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Abstract

Objective Peripherally inserted central catheter (PICC) use
continues to increase, leading to the development of a blind
bedside technique (BST) for placement. The aim of our study
was to compare the BST with the fluoroscopically guided
technique (FGT), with specific regard to catheter tip position
(CTP).

Materials and methods One hundred eighty patients were ran-
domized to either the BST or the FGT. All procedures were
done by the same interventional team and included
postprocedural chest X-ray to assess CTP. Depending on the
international guidelines for optimal CTP, patients were classi-
fied in three types: optimal, suboptimal not needing reposi-
tioning, and nonoptimal requiring additional repositioning
procedures. Fisher’s test was used for comparisons.

Results One hundred seventy-one PICCs were successful
inserted. In the BST groups, 23.3% of placements were sub-
optimal and 30% nonoptimal, requiring repositioning. In the
FGT group, 5.6% were suboptimal and 1.1% nonoptimal.
Thus, suboptimal and nonoptimal CTP were significantly
lower in the FGT group (p <0.001).
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Conclusion Tip malposition rates are high when using blind

BST, exposing the patient to an increased risk of deep venous

thrombosis and catheter malfunction. Using the FGT or

emerging technologies that could help tip positioning are rec-

ommended, especially for long-term indications.

Key points

* Bedside and fluoroscopy guided techniques are commonly
used for PICC placement.

* Catheter malposition is the major technical issue with the
bedside technique.

* Catheter malposition occurred in 53% of patients with the
bedside technique.
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Abbreviations

PICC  Peripherally inserted central catheters
BST  Blind bedside technique

FGT  Fluoroscopically guided technique
CTP  Catheter tip position

CICV Centrally inserted venous catheters
SVC  Superior vena cava

CAJ  Cavoatrial junction

ICU Intensive care unit

Introduction

Peripherally inserted central catheters (PICC) are increasingly
used to provide access to central veins. Indications for using
PICCs include administration of antibiotics, total parenteral
nutrition, chemotherapy, fluid replacement, and drug
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administration. First described in 1975 1], PICCs have be-
come a primary vascular access device for both inpatient and
outpatient settings. Advantages of PICCs over centrally
inserted venous catheters (CIVCs) are the markedly reduced
risk of procedure-related trauma (pneumothorax; hemothorax;
accidental arterial puncture) [1]. PICCs may be used in an
outpatient setting with a lower rate of sepsis than CIVCs [2].
Increasing demand for PICC placement has led to the devel-
opment of blind placement, or the bedside technique (BST) by
specially trained operators, thus reducing the demand for in-
terventional radiology facilities for placement. The BST is
based catheter insertion of a set length into the vein according
to anthropometric measurements obtained externally on ana-
tomical landmarks. Despite the use of bedside ultrasonogra-
phy (US) for venous puncture and distal guidance, tip malpo-
sition remains an issue, as the superior vena cava (SVC) is not
easily accessible for US guidance. Therefore, tip malposition
is receiving increased attention because even minor
malposition within the SVC can increase the risk of compli-
cations, such as catheter malfunction (higher rates of loss of
function or occlusion) [2], thrombotic complications [1, 3],
arrthythmia, and tamponade [4—6]. The reported rate of tip
malposition with the BST varies among studies from 10% to
>70% and emerge mainly from retrospective studies [7].
Furthermore, to our knowledge, no consistent data comparing
the BST to fluoroscopically guided technique (FGT) exits in
the literature. The purpose of this prospective randomized
controlled study was to compare the BST with the FGT for
PICC placement, with specific regard to catheter tip position
(CTP).

Materials and methods
Patient population

The institutional Ethical Committee approved the study pro-
tocol, and written informed consent was obtained from each
patient. Participation was proposed to all consecutive patients
>18 years referred to the interventional radiology department
for PICC insertion. Patients were excluded if they were unable
or refused to consent to participate.

