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Abstract

Background: Intracavity electrocardiogram (IC-ECG) guidance is an effective technology for monitoring the tip
locations of centrally inserted central catheters (CICCs) and peripherally inserted central catheters (PICCs). However,
for patients with an indwelling CICC, there has been no study on whether the CICC affects PICC tip positioning with
IC-ECG guidance.

Methods: Thirty people with a CICC requiring PICC insertion, matched with age to controls without a CICC. The
stability of IC-ECG waveforms, the amplitude of P-waves, and the accuracy of PICC tip location were compared.
Results: There was no significant difference in the stability of the IC-ECG waveforms (x2=0.22, p=0.64). The
amplitudes of baseline P-waves and ideal P-waves also showed no significant difference (tI =0.06, p1 =0.96, t2=0.80,
p2=0.43). Neither the accuracy of tip location (%= 1.40, p=0.50) nor the distance of PICC tip (t=—0.03, p=0.98) were
significantly different.

Conclusion: For patients with an indwelling CICC, the position of PICC tip can be accurately determined by the
dynamic changes in the P-wave amplitude.
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Introduction stable condition, CICCs are usually replaced with PICCs
for long-term intravenous infusion and intravenous drug
therapy due to the safe operation, fewer complications,
and long-term use.*® To ensure continuity of treatment,

Both centrally inserted central catheter (CICC) and
peripherally inserted central catheter (PICC) belong to
central vascular access devices (CVADs). There is no
clear evidence that PICC is superior to CICC in acute
care settings.! When the critically ill patient’s condition 'Department of Clinical Nutrition, Peking Union Medical College
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CICCs are usually removed after successful PICC
implantation.

Intravenous Nurse Society (INS) recommends that
the tips of CVADs should be preferably placed either in
the lower third of the superior vena cava (SVC) or at the
transition between the SVC and right atrium (RA),
known as the cavoatrial junction (CAJ).” Inaccurate tip
localization will cause complications such as thrombo-
sis, catheter prolapse, arrhythmias, etc.®!° Intracavity
electrocardiogram (IC-ECG) guidance has been widely
used for monitoring the tip locations of CVADs since
the 1960s."" This method uses the electrical conductiv-
ity of a guidewire, the catheter and blood to determine
the position of the catheter tip through specific P-wave
changes.'>!> The accuracy of this technology reaches
more than 90%.'416

However, for patients with an indwelling CICC, there
has been no study on whether the CICC affects PICC tip
positioning with IC-ECG guidance. Therefore, we
designed this research to study the effect of an indwelling
CICC on the localization of the PICC tip with IC-ECG
guidance.

Methods
Study design and setting

This was a retrospective matched case-control study
that was conducted at a teaching hospital in China.
More than 4000 PICCs are inserted in the hospital every
year. This study was performed in accordance with the
ethical standards of the Institutional Ethics Committee
of the hospital and with the 1964 Declaration of
Helsinki.

Study population

We chose 60 patients with an indication for PICC place-
ment from 1 January 2018 to 31 December 2019. Among
the 60 patients included, cases were defined as 30 patients
with a CICC. We also created a matched control group of
another 30 patients who had no CICC implanted. The
control group was matched by age (=3 years), which was
performed by searching our PICC database. Inclusion
criteria were as follows: (a) age =18 years old, (b) nor-
mal P-wave appearance on the surface ECG recordings,
and (c) informed consent and voluntary participation.
The exclusion criteria were as follows: (a) a mental
behavior disorder and inability to cooperate and (b) car-
diovascular conditions such as atrial fibrillation,
supraventricular tachycardia, pulmonary heart disease,
and pacemaker implantation, which may affect the
appearance of the P-waves.

PICC insertion technique and IC-ECG guidance

4Fr single lumen Groshong PICCs (Bard Access Systems,
Salt Lake City, UT) and SFr Power PICCs (Bard Access
Systems, Salt Lake City, UT) were selected. First, quali-
fied intravenous therapy specialists performed precathe-
terization evaluations and chose a reasonable vein for
PICC placement. Precatheterization evaluation included
skin condition, venous flow, venous diameter, coagulation
indexes, etc. To avoid difficulty in catheter delivery, the
side contralateral to the CICC was preferred for PICC
implantation. Then, the PICC was inserted by the qualified
intravenous therapy specialists with the ultrasound-guided
modified Seldinger technique.

