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Abstract: Objective: To explore the application value of a modified peripherally inserted central catheter (PICC)
technique. Methods: We compared modified PICC (observation group) and traditional PICC (control group) methods
based on their insertion success rates, time requirements, patient comfort, and other aspects. Results: The first attempt success rate in 582 patients in the observation group was 100%, while the rate in 773 patients in the control
group was 90.8% with a second attempt rate of 9.2% (P<0.05); the mean time required was 43.81±10.27 min in
the observation group and 68.20±7.89 min in the control group (P<0.05). Thus, there were significant differences
between the two groups. Conclusion: This modified PICC method can effectively decrease the incidence of catheter
malposition, require less time, and is convenient for both the clinical medical worker and the patient. Therefore, this
technique should be promoted in clinical practice.
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Introduction
Currently, the peripherally inserted central
catheter (PICC) infusion technique is widely
used in clinical practice; however, catheter malposition (i.e., the catheter tip misses the superior vena cava), which occurs in blind insertion,
is a common cause for first attempt failure.
Between March and August, 2012, we adopted
the modified PICC insertion method on 582
patients who underwent PICC placement.
Among these, 582 cases had successful placement with an insertion success rate of 100%.
Here, the method is summarized.
Materials and methods
Subjects
A total of 582 patients who underwent PICC
placement between March and August 2012
were included in the observation group, while
773 patients who underwent PICC between
February and September 2010 were enrolled in
the control group. The general conditions of
subjects are shown in Table 1. We used PICC

catheters with a three-way valve (4-Fr PICC,
Bard Access Systems Inc.) for all patients.
Inclusion criteria
1). The involved limb had no anatomic or structural abnormalities; 2). The basilic vein in the
involved limb was the first choice (including
patients with a failed first puncture, another
puncture site was selected); 3). The involved
limb could be abduced to form a 90° angle with
the body; 4). The catheter tip was placed at the
lower third of the superior vena cava after puncture was completed.
Selection of puncture site and external measurement method
The first choice was the right basilic vein [1-3]
for most patients; the left basilic vein was chosen in patients with right breast disease
because the right upper extremity was not suitable for puncturing. The puncture site selected
for each enrolled patient is shown in Table 2.
The external measurement procedure was performed according to the method of Du et al. [4]:
the length from the puncture site to the right

Modified inserted central catheter
Table 1. Comparisons of general conditions between groups
Cases (n)
Male (n, %)
Female (n, %)
Age (years)
Blood diseases (n, %)
Gastrointestinal tumors (n, %)
Breast diseases (n, %)

Observation group
582
301 (51.72)
281 (48.28)
46.31±19.77
119 (20.45)
308 (52.92)
155 (26. 63)

Control group
773
376 (48.64)
397 (51.36)
50.49±20.25
126 (16.30)
407 (52.65)
240 (31. 05)

Table 2. The selection of punctured vein in the two groups (n,
%)
Group
Observation group
Control group

Cases
582
773

Puncture site (the first choice)
Right basilic vein
Left basilic vein
155 (26.7)
427 (73.3)
240 (31.0)
533 (69.0)a

P>0.05, there was no significant difference in the selection of basilic vein
between the left and right extremities.
a

Table 3. Comparison of the success rate between the two insertion methods (n, %)
Group
Observation group
Control group

Cases
582
773

First attempt Second attempt Total sucsuccess rate success rate
cess rate
582 (100)
0 (0)
582 (100)
702 (90.8)a
71 (9.2)b
773 (100)c

P<0.05, the observation group was superior to the control group based on the
first attempt success rate. bP>0.05, no significant difference was found in the
second attempt success rate between the two groups. cP<0.05, the observation
group was superior to the control group based on the total insertion success
rate.
a

sternoclavicular joint and then downward to the
second rib was measured.
Criteria for successful catheter insertion
First attempt success depended on the observation of blood after the first pricking or subcutaneous vascular detection was seen less than
three times. Second attempt success was
defined as selecting another puncture site,
including less than three times of subcutaneous vascular detection [5].
Traditional insertion method
The patient was placed at the required position, and one operator measured the arm circumference and required length, performed
the puncture after disinfection, and withdrew
the stylet following confirmation of the point of
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entry of the introducer sheath
into the blood vessel followed by
slowly advancing the catheter
along the introducer sheath. We
asked each patient to turn his or
her neck toward the puncture
side, making the lower mandible
touch to the shoulder to the greatest extent and advanced the
catheter to the required graduation. Then, we pumped the returned blood and injected physiological saline in pulse to determine whether it was smooth and
conducted positioning by radiography following the connection of
heparin caps. We needed to
adjust the position of the guide
wire if X-ray film showed catheter
malposition, until it was smooth,
followed by positioning by radiography, which referenced PICCrelated operating regulations of
the Infusion Nursing Association
[7]. During this process, the patient was placed at the required
position (the involved limb formed a variety of angles with the
body) [6].
Modified insertion method

