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Abstract

Objective: To report a method of PICC catheterization with the aid of a new medical guide wire, and to discuss the
curative effect.

Methods: Five hundred and thirteen patients who visited our hospital from January 2013 to December 2019 for
PICC catheterization were selected as study subjects. Random number method was used to group patients. General
information was recorded for both groups. Patients in the observation group received catheterization with the aid of
a new medical guide wire. The control group received catheterization via conventional guide wire. The success rate
of the first catheterization, the success rate of the catheterization, the timing of the catheterization, the complications
and the position of the catheter end were compared between the two groups.

Results: There was no significant difference in general information between the two groups. After analyzing the
puncture situation of the two groups, it was found that the average catheterization time of the observation group
was shorter than that of the control group, and the difference was statistically significant. Patients in the observation
group had higher success rate of one-time catheterization and catheterization success rate, and the difference was
statistically significant. The incidences of occult thrombosis, phlebitis and catheter blockage in the observation group
were lower than those in the control group, and the difference was statistically significant. The incidence of dominant
thrombosis and bleeding at puncture point in the observation group was also lower than that in the control group,
but the difference was not statistically significant.

Conclusion: The new type of medical guide wire component is effective for PICC catheterization and worthy of
further promotion.
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Introduction avoids direct contact between chemotherapeutic drugs
Peripherally inserted central venous catheter (PICC) is and the upper limb veins. However, the rich blood flow
one of the most common venous pathways. Many cancer  of large veins can rapidly dilute drugs, thus reducing the
patients require PICC catheterization. This approach first ~ incidence of phlebitis and improving the quality of life

of patients [1]. In the past, the modified Seldinger tech-
*Corespondence. xiaoweizhu2020@foxmail.com nique (MST) with guide wire guided electrocardiography
Department of Blood Specialty, The Second Affiliated Hospital of Fujian was mostly used for puncture and localization [2]. How-

Medical University, No. 34, Zhongshanbeilu, Quanzhou City 36200, Fujian ever, some patients have poor vascular COl’lditiOI’lS, so it
Province, China

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-021-00571-1&domain=pdf

Xiao Eur J Med Res (2021) 26:99

is difficult to achieve one-off success. Some scholars have
adopted ultrasound-guided localization for puncture
[3], but not all hospitals have professional intravenous
therapy nurses who can master ultrasonic technology,
and bedside portable ultrasound machine has not been
widely used in the grassroots level. In addition, to realize
ECG positioning technology, professional instruments or
media products such as guidewire, ECG wire, ECG con-
nector and so on are needed [4]. These are all external
connectors, which may lead to pollution of the operat-
ing area on the one hand. On the other hand, the exter-
nal media may affect the stability of the connection and
cause errors in the ECG waveform. To improve the accu-
racy and success rate of puncture, the author designed
a new medical guide wire assembly integrating catheter,
guide wire and electrode for guiding puncture, which has
achieved good efficacy, as reported below.

Methods

Patients who underwent PICC catheter placement in
our hospital from January 2013 to December 2019 were
selected as the subjects. Table 1 shows the inclusion
and exclusion criteria. These patients were randomly
divided into two groups, the observation group and
the control group. Random number method is used to
group patients. The patient’s age, disease, gender, weight,
and fall history were recorded. The current study was
approved by the Hospital Ethics Committee of the Sec-
ond Affiliated Hospital of Fujian Medical University.
The patient signed the informed consent prior to the
puncture. Nurses who perform puncture for patients
are specialist nurses with more than 5 years of puncture
experience. The nurses were trained and experienced in
ultrasound-guided puncture and electrocardiography.

The patient was in the supine position. After routine
skin cleansing, the nurse connected the patient with ECG
monitoring. The basic ECG waveforms of the patient
were obtained. The nurse selected the vein to be punc-
tured according to the patient’s condition. Generally,
basilic vein is selected first. Two-dimensional ultrasound
was used to observe the internal diameter, movement,
and surrounding anatomical structure of the vein. At
the same time, it was also observed whether there were
branches and anatomic variations in subclavian vein
injection, subclavian vein injection into the indetermi-
nate vein, and whether there were venous valves at the
puncture site. Color flow patterns were used to observe
and assess the presence of thrombus and flow direction
of the vessels. The puncture site was also marked.

The patients in the observation group underwent
puncture and catheterization guided by the new guide
wire. The patient was placed in supine position after tak-
ing off the catheter lateral arm clothing. The catheter

Table 1 Exclusion criteria and inclusion criteria
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Preliminary inclusion:642
Inclusion criteria:

1. Required PICC

catheterization due to illness.

2. No history of PICC or CVC

puncture;

3.Normal blood clotting

function and platelet;
4. Over than 18 years old;

S.Informed consent of the
patient and family members.