After the PICC was delivered to the predicted vessel
length, the tip of the PICC was localized using IC-ECG
guidance. We used a three-lead ECG machine (model:
MAC 1600). Before PICC placement, we connected the
limb guides of the ECG machine and retrieved the body
surface ECG recording, which was considered the base-
line data. Then, we connected the right upper limb lead of
the limb II guide to PICC. As the PICC was inserted, the
amplitude of the P-wave gradually increased until a bidi-
rectional or negative P-wave appeared. Then, we slowly
retracted the PICC 2-3 cm. When the P-wave amplitude
of the limb II guide was 50%—80% of the QRS amplitude,
which was called the ideal P-wave, the tip of the PICC
catheter was estimated to be located in the ideal posi-
tion.!”!® At this time, the second ECG recording was
obtained. In order to visually see the positional relation-
ship between CICC and PICC, we took chest-X-ray for
case group. Meanwhile, the distance between the PICC tip
and the tracheal carina on chest-X-ray reflected the accu-
racy of the PICC tip location.

Data collection

Patient demographic characteristics were obtained from
the medical records system. PICC insertion information
was obtained by self-designed questionnaires. ECG sig-
nals were recorded by ECG machines.

Outcomes

Stability of the ECG waveform

The stability of the EGC waveform was determined by the
reading from the limb II guide of the second ECG record-
ing, which reflected the ideal P-wave. If the waveforms
were clearly identified without ups and downs, the ECG
recording was judged as a stable wave. If the waveforms
showed ups and downs, it was judged as a floating wave.
If the waveforms were so serrated and coarsened that the
amplitude of the P-wave could not be distinguished, it was
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Table |. Demographic characteristics and PICC insertion information.
Variables Cases Controls 2t p Value
Age 59.80 = 19.58 61.07 = 19.53 -0.25 0.80
Gender
Male 18 (60.00) 22 (73.33) 1.20 0.27
Female 12 (40.00) 8 (26.67)
Type of PICC
Single lumen PICC 28 (93.33) 27 (90.00) 0.22 0.64
Power PICC 2 (6.67) 3 (10.00)
Punctured site
Basilic vein 24 (80.00) 22 (73.33) 0.37 0.54
Brachial vein 6 (20.00) 8 (26.67)
judged as a coarse wave. If the waveforms appeared irreg- Results

ular and could not be identified, it was judged as an uni-
dentified wave."”

Amplitude of the ideal P-wave

The amplitude of the ideal P-wave was also determined by
the reading from the limb II guide of the second ECG
recording. We measured the vertical distance from the top
to the starting point of the ideal P-wave. To reduce meas-
urement errors, we took the average of three ideal P-waves.
On the ECG recording, 10mm represented 1 mV, which
was used to calculate the amplitude of the ideal P-wave.

Accuracy of the PICC tip location

According to the Infusion Nursing Standards of Practice,
the PICC tip should be preferably placed either in the
lower third of the SVC or at the CAJ.” This appropriate
position ranges anatomically from 1.6 to 4cm below the
tracheal carina.?®?! In our research, the tracheal carina on
chest X-ray was regarded as the baseline location. The dis-
tance between the catheter tip and the carina was consid-
ered positive below the structure and negative above it.
The distance of 1.6-4cm indicated an ideal tip position.
Meanwhile, the location was considered too shallow at a
distance of less than 1.6cm and too deep at a distance of
more than 4 cm.

Statistical analysis

The statistical analysis was performed with SPSS 20.0
software. The measurement data were described using
means and standard deviations (SDs). The categorical data
were summarized with frequencies and percentages. The
comparisons of measurement data were performed using
the #-test. The comparisons of categorical data were meas-
ured using chi-square tests.

Demographic characteristics and PICC insertion
information

Table 1 showed the demographic characteristics and PICC
insertion information of the two groups. There was no sig-
nificant difference in demographic characteristics or PICC
insertion information between the two groups (p > 0.05).
Theaverageage ofthe 60 patients was (60.43 = 19.40) years,
and most were male (40, 66.67%). There were 15 patients
(25.00%) with respiratory diseases such as respiratory fail-
ure, pneumonia, and COPD, 9 patients (15.00%) with
digestive system diseases such as gastrointestinal bleeding
and esophageal cancer, 8 patients (13.33%) with septic
shock, 7 patients (11.67%) with cardiocerebrovascular dis-
eases, and 7 patients (11.67%) with reproductive system
diseases such as ovarian cancer. 4Fr single lumen Groshong
PICCs were inserted in 55 patients (91.67%), and S5Fr
Power PICCs were inserted in 5 patients (8.33%). Basilic
veins were chosen as the puncture site in 46 patients
(76.67%), while brachial veins were chosen in 14 patients
(23.33%). In the case group, 23 patients (76.67%) retained
a CICC in the right cervical region, while 7 patients
(23.33%) retained a CICC in the left cervical region. The
distance between the tip location of the CICC and the tra-
cheal carina was (—0.41 = 1.08)cm.

Stability of the ECG waveform

In the case group, stable waves accounted for 90.00% of
all recordings; two patients (6.67%) showed a drift wave
and one patient (3.33%) showed a coarse wave. In the con-
trol group, stable waves accounted for 96.67% of all
recordings, with one patient (3.33%) showing a drift wave
and one patient (3.33%) showing a coarse wave. There
was no significant difference in the stability of the ECG
waveform between the two groups (32=0.22, p=0.64)
(Table 2).
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Table 2. Stability of the ECG waveform.

