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ABSTRACT

Background: A proper depth of percutaneous central venous catheter (PCVC) is very
important to reduce procedural time and prevent various complications in very low birth
weight (VLBW) infants who require minimal handling or have a sensitive skin. The objective
of this study was to suggest a formula for faster and proper insertion of PCVC in VLBWIs to
prevent unintended consequences of patients’ conditions.

Methods: Prospective data of VLBW infants admitted from June 2015 to January 2018 who
had PCVC inserted via the great saphenous vein within seven days after birth were analyzed.
Correlations of length of inserted PCVC with body weight, body length, and postmenstrual
age at the date of PCVC insertion were determined with a linear regression analysis. Using
results of this analysis, a formula to determine the optimal insertion length of PCVC was
derived. Coefficient of determination was used to assess how well outcomes were replicated
by the formula.

Results: The formula to predict the proper insertion length of PCVC via the great saphenous
vein at popliteal crease level was obtained as follows: Optimal Length (cm) = 3.8 x Body
Weight (kg) + 11.1. With everyday movements such as flexion and extension of the lower
extremities, the mean difference in catheter tip position was 7.0 + 3.9 mm, which was not
significant enough to escalate the risk of catheter tip displacement. The rate of catheter-
related complications was as low as 4.9% in this study.

Conclusions: The formula derived from this study to predict the optimal PCVC insertion
length could benefit VLBW infants by reducing procedural time and lowering the risk of
complications.

Keywords: Catheterization; Central Venous; Infant; New Born

INTRODUCTION

Very low birth weight (VLBW) infants often show delayed establishment of enteral feeding,
hence requiring prolonged intravenous access. Percutaneous central venous catheter (PCVC)
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or peripherally inserted central catheter (PICC) is essential for medications, parenteral
nutrition, and fluid administration in VLBW infants weighing less than 1,500 g.1,2 PCVC is
preferable to peripheral venous catheter for VLBW infants in a neonatal intensive care unit
(NICU), especially for those who need prolonged intravenous therapy as they can tolerate
concentrated fluid without requiring frequent insertion.3-> PCVC is a safe and effective
technique for prolonged intravenous therapy in NICU.6,7 Patients in NICU are premature
and vulnerable who need considerable efforts for minimal handling and strict limitation

of intervention including insertion of PCVC.8 PCVC insertion should also be done in a

short period of time with few to no failed trials. The process should avoid skin irritation.?
However, in the actual field, multiple steps are taken during PCVC insertion. Before skin
puncture, the indirect length of the blood vessel is measured with a sterile tape measure.
After the catheter is inserted, the depth of the catheter is checked via X-ray imaging. If the
depth is not appropriate, the catheter is adjusted and checked with X-ray imaging again.
These steps are repeated as necessary until the catheter has a proper position. However, such
steps can prolong the procedure time and cause catheter related complications including
line-associated bloodstream infections, phlebitis, occlusion, external catheter leakage, and
effusion.10,11 Previous studies have found that movement of extremities is related to the
migration of the catheter tip.12 Furthermore, incorrect tip placement has been associated
with a high frequency of mechanical complications.13:14 Therefore, it is very important to
perform a precise and brief PCVC insertion. It is also important to minimally irritate the weak
skin barrier because the outcome of VLBW infants depends on proper and minimal handling
with fewer complications. Thus, in this study, we recorded the length of PCVC measured in
VLBW infants and analyzed different demographic and clinical factors to suggest a guideline
for fast and proper insertion of PCVC via the great saphenous vein. We also examined
possible complications of improper catheter position with day-to-day limb movements.

METHODS

This prospective cohort study included patients who were admitted to the NICU of Jeonbuk
National University Hospital from June 2015 to January 2018 with birth weights less than
1,500 g who had PCVC insertion done within seven days after birth. Patients whose PCVCs
were not inserted in the great saphenous vein and those who were born with a congenital
cardiac anomaly were excluded. Each patient’s gestational age, birth weight, gender, weight,
and length on the date of PCVC insertion, post menstrual age (PMA) on the date of PCVC
insertion, duration of PCVC, PCVC tip culture results, and complications were recorded. All
PCVCs were inserted using a 1 Fr (28G) single-lumen polyurethane catheter (Premicath®;
Vygon, Aachen, Germany) via the great saphenous vein. The catheter was inserted near the
popliteal crease level. The procedure was carried out in an aseptic environment by skilled
nurses and doctors. The catheter was initially inserted via a cannula into the vein. X-ray was
taken to confirm the location of the tip. Once a proper position was confirmed, the catheter
was fixed to the skin following the manufacturer’s instruction.