The patient was placed at the
supine position. We selected the
puncture site, measured the arm
circumference, the distance from the puncture
site to the right sternoclavicular joint and then
to the second rib, and made the punctured arm
form a 90° angle with the body. We advanced
the needle after skin disinfection, i.e. one operator advanced the catheter, while the other
operator linked a 20 ml syringe to the tail-end
of the catheter and slowly injected 0.9% sodium chloride solution, advancing the catheter
when flushing the catheter in pulse until the
catheter was advanced to the required graduation. Finally, we screened chest film to determine the position of the catheter tip without the
firm attachment of the lower mandible to the
shoulder of the patient.
Statistical analysis
All statistical analyses were performed using
SPSS 19.0. The count data were analyzed using
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Table 4. Comparison of time requirements between the two insertion methods (min)a
Group
Observation group
Control group

Cases
582
773155

Time required for first
attempt success
43.81±10.27
45.75±11.94b

Time required for second
attempt success
84.21±6.77

Average time required
43.81±10.27
68.20±7.89c

Time required in this study was defined as the time from preparing used objects to positioning under radiography. bP<0.05,
the time required for first attempt success in the observation group was slightly superior to that of the control group. cP<0.01
the average time required in the observation group was significantly superior to that of the control group.
a

the chi-squared test to compare the frequency
of parameters. The measurement data were
tested using the independent sample t-test to
compare the mean and standard deviation. A
level of P<0.05 was considered statistically
significant.
Results

studies using various methods to reposition
malpositioned catheters. The method in which
the assistant injects physiological saline from
the connecter-connecting end of the catheter
when advancing the catheter again provides a
greater success rate [14, 15]. Therefore, this
method was an effective method for successful
catheter insertion.

Comparison of insertion success rate between
the two groups (Table 3).

The modified insertion method can reduce the
time required for PICC placement

Comparison of time requirements between the
two groups (Table 4).

As shown in Table 3, the time required for PICC
placement in the observation group was significantly less than that in the control group, which
not only improved the operator efficiency but
also saved patient’s time based on first attempt
success.

Conclusions
The modified insertion method can improve
the insertion success rate and reduce complications
Catheter malposition is a common problem in
PICC positioning with an incidence of 12.524.6% using traditional methods [8]. Disadvantages include obvious increases in the occurrence of other complications of PICC positioning, such as fluid leakage, limb swelling, pain,
and so on; in addition, some special risks like
the collection of fluid around the vertebra, atria
fibrillation, and so forth are seen [9]. Foreign
studies have shown [10-12] that only good preventive work during catheter insertion can effectively prevent catheter-related bloodstream
infection (CR-BSI). Data have revealed that
phlebitis occurring in the early stage of catheter
insertion is usually related to repeated mechanical injury during puncturing [13]. Accordingly,
first attempt success can reduce the occurrence of various adverse effects and complications. Table 3 shows that the insertion success
rate in the observation group was significantly
greater than that in the control group (100% vs.
90.8%, respectively). Thus, the modified PICC
technique effectively reduced the incidence of
catheter malposition. There have been many
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The modified insertion method is convenient
for the patient
Xie et al. [16] confirmed that the traditional
position (the patient is placed at the supine
position with the involved limb forming a 90°
angle with the body and the head is turned to
the puncture side with the lower mandible firmly bent toward the shoulder) cannot reduce the
occurrence of cathetermalposition. This modified insertion method did not require the patient
to turn his or her head or change position during puncture, which decreased the occurrence
of anxiety related to a failed puncture due to
their ownactions as well as relieved psychological burden of the patient. At present, many
researchers randomly monitor catheter insertion using a simulator; however, this expense
greatly increases the economic burden on the
patient. Considering the patient-centered principle, the modified insertion method is economical and convenient.
Summary
Abroad, intravenous therapy has been assessed in depth. The safety, efficacy, expense,

Int J Clin Exp Med 2017;10(4):7173-7176

Modified inserted central catheter
and indications of applied products have
become the norm [17]. In China, various techniques of PICC placement are still rapidly developing. Under conditions without a simulator,
this modified PICC insertion method can effectively reduce the incidence of catheter malposition, which makes it convenient for both clinicians and patients. However, this method
needs good coordination between the operator
and assistant. Therefore, only good coordination between PICC operators can make this
method useful in the clinic.
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