Group Unstable waves (N, %) Stable waves (N, %) 12 p Value

Cases 3 (10.00) 27 (90.00) 0.22 0.64

Controls 2 (6.67) 28 (96.67)

Table 3. Amplitude of the P-waves.

Amplitude (mV) Cases Controls t p Value

Baseline P-wave 0.14=0.14 0.14=0.11 0.06 0.96

Ideal P-wave 0.72+0.47 0.64 =0.20 0.80 0.43

Table 4. Accuracy of the PICC tip location.

Group PICC tip location (N, %) Distance (cm)
Accuracy Shallow Deep

Cases 28 (93.33) I (3.33) 1 (3.33) 243 £1.51

Controls 29 (96.67) I (3.33) 0 247+1.20

Yt 1.40 -0.03

p Value 0.50 0.98

Amplitude of the P-wave

The amplitudes of both the baseline P-waves and the
ideal P-waves of the two groups were compared, and no
significant difference was found for either amplitude
between the two groups (#,=0.06, p1=0.96, £,=0.80,
p2=0.43) (Table 3).

Accuracy of the PICC tip location

The average accuracy of the PICC tip location in the two
groups was 93.33% for the case group and 96.67% for the
control group. In addition, the average tip location of the
PICC was (2.25 £ 1.35)cm, (2.43 £1.51)cm for the case
group, and (2.47 £ 1.20) cm for the control group. Table 4
showed no significant difference either in the accuracy of
the tip location (%%=1.40, p=0.50) or in the distance of the
tip location (z=—0.03, p=0.98) between the two groups.
Figure 1 showed the position relationship between CICC
and PICC.

Discussion

In this case-control study, we identified that the indwelling
CICC had no effect on the stability of the ECG waveform
or on the dynamic change in P-wave amplitude. To our
knowledge, this was the first study to explore the effect of
an indwelling CICC on the tip location of a PICC.

The P-wave in an ECG recording represents the depo-
larization wave of the atrium, and its morphological char-
acteristics and amplitude are associated with the distance

between the recording electrode and the synthetic axial
vector of the atrium. In other words, when the catheter tip
is implanted in the SVC and near the pacing point of the
RA, a positive P-wave with a high amplitude appears. The
amplitude of the P-wave increases with the depth of the
catheter tip. When the tip reaches the CAJ, the P-wave
shows a maximal peak. If the catheter tip continues to enter
the RA, a bidirectional or negative P-wave occurs.?>?* The
technique of IC-ECG guidance is meant to determine the
catheter tip location by the changes in the P-wave based on
the conductivity of the guidewire, catheter, and blood. The
sensitivity of this technique has been reported as high as
99.30%.%* In our study, the accuracy of IC-ECG guidance
was 95.00%, similar to the results of previous studies.'* '
In addition, this technique has been reported to cause less
anxiety and fewer procedure-related complications, to
reduce the duration of catheter placement.???> %7

In our study, the tip of the CICC was located in a fixed
position in the SVC, so the CICC did not affect the dynamic
changes of the P-wave amplitude. The P-wave amplitude
only changed dynamically with the depth of the PICC tip.
Therefore, the PICC tip could be accurately localized by
observing the dynamic change in the P-wave amplitude for
patients with an indwelling CICC. Because of the above,
our study showed no significant difference in either the
amplitude of the ideal P-wave (¢1=0.80, p=0.43) or the
accuracy of the PICC tip location on chest X-ray (y2=1.40,
p=0.50).

Additionally, the chest X-ray indicated that there was
no entanglement of the CICC and PICC in the case group,
and the ECG recordings also indicated no significant
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Figure |. The position relationship between CICC and PICC.

difference in the stability of the waveform (y2>=0.22,
p=0.64). These results might be attributed to the anatomi-
cal structure and blood flow characteristics of the SCV.
The diameter of the SVC can reach up to 20 mm, it has no
venous valve, and the blood flow velocity can reach up to
2000-2500 ml/min.?® This makes the PICC and CICC par-
allel in the SVC, with rare entanglements and tips that all
point in the direction of the venous blood flow to the heart.
In other words, the routing of the CICC in the SVC seems
to have no effect on the routing of the PICC in the SVC.

Limitation

Our study is a single-center study with a small number of
patients, which weakens the strength of our conclusion.
Multicenter, large sample size studies will be carried out in
the future.

Conclusion

The CICC was parallel to the PICC in the SVC, and the
location of its tip was fixed and had no significant influ-
ence on the stability of the ECG waveform or the dynamic
change of the P-wave amplitude. Our study indicated that
the position of the PICC tip can be accurately localized by
the dynamic changes of the P-wave amplitude for patients
with an indwelling CICC.
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