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Introduction

Peripherally inserted central catheter (PICC) is one of the 
important ways to maintain nutrition in premature infants, 
especially for very low birth weight infants (VLBWs) (1). 
There are studies have shown that as premature babies 
grow up after birth, the tip of the PICC will shift away 
from the heart. When the catheter remove from the central 

vein, the risk of complications is suddenly increased (2-5). 
Therefore, it is important to ensure that the catheter tip is 
in the proper position.

Since secondary catheter ectopic is inevitable (6), we 
must find a suitable way to measure the catheter position 
(5,7). The X-ray is still the “gold standard” for determining 
the tip of the catheter, but frequent exposure to X-rays 
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could increases radiation, which is not conducive to catch-
up growth in premature infants (8,9). But when to position 
the tip of the catheter again in VLBWs have not yet reached 
a consensus (10). The purpose of this paper is to explore the 
correlation between weight gain in premature infants and 
PICC tip shift, and the right time to determine the catheter 
tip positioning, to reduce unnecessary complications and 
provide a safe support for accelerating the catch-up growth 
of premature infants.

We present the following article in accordance with the 
STROBE reporting Checklist (available at http://dx.doi.
org/10.21037/tp-20-5).

Methods

Clinical data

The premature infants hospitalized in our department from 
April 2017- August 2019 were selected as subjects. 

Inclusion criteria:
(I)	 Born in our hospital and transferred to the NICU 

within 24 hours.
(II)	 First tube placement ≤2 w after birth and the use 

time time >2 w.
(III)	 There are two or more chest  X-rays after 

catheterization.
(IV)	 PICC catheter tip is clearly visible on the chest.

Study methods

Data collection
Recording the general information of the patients, the 
weight and tip position of the every chest. We use Wn to 
indicate the weight of babies when they need chest X-ray. 
For example, Wt1 is the weight in the first chest day, and 
Wt2 means the weight of the second chest day. Then, we 
need calculate the weight gain rate: weight gain rate = (Wtn 
– Wt1)/Wt1 ×100%, and the speed of weight gain = (Wtn – 
Wt1)/days ×100%.

Analyzing the tip of the catheter shifting. We see the first 
radiography position as a starting point, the change of one 
vertebral body is recorded as “1”. However, if the location 
has changed, but the change is not enough a vertebral body, 
we recorded it as “0.5”. And if the catheter tip moves away 
from the heart, we referred it to as “−”, or we will see it as “+”.

Statistical analysis 
According to the correlation between gestational age 

and birth weight, the children will be divided into AGA 
(Appropriate for Gestational Age) group and SGA (Small 
for Gestational Age) group. All data were analyzed by 
SPSS 21.0. We expressed the PICC usage time as mean 
± SD. Given a two-sided test with alpha 0.05, and we 
compared baseline characteristics of each group with single 
sample t-test. And the correlation relationship analyzed by 
Spearman.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the IRB of the First Affiliated Hospital of Jinan 
University (KY-2020-019) and individual consent for this 
retrospective analysis was waived.

Results

The baseline characteristics of 49 infants

A total of 69 premature infants, including 57 very low birth 
weight children with 245 chest X-ray were found. And 49 
babies and 151 chest radiographs were left after excluding 
the following conditions: the chest radiograph was unclear, 
and the posture of babies was incorrect, for example, 
adducted arm or distorted body. There are 21 girls (42.85%) 
and 28 boys (57.14%) were included on this subject. Of the 
49 remaining infants, 40 were in the AGA group and 9 were 
in the SGA group. Table 1 show the baseline characteristics 
of the two groups.

AGA group

A total of 40 babies were enrolled in this group, including 
24 boys (60%) and 16 girls (40%), 33 very low birth weight 
infants (VLBWs) and 7 extremely low birth weight infants 
(ELBWs). And the most commonly punctured vein was 
basilic vein (n=31), followed by the median cubital vein (n=6) 
and others. The Effective vertebral body position changes 
in this group was 113. 

