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Abstract

Objective: This study was performed to evaluate the technical success rate and catheter tip

malposition rate of peripherally inserted central catheter (PICC) placement using the Sherlock

3CGVR Tip Confirmation System (TCS).

Methods: In total, 114 patients who underwent PICC insertion via the Sherlock 3CGVR TCS

from October 2017 to February 2018 were retrospectively evaluated. The primary endpoints

were the technical success rate, malposition rate, and mean procedure time. The secondary

endpoints were the sex-related difference in the malposition rate, radiologist’s experience level,

and side of insertion. Technical success was defined as procedure completion using only the

Sherlock 3CGVR TCS without a guidewire or fluoroscopy guidance. In accordance with the North

American guidelines, an adequate position was defined as the lower third of the superior vena

cava and the cavoatrial junction.

Results: The technical success rate was 97% (111/114). The malposition rate was 16% (18/111),

and four catheters were repositioned. There were no significant differences in the malposition

rate between the sexes, radiologist’s level of experience, or side of insertion.

Conclusions: PICC placement using the Sherlock 3CGVR TCS yielded a high technical success

rate and low catheter tip malposition rate regardless of the radiologist’s level of experience or

side of insertion.
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Introduction

A peripherally inserted central catheter
(PICC) is a specific type of venous catheter.
Normally, a PICC is inserted via a cephalic
or basilic vein of the upper arm under ultra-
sonographic guidance, and the catheter tip
is positioned at the superior vena cava
(SVC) through the subclavian and brachio-
cephalic veins. The advantage of PICCs
over centrally inserted venous catheters is
the reduction in the risk of procedure-
related complications such as a pneumotho-
rax, hemothorax, or life-threatening
hemorrhage. Catheter tip malposition is
the most frequent problem encountered in
PICC insertion because the procedure is
blindly performed without fluoroscopic
guidance.1–5 Catheter tip malposition can
trigger venous thrombosis or cardiac tam-
ponade.6–10

The Sherlock 3CGVR Tip Confirmation
System (TCS) (Bard Access Systems, Salt
Lake City, UT, USA) is composed of an
external magnetic sensor at the catheter
tip and an intracavity electrocardiography
guidance system (IC-ECG). The Sherlock
3CGVR TCS enables advancement of the
catheter tip under the magnetic sensor’s
guidance system, which graphically shows
the position of the catheter tip on a bedside
monitor. When the catheter tip is located
near the cavoatrial junction (CAJ), the
p-waves of the IC-ECG gradually become
higher, reaching a maximum at the CAJ.
With these two guidance systems, the cath-
eter tip can be advanced to the CAJ without
using fluoroscopy. In a previous study, the

malposition rate among patients in the

intensive care unit (ICU) who had under-

gone PICC insertion using the Sherlock

3CGVR TCS was 56.1%.11 However, to the

best of our knowledge, no reports in the

literature have addressed the clinical

impact of PICC insertion using the

Sherlock 3CGVR TCS in normal (non-ICU)

patients under a precise definition of ade-

quate positioning evaluated by chest radi-

ography. In this retrospective study, we

evaluated the technical success rate and

catheter tip malposition rate of PICC inser-

tion using the Sherlock 3CGVR TCS in

normal (non-ICU) patients.

Materials and methods

The study was approved by our institution-

al review board, and the requirement to

obtain informed consent from the patients

was waived [approval number 29-363

(8979)]. The Sherlock 3CGVR TCS was intro-

duced in Japan in October 2017. Since then,

we have been using the system for normally

(non-ICU) hospitalized patients.
Consecutive patients who underwent

procedures using PICCs in our radiology

department from October 2017 to

February 2018 were assessed for eligibility.

We excluded patients with atrial fibrillation,

those who had undergone pacemaker

implantation, and those for whom the

Sherlock 3CGVR TCS catheter was unavail-

able. Five interventional radiologists with 1,

1, 6, 10, and 16 years of experience,

respectively, conducted all procedures.
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The radiologists were divided into two
groups: the “beginner” group of first-year
radiologists and the “skilled” group. The
double-lumen Power PICC (Bard Access
Systems) was used for all patients. The
Y-shaped magnetic sensing device was
placed in the anterior chest wall, and the
ECG electrodes were placed on the right
shoulder and left flank. The puncture
point was confirmed using ultrasound.
The choice of the right or left arm was
based on the patient’s request to the great-
est extent possible. The preferred puncture
vein was the basilic vein. An alternative
target was the deep brachial vein; the
cephalic vein was avoided because the
inflow angle into the axial vein was too
sharp to advance the catheter. From the
puncture point, the approximate extracor-
poreal distance was measured through the
axilla, medial head of the right clavicle, and
third intercostal space to adjust the length
of the PICC. The PICCs were cut according
to this measured distance. A magnetic-
tipped stylet was left at the level of the cath-
eter tip. The PICCs were inserted from a
5-Fr sheath that was introduced using
Seldinger’s technique under ultrasound
guidance via a 21-G puncture needle and
a 0.018-inch guidewire. The PICCs were
advanced into the SVC using the magnetic
tracking display of the Sherlock system.
The ECG system was then used. The cath-
eter tip was advanced to the point at which
the p-wave on the display monitor reached
maximum height immediately before
appearing as a negative wave. A chest
radiograph was then obtained with the
patient in the supine position on the table
at maximum height and with the detector
close to the patient’s chest. The radiograph
was obtained with patient’s arm in adduc-
tion during deep inspiration. All procedures
were performed in the interventional radi-
ology room.