Data collection

Previous studies have shown that an ideal catheter tip location is 1 cm outside the heart in
premature infants.1> The majority of catheters placed at T8-T9 vertebra will lie at the junction
of the right atrium and the inferior vena cava.16 Therefore, in this study, optimal PCVC
catheter length was defined as the length inserted through the great saphenous vein at the
popliteal crease level to the inferior vena cava at the level of T9 vertebra body. To predict or
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calculate the optimal catheter length with a formula, we first measured the total indwelling
length of the catheter after inserting it with infant in a supine, straight-legged position. The
length between the catheter tip and the center of T9 vertebral body was measured through an
X-ray image using a picture archiving and communication system (PACS, Marosis M-view®
5.4; Marotech, Seoul, Korea). The length from the skin puncture site to the popliteal crease
level was measured with a tape measure for value adjustments. To evaluate the difference

in catheter tip position with leg movements, radiographs were taken again with the hip and
knee joints in 90-degree flexion for the infant in a supine position with knees touching the
floor. The difference was measured with the PACS. All X-rays were taken at a distance of 1.2
meters with a focus on the umbilicus.

Statistical analysis

Characteristics of study participants and associated variables are described as mean * standard
deviation (SD) for continuous variables. Linear regression analysis was used to evaluate the
optimal length of the catheter. Coefficient of determination (R?) was calculated to determine how
well observed outcomes could be replicated by the regression equation. A Pvalue of less than 0.05
was considered statistically significant. All statistical analyses were carried out with Statistical
Package for the Social Sciences (SPSS) version 23 for Mac OS (IBM Corp., Armonk, NY, USA).

Ethics statement

This study was conducted in accordance with the principles of the Declaration of Helsinki.
It was approved by the Institutional Review Board (IRB) of Jeonbuk National University
Hospital (IRB file No. 2014-05-001-004). Written informed consent was obtained from all
infants’ parents.

RESULTS

Among 91 VLBW infants admitted to the NICU of Jeonbuk National University Hospital,

30 infants were excluded. Twenty-one infants were excluded because PCVC was inserted

in the upper extremities. Two were excluded due to congenital cardiac anomaly. Seven

were excluded due to the lack of consent for participation in this study. Finally, a total of 61
patients were enrolled. The mean gestational age of these infants was 29.3 + 2.6 weeks. Their
average birth weight and birth length were 1,155.6 + 248.9 g and 37.2 + 2.5 cm, respectively.
Catheter insertion was performed on postnatal day 3.0 +1.0. On the day of PCVC insertion,
mean body weight, length, and PMA of infants were 1,106.9 + 248.0 g, 37.0 + 2.3 cm, and 29.6
+ 2.6 weeks, respectively. The mean duration of PCVC placement was 16.1 + 8.7 days (Table 1).

Table 1. Clinical characteristics of enrolled VLBW infants

Parameters Values (N = 61)
Gestational age, wk 29.3+92.6
Birth weight, g 1,155.6 + 248.9
Birth length, cm 37.2+2.5
Postnatal day of physiologic weight loss, days 5.4+1.2
Physiologic weight loss, % 10.1+ 4.4
Postnatal day of catheter insertion, days 3.0+1.0
Body weight on the day of insertion, g 1,106.9 = 248.0
Body length on the day of insertion, cm 37.0+2.3
PMA on the day of insertion, wk 29.6 + 2.6
Duration of catheterization, days 16.1+ 8.7

