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Background: This study aimed to compare the tip location of peripherally inserted central catheter (PICC) 
under two forward P-wave amplitudes (P-wave amplitude is the autonomous peak or P-wave amplitude is 
50–80% of the QRS main wave) by intracavitary electrocardiogram (IC-EKG) to determine the PICC tip in 
optimal location thus avoiding catheter-related complications.
Methods: The data of 300 cancer patients with PICC insertion were collected retrospectively. For the 
observation group, the position of the catheter tip was left at  the level when P wave amplitude was  its 
autonomous peak (168 patients catheterized in 2018). While for the control group, the catheter tip was left 
at the level when the P wave amplitude was 50–80% of the QRS main wave (132 patients catheterized in 
2017). Both groups of patients underwent the chest X-ray examination (CXR) after catheterization. The 
total compliance rate [PICC tip was located in the lower third of the Superior Vena Cava (SVC) and the 
Cavo-Atrial Junction (CAJ)], the optimal position compliance rate (PICC tip was located in the CAJ), and 
the incidence of the catheter tip malposition were compared between the two groups. The complications 
after catheterization including arrhythmia after catheterization within 24 hours, catheter-related thrombosis, 
catheter dysfunction, and catheter infection within 90 days were also compared.
Results: There was no difference in the total compliance rate of PICC tip position and the incidence of the 
catheter malposition in the two groups (P>0.05). But the optimal position compliance rate of the observation 
group was higher than that of the control group (P<0.05). There was no difference in the incidence of 
arrhythmia after catheterization within 24 hours of the two groups (P>0.05). The incidence of catheter-
related thrombosis, catheter dysfunction, and catheter infection within 90 days in the observation group was 
lower than those in the control group (P<0.05).
Conclusions: The PICC tip position at the autonomous peak of the P wave is significantly better than 
that at the P wave amplitude being 50–80% of the QRS main wave under the IC-EKG guidance for PICC 
insertion. 
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Introduction

IC-EKG positioning technology is the use of a metal 
guidewire in the catheter as a recording electrode on the 
EKG, which guides the PICC catheter tip positioning 
through predictive changes in the P-wave during PICC 
insertion, reducing catheter malposition to improve the 
accuracy.

The autonomous peak of the forward P-wave represents 
the CAJ (1), which is considered to be the ideal position 
for the PICC tip (2,3). The tip position has almost been 
determined when the forward P-wave amplitude is 50–80% 
of the QRS main wave of IC-EKG, which is located in the 
lower third of the SVC in many studies (4,5).

Tracheal carina on CXR is an ideal imaging marker 
for determining the PICC tip position. The CAJ is about  
3–5 cm under the tracheal carina, while the lower third of 
the SVC is within 3 cm below the tracheal carina (6-8).

The retrospective study aimed to compare the tip 
position and complications after PICC insertion at two 
forward P-wave amplitudes by IC-EKG to identify better 
approach.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1893).

Methods

Participants

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Institutional Review Board of Peking University 
Cancer Hospital. Clinical data on 300 cancer patients after 
PICC insertion from August 2017 to August 2018 who met 
the inclusion criteria were collected retrospectively.

Inclusion criteria: patients with cavity electrograph 
positioning indications. The patients signed an informed 
consent form and volunteered to participate in the study.

Exclusion criteria: patients with severe arrhythmia. 
Patients who were installed pacemakers. The patient 
refused to participate in the study.

One hundred and sixty-eight patients catheterized from 
March, 2018 to August, 2018 (The PICC tip position was 
determined at the autonomous peak of the forward P-wave) 
were assigned to the observation group. One hundred and 
thirty-two patients catheterized during August, 2017 to 
February, 2018 (The PICC tip position was determined 

at the P wave amplitude being 50–80% of the QRS main 
wave) were assigned to the control group. All the general 
data of the two groups were presented in Table 1. There 
were no significant differences in age, sex, BMI, tumor type, 
catheter location, puncture veins, catheter type, and history 
of CVCs between the two groups (P>0.05).