Patients were randomly assigned in a 1:1 manner to the
BST or the FGT using sequentially numbered, opaque, sealed
envelopes. From May 2013 to January 2014, 180 patients
were enrolled: 90 were randomly assigned to the BST group
and 90 to the FGT group.

PICC placements techniques
All PICCs were done in the Interventional Radiology Unit

using a low-dose X-ray system (Allura Clarity, Philips
Healthcare, Best, The Netherlands) and US guidance (Sparq,
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Philips) with a 5 to 10-MHz linear-array transducer. All pro-
cedures were performed by an interventional radiology team
experienced in PICC placement (10 years’ experience, with
>800 procedures per year). Operators (SB, FG) were
instructed to use a standardized procedure. All operators
received specific BST training prior to the study. The
PowerPICC’® Solo (4-F single lumen or 5-F dual lumen)
device was used for all participants.

Fluoroscopically guided technique

A standardized approach was used for preinsertion assessment
of peripheral veins of both upper arms and preparation for
puncture site, the side and site of which were at operator dis-
cretion. However, in our routine practice, selection is initially
based on vein diameter and arm dominance. The preferred site
is 10 cm above the antecubital fossa through the basilic, bra-
chial, or cephalic vein in the nondominant arm positioned at
75-90° to the body. After tourniquet placement, the puncture
(21 gauge) was performed with B-mode duplex US to identify
the target vein and the best access. A 0.018 nitinol with a
straight-tip guidewire was then inserted. When using the
FGT, guidewire course and position was controlled by fluo-
roscopy, and the standard peel-away introducer was inserted
into the vein. To estimate catheter length for optimal tip posi-
tion, the guidewire was placed either more than or less than
1 cm into the cavoatrial junction (CAJ) with the arm at 45° and
the patient in deep inspiration to better identify the CAJ. An
external clamp was used to mark the length of the guidewire at
the skin site. Using the guidewire to indicate the desired
length, the catheter was prepared to match the measured
length using a sterile scalpel. We carefully considered the
distance between clamp and skin entrance. Catheter and stylet
were inserted as into the sheath as one unit, and the catheter
was then advanced. When advancement was achieved, the
sheath was removed by splitting and peeling it away. The final
CTP was documented with an immediate chest fluoroscopy
(posteroanterior projection) with the patient’s arm in adduc-
tion and the patient in deep inspiration. The puncture site was
dressed using StatLock catheter stabilization device (Bard
C.R)).

Bedside technique

Once the insertion site was identified, we estimated catheter
length using two cutaneous anatomic landmarks: the right
clavicular head and the third intercostal space. The distance
was measured between planned insertion sites to the right
clavicular head, then down to the third intercostal space, with
the shoulder abducted to 90°, as previously described [8] and
as recommended by the manufacturer. The same protocol was
followed for the FGT.
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The PICC was prepared so catheter length matched the
measured distance. Catheter introduction was established
using the Seldinger technique. During insertion, we attempt
to avoid tip malposition by turning the patient’s head toward
the insertion site and tilting the chin to the chest [9—12].
Following successful insertion, a US of the jugular vein to
confirm CTP. Immediately following successful placement,
chest fluoroscopy is obtained in the same manner as for the
FGT.

Tip position classification

Based on the European Guidelines [13], we classified CTP
into three groups, considering the CAJ as the intersection be-
tween the right lateral wall of the SVC, as defined by the right
lateral border of the mediastinum; and the right lateral border
of the cardiac silhouette, defined by the right atrium [14, 15]:

— Type 1: optimal tip position located either more than or
less than 1 cm from the CAJ

— Type 2: suboptimal tip location not requiring reposi-
tioning, with tip located >1 cm under the CAJ or >1 cm
above the CAJ but remaining in the SVC

—  Type 3: nonoptimal tip location requiring repositioning,
with tip located >3 c¢cm under the CAJ or not inside the
SvC

The recommendation of the Ethical Committee was that
patients with type 3 undergo repositioning during the same
session. Posteroanterior chest X-ray demonstrating CTP is
shown in Fig. 1.