Catheter tip displacement of AGA group (n=40)
Excluding the chest radiograph taken during the first tube 
placement, a total of 113 successful chest radiographs were 
included in the AGA group. The PICC tip displacement 
from 0 to 7 vertebral bodies. Table 2 shows the frequency of 
the each change.
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Correlation between PICC tip shift and the rate of 
weight gain in the AGA group
Spearman’s rank correlation analysis showed that the 
correlation between PICC tip shift and weight growth rate 
of the infants in the AGA group, r=−0.603, P=0.000, which 
indicates that they are relevant. The PICC move away from 
the heart, as the babies get heavier (Figure 1).

Correlation between PICC tip shift and the speed of 
weight gain in the AGA group
Spearman’s rank correlation analysis showed that the 
correlation between PICC tip shift and the speed of weight 
growth of the infants in the AGA group, r=−0.450, P=0.000, 
which indicates that they are relevant. As can be seen from 
Figure 2, the faster the weight increases, the greater the 
change in tip position will be (Figure 2).

SGA group

A total of 9 babies were enrolled in this group, including 4 
boys (44.4%) and 5 girls (55.6%), 5 very low birth weight 
infants (VLBW) and 4 extremely low birth weight infants 
(ELBW). And the most commonly punctured vein was 
basilic vein (n=5), followed by the median cubital vein (n=2) 
and others. The Effective vertebral body position changes 
in this group was 38. 

Catheter tip displacement of SGA group (n=9)
Excluding the chest X-rays taken in the first tube placement, 
a total of 38 successful chest X-rays were included in 
the SGA group. The PICC tip displacement from 0 to 8 
vertebral bodies. Table 3 shows the proportion of the each 
change.

Correlation between PICC tip shift and the rate of 
weight gain in the SGA group
Spearman’s rank correlation analysis showed that the 
correlation between PICC tip shift and weight growth rate 
of the infants in the SGA group, r=−0.588, P=0.000, which 
indicates that they are relevant. The PICC move away 
from the heart, as the babies get heavier, but has a different 
changing characteristics from the AGA group (Figure 3). 

Correlation between PICC tip shift and the speed of 
weight gain in the SGA group
Spearman’s rank correlation analysis showed that the 
correlation between PICC tip shift and the speed of weight 
growth of the infants in the SGA group, r=–0.160, P=0.338, 
which indicates that they are unrelated (Figure 4). 

Discussion

The average usage time of PICC in VLBWs is longer 
than peripheral intravenous infusion (11). In this subject, 
the usage time of PICC is 42d (AGA group) and 43d 

Table 1 Baseline characteristics of the two groups

AGA (n=40) SGA (n=9)

Sex (boy/girl) 24/16 4/5

Birth weight (VLBW/
ELBW)

33/7 5/4

Vein

Vena basilica 31 5

Median cubital vein 6 2

Head vein 1 1

Superficial temporal 
vein

1 1

Axillary vein 1 0

Gestational age

<28 11 2

28-32 30 6

>32 0 1

PICC usage time 
(mean ± SD) [min, max]

(42.76±16.89) [14, 
109]

(43±15.2) [27, 67]

Table 2 Changes in the number of vertebral bodies (n=113)

Changes in the number of 
vertebral bodies

Frequency Percent

−7 1 0.9

−5 5 4.4

−4 11 9.7

−3 28 24.8

−2 17 15.1

−1 16 14.2

0 29 25.7

1 6 5.3

Total 113 100.0
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(SGA). This study showed that all patients had catheter 
tip displacement, more than half of the patients had more 
than 2 vertebral body displacements, and nearly 20% of the 
children had more than 5 vertebral body displacements. 
The position of the PICC tip in VLBWs changes with their 

weight gain. The catheter tip can be predicted according 
to the trend of the weight change, and so that the catheter 
can be repositioned in time to avoid the catheter from 
coming out of the central vein and reduce unnecessary 
complications.