Catheterization

All the PICC insertion was accomplished by the VAC team. 
Tip positions for all patients were determined by IC-EKG. 
Three surface electrodes (right arm, left arm, and left leg) 
and lead II were connected. Braun transducer and switch for 
shifting from surface ECG tracing to IC-EKG tracing were 
employed in the study. When the catheter tip entered the 
SVC, the metal guidewire for PICC insertion was attached 
to the connector of the transducer (Figures 1,2). When the 
catheter tip gets close to the lower third of the SVC, the 
amplitude of P wave gradually increases into 50–80% of the 
QRS main wave in the control group (Figure 3A), which will 
reach up to the autonomous peak as the catheter tip getting 
to the CAJ in the observation group (Figure 3B). When the 
catheter tip entered deeply into the right atrium (RA), the P 
wave becomes biphasic (Figure 3C).

Both groups of patients had posterior anterior CXR 
after PICC insertion. On the CXR, the tracheal carina 
was used as a reliable marker to identify the tip position 
of PICC. The PICC tip position may be regarded as a 
suitable position within 5cm under the tracheal carina, 
which was the ideal position when located at 3–5 cm 
under the carina especially. The PICC tip position was 
considered as an inappropriate position if the catheter 
tip is above the carina (the catheter tip was located in the 
middle or upper third of the SVC) or deeper more than 5 
cm under the tracheal carina (the catheter tip may enter 
into the RA).

Statistical analysis

The data were analyzed using SPSS 26 (IBM Corporation, 
Armonk, NY, USA). Continuous variables were presented as 
mean ± standard deviation and compared with an unpaired 
t-test. Categorical variables were presented as number 
(percentage) and compared with a χ2 test. The distances 
from the PICC tip position determined by IC-EKG to the 
tracheal carina on CXR were recorded. The significance 
level was at the rate of 0.05.
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Results

There was no difference in the total compliance rate of 
the PICC tip position (the tip position was located in the 
lower third of the SVC and the CAJ) and the incidence of 
the catheter malposition (the tip position was located in 
middle or upper third of the SVC and the RA) between the 
two groups of patients (P>0.05). But the optimal position 
compliance rate (the tip position was located in the CAJ) of 

the observation group was higher than that of the control 
group (P<0.05). All of which can be seen in Table 2.

There was no difference in the incidence of arrhythmia 
within 24 hours after catheterization of the two groups 
(P>0.05). The incidence of catheter-related thrombosis, 
catheter dysfunction, and catheter infection within 90 days 
in the observation group was lower than those in the control 
group (P<0.05). All of which can be seen in Table 3.

Table 1 General data for both groups of cancer patients

Variables Total (n=300) Observation group (n=168) Control group (n=132) P

Age (y) 54.0±13.2 53.6±13.0 54.6±13.3 0.34

Sex

Female 151 (50.3) 86 (51.2) 65 (49.2) 0.57

Male 149 (49.7) 82 (48.8) 67 (50.8)

BMI

<25 kg/m2 197 (65.7) 104 (61.9) 93 (70.5) 0.26

≥25 kg/m2 103 (34.3) 64 (38.1) 39 (29.5)

Tumor types 0.18

Lymphoma 79 (26.3) 44 (26.2) 35 (26.5)

Breast cancer 52 (17.3) 30 (17.6) 22 (16.7)

Hepatoma 32 (10.7) 18 (10.7) 14 (10.6)

Gastric cancer 59 (19.7) 33 (19.6) 26 (19.7)

Colorectal cancer 62 (20.7) 35 (20.8) 27 (20.5)

Others 16 (5.3) 8 (4.8) 8 (6.1)

Catheter location 0.24

Left 121 (40.3) 68 (40.5) 53 (40.1)

Right 179 (59.7) 100 (59.5) 79 (59.9)

Puncture veins 0.19

Cephalic vein 104 (34.7) 58 (34.5) 46 (34.8)

Basilic vein 132 (44.0) 75 (44.6) 57 (43.2)

Brachial vein 64 (21.3) 35 (20.9) 29 (22.0)