Date Range:01/2013-01/2019

——————>| Loss to follow-up:73

Abstracts Reviewd:559

Excluded:56

1. Patients with

thrombophilia;

2. The skin of puncture
site was incomplete and

infected;

3. Previous history of

phlebitis;

4. Those who have not
been followed up and
maintained regularly in

our hospital;

5. Operation history of

puncture path;
6. Mental history;
7. Drug use history;

8. History of

interventional surgery;

9. History of myocardial

infarction or arrhythmia

Included in the study: 513

Me

Tilburg  weakness scale, Montreal

cognitiv scale,

were used to investigate patients

and clinical dementia assessment scale
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lateral arm was extended at a 90° angle with the trunk.
The puncture exposed the lateral arm and the ipsilateral
neck and chest skin. The patient’s upper limb length and
arm circumference of 10 cm above the elbow were meas-
ured as the base value of arm circumference. The length
from the pre-puncture point along the vein to the right
sternoclavicular joint and back down to the third inter-
costal space was measured as the length of the preposi-
tion tube. The assistant recorded the measurements. The
chest area was cleaned and disinfected with 75% ethanol.
Three electrodes were attached to the patient’s bilateral
subclavian and left thoracic major surface skin. ECG
monitor was adjusted to II lead. At this point, stable ECG
waveforms are used as baseline values for comparison.
The arm about to receive the puncture is completely dis-
infected with iodophor. The puncture user performs vein
puncture under the guidance of ultrasound. After seeing
blood return, the puncture user delivers the guide wire
and exits the puncture needle. Subsequently, the punc-
turer placed the intubation sheath along the guide wire,
withdrew the sheath and guide wire, slowly delivered the
catheter to the length of the preset tube along the intu-
bation sheath, and withdrew the intubation sheath. The
puncture user connects the premade heparin cap to the
PICC supporting guide wire and then inserts the 20 ml
physiological saline syringe needle stem into the hepa-
rin cap. The puncturer then wipes the blood with 75%
ethanol and disinfuses the front end (the softer end)
of the saidinga guide wire to the needle stalk of 20 ml
normal saline syringe, and delivers the back end (the
harder end) of the guide wire to the assistant in a ster-
ile way. Assistant took right clavicle middle of lead elec-
trode (standard II lead right upper limb electrode RA) of
patients, in a new electrodes, knot will end after dingle
guide who guide wire winding on the electrode slice and
tighten, buckle on the electrode RA button loops or clip
on electrode RA alligator clip, and ensure good contact.
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The puncture patient continuously injected 0.9% normal
saline into the PICC catheter to open the valve, thus lead-
ing to intracardiac ECG. In the process of pipe accord-
ing to the change of II lead ECG monitor to observe and
record the P wave amplitude and guide the position of the
catheter placement in the operation, and form the pre-
liminary corrective catheter placement position. Char-
acteristic broad negative P wave and Q wave presented
a "W" waveform during intravenous electrocardiogram-
guided PICC catheterization, and then the catheter was
removed to make the P wave amplitude 50-80% QRS
wave amplitude, indicating that the catheter tip reached
the lower segment of the superior vena cava, making it
an ideal location for PICC catheter tip [5]. When the P
wave amplitude is 50-80% QRS wave amplitude, the
catheter tip is considered to reach the ideal position.
After the tube is placed in place, the Seldinger guide
wire is separated and the PICC guide wire synchronously
was retracted, the catheter cut according to the actual
length of the tube, the connector installed, the positive
pressure joint at the end of the catheter connected, the
pipe flushed and sealed, and fixed conventionally. After
catheterization, the patient underwent chest radiographs
to confirm the PICC tip position (See in Fig. 1).

The patients in the control group were punctured with
modified MST method after tourniquet ligation. After
entering the blood vessel, the catheter was placed under
the guidance of traditional guide wire and ECG position-
ing device.

In the first 2 weeks after puncture, the patients were
assessed by specialist nurses every day. The main obser-
vations were whether there was blood leakage at the
puncture point, whether the tube was blocked, whether
the film was curled, whether the infusion connector
was loose, whether there was local swelling and heat
pain, whether the catheter length was changed, whether
the catheter was damaged, etc. When there is swelling

Fig. 1 New guide wire is used for puncture. a Outline drawing of new guide wire. b The integrated design can avoid the contamination of ECG
monitoring. € ECG monitoring indicated that the waveform was stable and the localization was successful




Xiao Eur J Med Res (2021) 26:99

of the affected limb, patients need to receive emergency
color Doppler ultrasound to exclude thrombosis. The
evaluation of phlebitis is based on the classification
standard of mechanical phlebitis of intravenous trans-
fusion of Nurses Association [6]. Patients with no clini-
cal manifestations with Grade 0, no phlebitis occurred.
When the patient’s infusion point showed redness and
swelling, but no red line-like changes, and palpation
without cord-like changes, the phlebitis was Grade 1.
Grade 2 showed a red line-like change on the basis of
Grade 1, but there was no linear change on palpation.
For Grade 3, changes were found on palpation. On the
basis of Grade 3, cordate veins larger than 2.5 cm were
palpated in Grade 4 and sometimes pus was discharged.

Statistical analysis

SPSS statistical package program (SPSS 19.0 version;
SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. Data were presented as mean=+SD (range),
median (range), or # (%). X test (categorical data) or
Student’s ¢ test (continuous data) was used to compare
the results from two groups. A P value of<0.05 was
considered significantly different.