Figure 1 Correlation between PICC tip shift and the rate of weight gain in the AGA group. PICC, peripherally inserted central catheter; 
AGA, appropriate for gestational age.

Figure 2 Correlation between PICC tip shift and the speed of weight gain in the AGA group. PICC, peripherally inserted central catheter; 
AGA, appropriate for gestational age.
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Correlation between PICC tip shift and the rate of weight 
gain 

As can be seen from Figures 1,2, as the child’s weight 
increases, the catheter tip gradually shifts away from the 
heart (Table 4). Assume that the catheter tip is at the optimal 
position for the first time, the T6. For AGA infants, the 
tip of PICC shifts away from the heart about two vertebrae 
(T4) when the weight increased to 25%, and the catheter 
tip shifts away from the heart about 4 vertebrae (T2) when 

the weight gain rate is 70%, which has leave away from 
the central vein. For SGA infants, the tip of PICC shifts 
away from the heart about two vertebrae (T4) when the 
weight increased to 10%, and the catheter tip shifts away 
from the heart about 4 vertebrae (T2) when the weight 
gain rate is 55%, which has leave away from the central 
vein. We recommend using this kind of PICC at this time 
as a peripheral vein or removing it to prevent unnecessary 
complications. Variation of the catheter tip in the SGA 
group were faster than AGA group, probably because of 
gestational age children more apparent from catch-up 
growth.

Correlation between PICC tip shift and the speed of weight 
gain

As can be seen from Figure 3, as the baby grows faster, the 
catheter tip had more displacement. For AGAs, when the 
baby's weight gain speed reaches 1%, the catheter tip had 
two vertebral changes; when it reaches 3.5%, there was 
about 3 vertebral changes. But the correlation between 
PICC tip shift and the speed of weight gain of SGAs is not 
statistically significant (P>0.05), which may be related to 
insufficient data (Figure 4).

Limitations of this study

This study used a retrospective analysis. Not all chest X-ray 

Figure 3 Correlation between PICC tip shift and the rate of weight gain in the SGA group. PICC, peripherally inserted central catheter; 
AGA, appropriate for gestational age.
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Table 3 Changes in the number of vertebral bodies (n=38)

Changes in the number of 
vertebral bodies

Frequency Percent

−8 1 2.6

−7 1 2.6

−6 4 10.5

−5 1 2.6

−4 5 13.2

−3 7 18.4

−2 6 15.8

−1 10 26.3

0 3 7.9

Total 38 100.0
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shoot for catheter positioning, many children did not meet 
the postural we need, which caused a lot of data loss.

During the study, we found that each child’s growth 
characteristics are different. Some children grow evenly, 
some children change in height faster than weight while 
others had the opposite. For children whose weight is 
changed faster than their height, the shifts in catheter tip is 
not obvious. But because the hospital does not measure the 
babies’ height routinely, it is difficult to perform analysis.

Conclusions

In general, VLEW infants have a long time for using PICC, 

and almost all of them will have catheter displacement due 
to weight gain. There is a close correction between catheter 
tip shift and weight gain for those babies. It is clinically 
possible to predict tip position by measuring the rate of 
weight gain and calculating the speed of weight gain, to 
reduce unnecessary radiation damage and complications.

When placing the catheter, nurse should try to ensure 
that the catheter tip is at the standard position, T6, as an 
initial and most important method to prevent the catheter 
leave away from the central vein as the catch-up growth. 
And during the period of PICC, the daily weight should 
be recorded, and to predict the position of the tip based on 
weight gain rate and the speed of weight gain. The PICC 
should be repositioned by X-ray when the rate of weight 
gain of AGA infants increased to 25%, 50%, 70% (10%, 
35%, 55% for SGA infants), which was consistent with 
the study of Feixiang L (11). And if necessary, the catheter 
should be withdrawn. If the speed of weight gain is excessive 
faster, we need to increase the frequency of the positioning.
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