Catheter type 0.17

Single cavity 246 (82.0) 140 (83.3) 106 (80.3)

Double cavity 54 (18.0) 28 (16.7) 26 (19.7)

History of CVCs 0.23

Yes 131 (43.7) 75 (44.6) 56 (42.4)

No 169 (56.3) 93 (55.3) 76 (57.6)

Data were expressed as mean ± standard deviation, number (percentage). BMI, body mass index; CVCs, central intravenous catheters.
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Discussion

There are many approaches to determine the PICC 
tip position, including X-ray fluoroscopy, B-ultrasound 
pos i t ioning and intracavi tary  e lectrocardiogram  
positioning (9). The accuracy of PICC insertion under X-ray 
fluoroscopy is high. But there is a risk of radiation exposure 
to both medical staff and patients due to multiple exposures 
to X-rays during PICC insertion (10). In recent years, 
the accuracy of IC-EKG guidance or assisted ultrasound 

positioning to determine the catheter tip position is not 
lower than that of X-ray fluoroscopy (11). Therefore, X-ray 
fluoroscopy has been gradually replaced by the former. 

With the wide application of PICC, complications 
caused by catheter tip malposition are increasing. The 
catheter tip located in the middle or upper third of the 
SVC, compared with the lower third of the SVC, would 
increase the incidence of complications such as catheter-
related thrombosis or catheter dysfunction (12). Studies 

Figure 1 Connection among three electrodes (RA, LA, and LL), guidewire, Braun transducer and EKG-monitor. RA, right arm; LA, left 
arm; LL, left leg.
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Figure 2 Braun transducer with a switch and its connecting cable.
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had also shown that the risk of catheter-related thrombosis 
increases seven times when the catheter tip was located in 
the middle or upper third of the SVC (13).

At present, most studies confirmed that the PICC tip 
position located in the lower third of the SVC or the CAJ 
is considered as a suitable position (14,15). The CAJ is 
the ideal position for the catheter tip, where the blood 
flow is greatest and thrombosis risk is the lowest (16,17). 
This ensures the habitual use of the catheter and avoid 
catheter dysfunction. The autonomous peak of the P-wave 
guided by IC-EKG is consistent with the CAJ. We tried 
to seek a number of studies to identify the CAJ on CXR: 
Mahlon’s study suggested that it was advisable for the 
center intravenous catheter tip position to be located 4 cm 
under the tracheal carina, which was based on the distance 
of 3.18–4.88 cm (95% CI) from the tracheal carina to the  
CAJ (18). Baskin’s study found that the average distance 
from tracheal carina to the CAJ was 2 thoracic vertebral 
units  ±0.4  cm (95% CI,  1 .5–2.2  vertebral  units , 
approximately 3.1–5.0 cm). There was no difference with 
the sex, height, weight and surface area in the patients (19). 
Therefore, with the tracheal carina on CXR as a reference, 
The CAJ falls in the range of 3–5 cm under the tracheal 

carina. The PICC tip position of the two groups of cancer 
patients in that range (3–5 cm under the carina) was deemed 
to be located in the CAJ.

The use of IC-EKG had significantly improved the 
accuracy of PICC tip position (20). The autonomous peak 
of the P-wave was used to determine the PICC tip position 
in the observation group, which was considered to be the 
location of the CAJ (21). The PICC tip position determined 
at the forward P-wave amplitude being 50–80% of QRS 
main wave in the control group, which was considered to 
be the location of the lower third of the SVC (22). It can 
be seen that the probability of the PICC tip position in 
falling at the CAJ in the observation group was significantly 
higher than that of the control group (P<0.05). But there 
was no significant difference in the incidence of catheter 
malposition in the two groups (P>0.05). Complications 
after catheterization were compared in the two groups 
of patients. There was no difference in the incidence of 
arrhythmia after catheterization within 24 hours of the 
two groups (P>0.05). The incidence of catheter-related 
thrombosis, catheter dysfunction, and catheter infection 
within 90 days in the observation group was lower than 
those in the control group (P<0.05).