Numeric parameters are expressed as mean + standard deviation.
VLBW = very low birth weight, PMA = postmenstrual age.
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Fig. 1. Nomogram to determine the optimal length of the catheter in relation to body weight, body length, and PMA on the date of percutaneous central venous
catheter insertion. The optimal length of the catheter is on the Y-axis. It was defined as the length between the inserted site of the great saphenous vein at the
level of the popliteal crease and the tip of the catheter in the inferior vena cava at the level of the ninth thoracic vertebra body. Formulas for determining the
optimal length of the catheter obtained through simple regression analysis are as follows: (A) Optimal Length (cm) = 3.8 x Body Weight (kg) + 11.1 (R* = 0.78, P <
0.001), (B) Optimal Length (cm) = 0.3 x Body Length (cm) + 3.2 (R? = 0.54, P < 0.001), and (C) Optimal Length (cm) = 0.2 x PMA (week) + 9.0 (R? = 0.27, P < 0.001).
PMA = postmenstrual age, R* = coefficient of determination.
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Optimal length
In simple regression analysis, optimal length was calculated with three different formulas based
on body weight, body length, or PMA on the date of PCVC insertion (Fig. 1) as shown below:

Optimal Length (cm) = 3.8 x Body Weight (kg) + 11.1 (R? = 0.78, P < 0.001)
Optimal Length (cm) = 0.3 x Body Length (cm) +3.2 (R? = 0.54, P < 0.001)
Optimal Length (cm) = 0.2 x PMA (week) + 9.0 (R?=0.27, P < 0.001)

Length of catheter tip movement

The depth of the catheter tip tended to increase with flexion of the lower extremities. Mean
difference in catheter tip position was 7.0 = 3.9 mm. No other variables were related to

the length of catheter tip movement. However, there were two outliers, with catheter tip
movements being the greatest in two subjects whose skin puncture sites were the furthest
(5.2 and 4.4 cm) from the popliteal crease (Fig. 2).

Complication

There were three (4.9%) cases in this study in which the PCVC had to be removed due

to complications. One (1.6%) was due to phlebitis. One (1.6%) was due to mechanical
obstruction. The other one (1.6%) showed clinical signs of sepsis. Culture of the removed
catheter tip and blood yielded growth of methicillin resistant Staphylococcus aureus. Therefore,
central line-associated bloodstream infection (CLABSI) was diagnosed. Ampicillin and
gentamicin were used empirically. They were replaced by vancomycin after confirming the
growth of methicillin resistant S. aureus.

DISCUSSION

A formula using body weight on the date of PCVC insertion as a variable was obtained to predict
the proper depth of PCVC in VLBW infants by measuring the length of PCVC insertion through
the great saphenous vein: Optimal Length = 3.8 x Body Weight (kg) +11.1 (R?=0.78, P < 0.001).
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Fig. 2. Changes in the depth of the catheter tip according to the movement of the lower extremities shown on
the Y-axis. The distance between the inserted site and the popliteal crease is on the X-axis. Negative values of
the distance represent that the inserted site is distal to the popliteal crease. Positive values represent that the
inserted site is proximal to the popliteal crease. Although the relationship is insignificant, the two outliers with
the furthest distance from the popliteal crease distally (5.2 and 4.4 cm) had the greatest changes in the depth of
the catheter tip according to the movement of the lower extremities.

Body weight was used as a variable in the formula because it had the highest R among the three
variables (body weight, length, and PMA on the date of PCVC insertion).

Chen et al.17 have reported a formula for optimal length of catheter placement in lower
extremities based on weight and length, with weight (from foot, R*> = 0.84; from femoral vein,
R?=0.77) being more relevant than the length (from popliteal vein, R* = 0.70). However, both
R2values were higher than 0.7, showing high correlations with optimal length of PCVC. Kim
et al.18 have also developed a formula for distance from the skin puncture site to the superior
vena cava-right atrium junction based on age, height, and length, with height (R? = 0.77) being
the most relevant, followed by weight (R? = 0.58) and age (R? = 0.40). Unlike these previous
findings, weight was far more relevant than length or PMA in our study. Although body weight
might have fluctuated on a daily basis, PCVC was inserted at the time of physiologic weight
loss and body weight was measured in grams using a scale for accuracy. This might be more
accurate than the length of an infant because the length was measured with a tape measure
while the patient was in supine position with both lower extremities held in extension manually.