The primary outcomes were the technical
success rate, malposition rate, and mean

procedure time. We defined technical suc-
cess as positioning of the catheter tip at
the CAJ point using only the Sherlock
3CGVR TCS. Technical failure was defined
as the need to advance the catheter tip
using a guidewire or fluoroscopy guidance
in addition to the Sherlock 3CGVR TCS.
Analysis of the malposition rate included
cases in which the catheter was successfully
inserted (n¼ 111).

An adequate catheter tip position was
defined as the lower one-third of the SVC
or CAJ according to the North American
guidelines. Following previous reports in
the literature,5,11 we defined positioning at
the low SVC as localization of the tip below
the right main bronchus, above the CAJ.
Positioning at the CAJ was defined as local-
ization of the tip within 2.4 vertebral body
units (VBUs) from the tracheal carina on
the chest radiograph obtained immediately
after PICC insertion.12 One VBU included
one vertebral body and its disc. We calcu-
lated the procedure time as the time from
opening the PICC kit until confirmation of
the catheter tip position by a chest radio-
graph from routine clinical records.

The secondary outcomes were the sex-
related difference in the malposition rate,
the radiologist’s experience level (beginner
or skilled), and the side of insertion. We
used Fisher’s exact test to compare the mal-
position rates between the groups. The
threshold for significance was p< 0.05. All
statistical analyses were conducted
using Ekuseru Toukei 2015 (SSRI,
Tokyo, Japan).

Results

Of 140 consecutive patients who underwent
procedures using PICCs, 114 patients
(73 male and 41 female) were enrolled in
the present study. The flow diagram for
the patient selection process is shown in
Figure 1. The patients’ demographics are
listed in Table 1. There were no adverse
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events (including life-threatening complica-

tions) during the procedures.
The overall technical success rate was

97.3% (111/114). Three cases of technical

failure were attributable to the following:

inability to interpret the magnetic guidance,

thus requiring fluoroscopy (one case), and

inability to extend the catheter forward

through the subclavian vein, thus requiring

a guidewire (two cases). The malposition

rate was 16.2% (18/111). Among these 18

cases, 1 occurred at the upper SVC, 6 at the

middle SVC, and 11 at the right atrium. The

mean distance inside the right atrium was

19 mm from the CAJ. After identification

of the malpositioned cases, four had an ade-

quately repositioned catheter tip as shown

by the chest radiograph. One upper SVC

case was extended further, and three deep

right atrium cases were retracted to the

CAJ. In these three cases, the distance

inside the right atrium was 30, 38, and
45mm, respectively. The other 14 cases
could not be repositioned because they
were in an adequate position according to
the European guidelines (from the middle
SVC to the high right atrium). We observed
a slight difference in the malposition rate
between the male and female patients
(Table 2), but the difference was not statis-
tically significant. There were no differences
in the malposition rates in terms of the side
of insertion or radiologist’s experience level

Table 1. Patient demographics (N¼ 114)

Male sex 73 (64)

Left arm access site 59 (52)

Group S* 87 (76)

Data are presented as n (%)

*“Skilled” group

Figure 1. Flow diagram of the patient selection process.
PICC, peripherally inserted central catheter; TCS, Tip Confirmation System

Table 2. Results for malposition rate (N¼ 111)

Malposition

(n¼ 18)

Adequate

position

(n¼ 93) p value

Difference

between sexes

0.056

Male 8 65

Female 10 28

Difference

between sides

0.44

Right 7 47

Left 11 46

Difference between

experience level

0.77

Beginner group 5 22

Skilled group 13 71
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(Table 2). The mean procedure length was
23.59� 6.56 minutes. The beginner group
needed significantly more time than the
skilled group (29.92 vs. 22.34 minutes,
respectively; p¼ 0.00024).

Discussion

In this study, we investigated the technical
success rate and malposition rate of PICC
insertions using the Sherlock 3CG VR TCS in
normally hospitalized patients. The proce-
dure yielded a high technical success
rate (97.3%) and a low malposition
rate (16.2%).