Figure 3 Changes of P-waves when the PICC tip was located at three positions by IC-EKG . Red arrow indicates (A) the PICC tip was 
located in the low third of the SVC, (B) the PICC tip was located at the CAJ, and (C) the PICC tip entered into the RA. RA, right arm; 
IC-EKG, intracavitary electrocardiogram; PICC, peripherally inserted central catheter; SVC, Superior Vena Cava; CAJ, Cavo-Atrial 
Junction.

A B C

The lower third of the Superior Vena 
Cava (SVC)

Cavo-Atrial Junction (CAJ) Right Atrium (RA)
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Table 3 Complications occurred in both groups after PICC insertion

Complications Total (n=300)
Observation group 

(n=168)
Control group  

(n=132)
χ2 P

Arrhythmia within 24 h after 
PICC insertion

1.21 0.65

Yes 12 (4.0) 7 (4.2) 5 (3.8)

No 288 (96.0) 161 (95.8) 127 (96.2)

Catheter-related thrombosis 
within 90 days

6.08 0.02*

Yes 41 (13.7) 13 (7.7) 28 (21.2)

No 259 (86.3) 155 (92.3) 104 (78.8)

Catheter dysfunction within 
90 days

5.21 0.04*

Yes 27 (9.0) 9 (5.4) 18 (13.6)

No 273 (91.0) 159 (94.6) 114 (86.4)

Catheter infection within  
90 days

5.81 0.03*

Yes 18 (6.0) 6 (3.6) 12 (9.1)

No 282 (94.0) 162 (96.4) 120 (90.9)

Data were expressed as number (percentage). *, P<0.05. PICC, peripherally inserted central catheter. 

Table 2 Tip position in both groups of cancer patients confirmed on CXR

Tip position Total (n=300)
Observation group 

(n=168)
Control group  

(n=132)
χ2 P

Lower third of the SVC 9.21 0.001*

Yes 113 (37.7) 22 (13.1) 91 (68.9)

No 187 (62.3) 146 (86.9) 41 (31.1)

CAJ 10.82 0.001*

Yes 135 (45.0) 123 (73.2) 12 (9.1)

No 165 (55.0) 45 (26.8) 120 (90.9)

Middle or upper third of the SVC 1.15 0.42

Yes 29 (9.7) 15 (8.9) 14 (10.6)

No 271 (90.3) 153 (91.1) 118 (89.4)

RA 1.32 0.32

Yes 13 (4.3) 8 (4.8) 5 (3.8)

No 287 (95.7) 160 (95.2) 127 (96.2)

Suitable position 2.12 0.33

Yes (lower third of the SVC  
and the CAJ)

258 (86.0) 145 (86.3) 113 (85.6)

No (middle or upper third of 
the SVC and the RA)

42 (14.0) 23 (13.7) 19 (14.4)

Data were expressed as number (percentage). *, P<0.05. CAJ, Cavo-Atrial Junction; SVC, Superior Vena Cava; RA, right atrium; CXR, 
chest X-ray examination. 
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Limitation

The study compared the PICC tip position and the 
complications after PICC insertion at two forward P-wave 
amplitude by intracavitary electrocardiogram in cancer 
patients. There were few studies like this. However, the 
study still had some limitations. Firstly, this study was 
retrospective, with a single center and small sample size. 
Most of the patients are Han, which had a relatively single 
ethnic group. Secondly, the distance between the carina 
on CXR and the tip of the catheter was used to determine 
whether the catheter tip position was in the different part 
of the SVC (such as the middle or upper third of the SVC, 
the lower third of the SVC), the CAJ or the RA. Although 
numerous studies have shown that the tracheal carina was 
reliable, there may be some errors in the measurement 
results. All of the above have to be verified in future work 
with more sample size and more reliable imaging markers.

Conclusions

The PICC tip position determined at the autonomous peak 
of the forward P-wave is significantly better than that at the 
forward P-wave amplitude being 50–80% of the QRS main 
wave when PICC inserted by IC-ECG.
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