and Vertebral Appendages in TAR (N = 104)

T4 T5 T6 T7 T8 T9 T10 T11 T12-L5

DV - - - - - 3 (33.30) 4 (44.40) 2 (22.20) -

IVC - - - - - 1 (100) - - -

IVC-RA junction - - 1 (6.70) - 3 (20) 10 (66.70) 1 (6.70) - -

RA - 3 (17.60) 7 (41.20) 4 (23.50) 3 (17.60) - - - -

LA 1 (9.10) 8 (72.70) 2 (18.20) - - - - - -

T9-T10 - - - - - 9.89 ± 0.78 -

T6-T10 - - 6.80 ± 0.90 - - -

T5-T8 - 9.60 ± 0.10 - - - -

T4-T6 5 ± 0.53 - - - - - -

Abbreviations: TAR, thoraco-abdominal radiography.
a Values are expressed as No. (%) or mean ± SD.
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Figure 3. Catheter tip position by echocardiography and vertebral appendages in TAR

diography must be frequently taken (12); thus, this method
is time-consuming and costly. However, we should con-
sider the shortcoming of echocardiography, such as the es-
sential need of pediatric cardiologist to be available all the

time, which is a difficult condition in most neonatal cen-
ters in the developing world, while TAR results could be
evaluated by most neonatologists who are available at all
time. This issue can be resolved by training a neonatal spe-
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Table 5. The Sensitivity, Specificity, PPV, and NPV of Tar to Determine the Catheter Tip by TAR and Echocardiography

Catheter Tip Position NPVa , % PPVa , % Specificitya , % Sensitivitya , %

RA 100 70.83 80.55 100

DV 97.77 100 100 88.89

IVC 100 100 100 100

IVC-RA junction 100 100 100 100

LA 82.5 16.66 62.26 36.36

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; TAR, thoraco-abdominal radiography.
aMcNemar’s test.

cialist in a hospital. Therefore, using echocardiography is
preferred over radiography when a pediatric cardiologist
or trained neonatologist is within reach.

In addition, our results indicated that the Dunn curve
had poor specificity, sensitivity, PPV and NPV. Furthermore,
a study conducted by Shukla et al. (17) showed that the
catheter tip was inserted based on the Dunn method,
which was not accurate and caused over-insertion or low
position in the liver. In addition, they stated that the length
of the inserted catheter is more accurate based on BW and
suggested the following formula 1 + (3 + BW + 9)/2. Then,
in a study by Verheij et al. (9), Shukla formula was revised
due to excessive insertion of the catheter tip and proposed
the (3 + BW + 9)/2 Formula. This formula reduced the over-
insertion from 73% to 53%.

In our study, it seems that neither the Dunn nor any
other formula is precise or accurate as much as monitor-
ing the catheter tip at the time of the UVC insertion by the
echocardiographist. Due to different anatomical position
in the umbilical vein as well as the pathological conditions
in respiratory diseases can alter structure and/or function
of heart and the diaphragm (18), however, a single formula
cannot be determined.

5.1. Strengths and Limitations

In the present study, there were several limitations. Im-
portantly, we cannot generalize our results to other popu-
lations. Therefore, it is suggested to evaluate these results
in other parts of Iran. Another limitation was small sam-
ple size and the absence of Wright’s formula or other for-
mulas in our evaluation beside Dunn method. Thus, it is
recommended to conduct a larger trial in order to iden-
tify the possibility of replacing TAR assessment of UVC po-
sition via echocardiography as well as using another for-
mula. Despite these limitations, we had a pediatric cardi-
ologist available during the study period; thus, TAR and
echocardiography have been performed in a close time in-
terval. Moreover, this study can improve the diagnosis of
catheter tip in infants by simultaneous use of the afore-
mentioned methods, using the diagram as a landmark.

5.2. Conclusions

Our study suggests that echocardiography is as reli-
able as TAR for early identification of catheter tip position,
which can help to avoid complications of catheter malpo-
sition. Therefore, it is better to favor it when it is within
reach of a pediatric cardiologist or trained neonatologist
to reduce repeated radiography.
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