It is known that a central venous catheter is typically inserted into a vein in the upper arm,
which is relatively more sanitary than areas such as the neck or groin.19 However, Ohki

et al.20 have considered that saphenous PCVC can be safely used in critically ill neonates
due to no fatal complications regarding hygiene. In pediatric patients, the upper or lower
extremities or the scalp (in neonates or young infants) can be used as a catheter insertion
site.21 However, it is more beneficial to use the lower extremity because when the venous
catheter is inserted in the upper extremity, the tip is more likely to be displaced into a non-
central blood vessel. In addition, there were no significant differences in complications
between upper (27%) and lower (21%) extremity placed PCVC.22 Furthermore, PCVCs placed
in the lower extremity were less likely to be removed for catheter-related complications
compared with those placed in the upper extremity (39.9% in PCVCs placed in the

upper extremity vs. 26.4% in those placed in the lower extremity, relative risk, 1.51; 95%

https://doi.org/10.3346/jkms.2023.38.€23 5/8
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confidence interval, 1.12-2.03; P= 0.007).23 Upper extremity placed PCVC has higher risks of
malposition and non-elective removal for complications than lower extremity placed PCVC.13
In addition, upper extremity placed PCVC was associated with a higher risk of pleural or
pericardial effusions together with malposition, dislodgement, and non-elective removal
compared to lower extremity placed PCVC.13,23,24 In the present study using lower extremity
placed PCVC, pleural effusion, pericardial effusion, and superior vena cava syndrome were
not found. However, these complications were found in those with upper extremity placed
PCVC. Another benefit of using the lower extremities for PCVC is that both the left and

right show no significant difference in length, unlike the upper extremities, making it more
advantageous for applying the formula.

It is thought that movement of catheter tip in different positions such as knee flexion and
extension of the lower extremities can displace the catheter and cause unwanted events.
In this study, the mean difference in catheter tip position between flexion and extension
of the lower extremity was 7.0 + 3.9 mm. The length of displacement of the catheter was
just about a vertebra’s width, considering that the mean length between the middles of the
8th and 9th thoracic vertebrae of subjects in this study was 6.0 + 0.6 mm. Considering the
average range of catheter tip movement, targeting the 9th thoracic vertebra would give the
optimal parameter of 8th to 10th thoracic vertebrae and minimize the risk of catheter tip
misplacement. Other factors that affected the range of catheter tip movement were skin
puncture site and its distance from the popliteal crease (Fig. 2). In a similar study by Ohki
et al.,20 the catheter was inserted at the medial malleolus and a wider range of catheter tip
movement was recorded than that in our study in which the skin was penetrated near the
popliteal crease. This might be the reason why there were no fatal side effects associated with
catheter tip displacement during movement of lower extremities in the present study.

When groups were further subdivided, values of optimal length of PCVC were compared
between small for gestational age (SGA) and appropriate for gestational age (AGA) infants,
no significant difference in slope or R? value was observed (AGA: R? = 0.70, SGA: R? = 0.89)
(Fig. 3). Such high R? values in both groups indicate that the weight is suitable variable for
predicting the appropriate depth.

The present study has some limitations. First, most catheters inserted were positioned
slightly distal to the popliteal crease. Only a few cases were inserted proximally. Such a
skewed population was a limiting factor when analyzing whether the insertion site position
was a variable in catheter tip displacement during joint movement. Second, PCVC is made of
polyurethane, which is a material that stretches relatively well. Polyurethane catheters might
have stretched out and seemed longer. However, no specific corrections could be made.25
This could make the measurements less accurate. Third, once the catheter was placed, it

was used for more than two weeks. During this time, the infant not only gained weight, but
also grew in length. The rate of growth was different for each infant, making it impossible to
adjust for this when analyzing results. Lastly, the change in length over time was not followed
up. It could not be reflected in the formula. Therefore, further study with a larger number of
subjects needs to be done to prove this relativity.

In summary, using body weight as a factor, the formula developed in this study was feasible for
predicting the optimal PCVC insertion length with fewer complications. We believe that this
formula can benefit premature infants who require strict minimal handling or have a very weak
and sensitive skin by facilitating more accurate PCVC insertion in a short period of time.
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Fig. 3. Nomogram showing the optimal length of the catheter in SGA and AGA infants (AGA: R? = 0.70, SGA: R? =
0.89). There were no significant differences in R? values between SGA and AGA infants. The optimal length of the
catheter was defined as the length between the inserted site of the great saphenous vein at the level of the popliteal
crease and the tip of the catheter in the inferior vena cava at the level of the ninth thoracic vertebra body.

AGA = appropriate for gestational age, SGA = small for gestational age, R* = coefficient of determination.
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