A previous retrospective study of 250
ICU patients who underwent PICC inser-
tion with the Sherlock 3CGVR TCS yielded
2 failed insertions and 1 case of a catheter
that was too short for adequate insertion.11

A recent randomized controlled trial
showed that the technical success rates for
the IC-ECG and blind methods were 89.2%
and 77.4%, respectively.2 Our high techni-
cal success rate was in accordance with
those from previous studies. The success
of PICC insertion using the Sherlock
3CGVR TCS is related to the low technical
failure rate regardless of the
patient’s condition.

There are two major sets of guidelines
concerning the catheter tip position: the
North American and European guidelines.
The CAJ is desirable in both sets of guide-
lines.13–15 Because we believe that compli-
cations associated with PICC insertion
decrease when the catheter tip approaches
the CAJ, we chose the stricter definition
from the North American guidelines speci-
fying the CAJ and low SVC. Our malposi-
tion rate was 16.2% (18/111) according to
the North American guidelines. A previous
retrospective study of PICC insertion with
the Sherlock 3CGVR TCS in ICU patients
yielded a malposition rate of 56.1%,
which was lower than that with the blind
method.11 The authors of that study defined

an adequate tip position as the low SVC
and CAJ. There is no consensus regarding
the landmarks of the CAJ on a chest radio-
graph, and our department adopted the
position at 2.4 VBUs below the carina as
the most reliable.12 Although there is a dif-
ference in the definition of CAJ when read
from a chest radiograph, our results suggest
that the Sherlock 3CGVR TCS reduces the
number of cases of malpositioning among
normally hospitalized patients compared
with ICU patients. One review showed
that the malposition rate ranged from 0%
to 4% in normally hospitalized patients
using the Sherlock 3CGVR TCS.16

However, neither the CAJ on the chest
radiograph nor an adequate catheter tip
position was clearly defined in that report.
Given the diversity of definitions used in
comparisons of the malposition rate, the
adequate catheter tip position and the posi-
tion at the CAJ on a chest radiograph
should be clarified.17,18 We believe that the
present study is valuable in terms of clari-
fying the precise definition of the adequate
position and the CAJ on chest radiographs.

We repositioned 4 catheter tips among
our 18 cases of malposition. These four
cases were defined as malposition according
to the European guidelines. The rate of
replacement of malpositioned PICCs using
the Sherlock 3CGVR TCS has not yet been
reported.16 Because this replacement rate
might reflect the usefulness of the Sherlock
3CGVR TCS, further analysis is warranted.
Although there is disagreement concerning
the necessity of confirmation via a routine
chest radiograph, we believe that such con-
firmation is necessary because we encoun-
tered some cases requiring replacement.

Our mean procedure length was 23.59�
6.56 minutes. A previous retrospective
study of 60 blind insertions and 60 inser-
tions using the Sherlock 3CGVR TCS yielded
a mean procedure time of 29.05� 7.84 and
33.93� 25.63 minutes, respectively.3 These
times did not include the time required for
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placement confirmation or repositioning.

Our data included the confirmation time;

however, the procedure length was shorter

than that in previous reports. Although

comparison of the procedure duration

between previous studies of blind insertion

and the present study, our procedure time is

thought to be acceptable.
In the present study, we found no signif-

icant difference in the malposition rate

between the sexes. However, the malposi-

tion rate was higher in female patients

than in male patients. We defined the CAJ

as a point 2.4 VBUs below the carina in

accordance with previous studies. Our

study showed that the distance from the

carina to the CAJ (in VBUs) was greater

in older female patients, presumably

because of the reduction in the vertebral

body height caused by osteoporosis.12 Our

malposition cases may have also been influ-

enced by this factor.
Similarly, we found no significant differ-

ence in the puncture side. Generally, PICC

insertion in the left arm requires more expe-

rience because the distance from the punc-

ture point to the CAJ is longer than that

from the right arm. A previous study

showed that the malposition rate was

lower in right- than left-sided catheters

with blind insertion.4 Further malposition

analysis with the Sherlock 3CGVR TCS

remains to be performed in a larger patient

population.
This study also showed no significant

difference in the operator’s experience

level. This result implies that catheter tip

positioning with the magnetic sensor and

IC-ECG does not necessarily require exten-

sive experience. The success rates for rela-

tively inexperienced radiologists in this

study were close to those of general practi-

tioners whose specialty was not radiology,

and these general practitioners were able to

easily insert bedside PICCs using the

Sherlock 3CGVR TCS.

This study had several limitations. Bias

cannot be ruled out because of the single-

center, single-arm study design, and all pro-

cedures were conducted by a radiologist in

one interventional radiology room. Further

research is needed to fully evaluated cases

of replacement and additional procedure

time, and better landmarks of the CAJ on

chest radiographs should be sought.
In conclusion, PICC placement using the

Sherlock 3CGVR TCS for normally hospital-

ized patients demonstrated a high technical

success rate and a low catheter tip malposi-

tion rate. Our results also suggest that this

technique is useful regardless of the radiol-

ogist’s level of experience and side of inser-

tion. These results indicate that PICC

insertion with the Sherlock 3CGVR TCS is

a feasible and safe method.
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