Data collection and statistical analysis

Procedural details, including catheter type, patient charac-
teristics, site selection, repositioning, complications, and
indications for catheter placement were all recorded.
Chest X-rays were interpreted by senior interventional
radiologists (SC, SDQ) blinded to the technique used for
catheter insertion.

The primary endpoint was defined as the rate of PICCs in a
suboptimal position; the secondary endpoint was the rate of
PICCs in a nonoptimal location requiring repositioning.

On the basis of the literature, we expected to see a
difference between groups of 15% in tip malposition.
We therefore calculated that a sample size of 132 patients
would be necessary for our study. Considering the possi-
ble dropouts or information loss, the final size was esti-
mated to be 180 patients (90 in each group). Clinical data
was compared between groups using chi-square or
Fisher’s exact test, as appropriate.

Fig. 1 Thoracic radiography demarks optimal, suboptimal, and
nonoptimal catheter tip position (CTP). In the optimal position (type 1),
the tip is positioned <1 cm above or below the cavoatrial junction (CAJ)
(black line). In the suboptimal position (type 2), the tip is located >1 cm
below or above the CAJ but in the superior vena cava (SVC) (green
lines). In type 3 the tip should be repositioned because it is located
>3 cm under the CAJ or beyond the SVC (red lines)

Results

Patient characteristics, procedural details, and chest X-rays
were available for all patients and are reported in Table 1.
There was no significant difference between groups regarding
baseline demographics, indications for catheter placement,
ability to accomplish venous puncture, and successful PICC
introduction. Successful introduction was accomplished in
95.5% in the FGT group and 95.6% in the BST group.
There was no significant difference in complication rate between
groups. All complications comprised hematomas near the inser-
tion area that were treated conservatively. There was no
significant difference between groups regarding access site, and
a higher percentage of PICCs were inserted in the left arm in both
groups (66.7% in the FGT and 77.8% in the BST) (Table 1).
Regarding tip position, 79 of 89 (88.8%) attempted PICCs
in the FGT group resulted in an optimal CTP (type 1) com-
pared with 38 of 90 (42.2%) attempted PICCs in the BST
group, with a statistically significant difference between
groups (p <0.001) (Fig. 2). Five of the 89 procedures (5.6%)
met criteria for type 2 following the FGT (suboptimal tip
position not requiring repositioning). In the BST group, 21
of 90 procedures (23.3%) were type 2 (Fig. 3). The difference
between groups was again statistically significant (p < 0.001).
There was one nonoptimal (type 3) CTP in following the FGT
and 27 (30%) following BST (Fig. 4). Regarding comparison
between the left arm access and the right arm access, a
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Table 1 Demographics,
indications, and anatomical
considerations of the study

population with respect to
insertion technique

Insertion under Bedside P value
fluoroscopy (n = 89) insertion (n =90)
Demographic
Males, n (%) 50 (51) 48 (49) 0.702
Age (years), mean = SD” 61.8+1.8 60.7+1.9 0.345
Indications
Limited access options, 7 (%) 5(5.6) 5(5.6) 0.986
Administration of therapy®, n (%) 83 (93.3) 84 (93.3) 0.984
Anatomical considerations
Right arm access site, 7 (%) 30 (33.3) 20 (22.2) 0.219
Failure to access, n (%) 4(4.5) 4(4.4) 0.974

Two-tailed Fisher's exact tests for dichotomous variables and larger chi-square test for independence were used, as

appropriate
SD standard deviation

“ Antibiotics, parenteral nutrition, chemotherapy, et al.

significant difference was also observed in the percentage of
nonoptimal positioning that necessitates repositioning (type 3)
(p <0.001). Precise PICC tip locations for types 2 and 3 are
reported in Table 2.