Table 2 General information of two groups of patients
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Results

There was no significant difference in general informa-
tion between the two groups (see in Table 2). After ana-
lyzing the puncture situation of the two groups, it was
found that the average catheterization time of the obser-
vation group was shorter than that of the control group,
and the difference was statistically significant. Patients
in the observation group had higher success rate of one-
time catheterization and catheterization success rate, and
the difference was statistically significant. The incidences
of occult thrombosis, phlebitis and catheter blockage in
the observation group were lower than those in the con-
trol group, and the difference was statistically significant.
The incidence of dominant thrombosis and bleeding at
the puncture point in the observation group was also
lower than that in the control group, but the difference
was not statistically significant (see in Table 3).

Discussion

At the same time, a new type of medical guide wire
assembly was used to place the tube. The module was
designed independently by the author and patented in
February 2019. The original intention of the device is to
place PICC accurately on the premise of sterility, and to
locate the catheter tip accurately by ECG positioning.
The successful placement of PICC is of great significance

Variable Observation group (n=206) Control group (n=311) Statistical value P value

Gender (male/female) 97/109 152/159 0.16 0.69

The age (years) 59.16£11.36 57.63£9.76 0.10 1.63

BMI 2635+£3.11 2597+£295 0.16 140

The puncture vein 0.09 0.77

Basilic vein 123 179

Brachial vein 63 95

Cephalic vein 20 37

Catheterization arm (preferred hand/non- ~ 29/177 35/276 091 0.34
preferred hand)

Table 3 Comparison of clinical data between the two groups

Variable Observation group Control group (n=311) Statistical value P value

(n=206)

Catheterization time (min) 15.634+7.29 19.154+10.17 429 <0.01

Successful cases of one-time catheterization 203 273 19.66 <0.01

Successful cases of catheterization 206 302 6.07 0.01

Phlebitis 21 57 6.51 0.01

Dominant thrombus 5 16 235 0.13

Occult thrombus 11 29 442 0.04

Bleeding at puncture site 15 31 9.25 <001

Catheter blockage 11 29 2.76 0.09




Xiao Eur J Med Res (2021) 26:99

for the treatment of patients [7]. If the ectopic cathe-
ter is not found on time, it may lead to serious adverse
consequences [8]. To prevent ectopia, many methods
such as finger pressing, pressure device blocking and
improved posture were used for intraoperative preven-
tion [9]. However, the most important way to prevent
catheter displacement is to accurately locate the cath-
eter tip. There are three main positioning methods for
PICC catheter: X-ray, DSA and ECG [10]. The former
two are seldom used due to radiation. ECG position-
ing has the advantages of no radiation, no injury and
low cost, and this technology can accurately locate the
catheter tip position in real time, and has been widely
used [11]. Guideline [6] states that if the position of the
catheter tip has been confirmed by alternative tip tech-
nology, the patient does not need to undergo X-ray and
DSA. The traditional ECG positioning technology needs
to open the valve and connect the heparin cap, needle,
syringe, binding guide wire, binding electrode piece,
etc., which takes a long time, and there is a lack of tight
connection and serious interference. Sometimes, it can-
not lead to continuous, clear and stable ECG waveform,
which affects the observation of the puncturer, and may
even lead to positioning failure. It is also possible to con-
taminate the sterile area and increase the incidence of
infection. Therefore, the author has developed this kind
of guide wire kit which integrates catheter, guide wire,
electrode piece and measuring tube, which is expected to
realize accurate ECG positioning and heterotopic adjust-
ment of central vascular channel devices such as PICC,
central vein, infusion port and hemodialysis catheter. The
module is one-piece, with electrode piece, and it is firmly
adhered and not easy to shift. The assembly is connected
with the pipe screw to ensure the tightness of the connec-
tion [12]. In our study, patients in the observation group
achieved good ECG waveform and good tip position, and
also had a high success rate of puncture and good rate of
catheter tip position, which confirms the effectiveness
of this technology. The self-contained electrode piece is
suitable for most types of ECG monitors and defibril-
lators, which facilitates the positioning in critically ill
patients. The puncture operator can inject or provide
intravenous drip of normal saline through the measuring
tube provided by the assembly to realize the tip position-
ing of valve type central vascular access device.

In our study, the observation group had a lower inci-
dence of phlebitis and occult thrombosis, as well as
a shorter catheterization time. This may be due to the
increased success rate caused by accurate positioning.
If the location is not accurate, the vessels are repeatedly
mechanically stimulated, which will increase the inci-
dence of phlebitis [13]. At the same time, thanks to our
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new medical guide wire components, patients are placed
under clear ECG monitoring throughout the whole pro-
cess, and the puncture operator does not need to carry
out the tedious steps of connecting the external media
many times, and the operation time is greatly reduced.

It is necessary to study whether this technology can
reduce the incidence of thrombosis and whether it can
improve the comfort of patients.

Conclusion

The new type of medical guide wire assembly combined
with mobile phone app has definite beneficial effect and
accurate positioning. Patients can get higher success rate
of one-time catheterization and success rate of catheteri-
zation, while the incidence of complications of patients is
reduced. This technology is worthy of further promotion.
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