Discussion

PICC malposition is a well-known problem, with reported
rates for the BST ranging from 10 to >70% [16—18] in retro-
spective studies. To our knowledge, our study is the first pro-
spective randomized controlled study comparing the BST
with the FGT in terms of malposition rate. To limit confound-
ing factors that could influence results, we conducted the
study with the same product, the same team of operators,
and the same facilities in consecutive patients from the same

institution. Our study demonstrated a high rate of tip malpo-
sition with the BST (53%) versus the FGT (6.7%).
Furthermore, the need for catheter repositioning was high in
the BST (30%). Our findings relative to the BST are consistent
with some reported in the literature [7, 19, 20] but are higher
than others [17]. Johnston et al. [19] and Venkastan et al. [21]
reported a malposition rate, respectively, of 76 and 63%,
whereas Ng et al. [22] and Trerotola et al. [17] found a mal-
position rate 37 and 10%, respectively. As described by
Johnston et al. [19], the differences between these rates are
probably multifactorial but can be explained by differences in
insertion technique, patient population, operator experience,
method used to determine catheter length, and the definition
used to describe malposition. Concerning patient population,
there is an increased risk of malposition rate in intensive care
unit (ICU) compared with non-ICU patients, probably ex-
plained by the difficulty in positioning the patient, the

Fig. 2 Optimal peripherally inserted central catheter (PICC) position.
The tip is positioned at the cavoatrial junction (group 1).
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Fig. 3 Catheter tip located in a suboptimal location (>1 c¢cm above the
cavoatrial junction but in the superior vena cava) (group 2)
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Fig. 4 Catheter tip located in the right atrium (type 3) and must be
repositioned (group 2)

presence of other central venous catheters, and differences in
venous flow characteristics secondary to mechanical ventila-
tion [23].

One of the major issues in PICC placement is the method
used to determine catheter length. We were surprised by the
limited data in the literature, particularly of randomized

controlled trials on this subject, despite widespread use of an-
thropometric measurements, to define optimal placement tech-
nique. Different anthropometric measurement techniques have
been used: Johnston et al. estimated insertion length by mea-
suring the distance between insertion point and midclavicle and
added the distance between the suprasternal notch and the
acromioclavicular joint [19]. Venkatesan et al. estimated cathe-
ter length by measuring the distance from insertion site on the
arm to the angle of Louis [21]. Schweickert et al. trimmed the
catheter length on measurements from the site of venipuncture
to 1-2 cm below the suprasternal notch [12].

In our, we followed the instructions for use from the man-
ufacturer, as recommended by the Infusion Nurse Society’s
2006 standard of practice [24] and other authors [8, 25], being
convinced that this technique was the most widely used
worldwide. The second issue was certainly the definition used
to describe malposition, which is still controversial and is
absence a consistent definition of optimal tip position. In the
North American guidelines, optimal tip location is the low
SVC or CAJ [19, 24, 26]; European guidelines indicate the
ideal tip position is in the mid or low SVC, at the CAJ, or in
the high right atrium [13]. Other authors accept any position in
the SVC [21, 22]. These differences in definition might help
explain differences between reported malposition rates.

Table 2 Anatomical position
after insertion, suboptimal and

nonoptimal positions, and cases
requiring repositioning with
respect to insertion technique

Fluoroscopy (n =89) Bedside (n=90) P value
Anatomical position after insertion
At the CAJ, n (%) 79 (88.8) 38 (42.2) 0.001
Below the CAJ, n (%) 2(22) 25(2.8) 0.001
Above the CAJ, n (%) 4 (4.5) 23 (25.6) 0.001
Reposition after insertion
Cases requiring reposition, 7 (%) 1(1.1) 27 (30) 0.001
Below the CAJ repositioned, n (%) 1(1.1) 15 (16.7) 0.001
Above the CAJ repositioned, n (%) 0(0.0) 12 (13.3) 0.001
Anatomical position of tip above the CAJ
Lower third of the SVC, n (%) 3.4 5(5.6) 0.720
Mid third of the SVC, n (%) 0 (0.0) 2(2.2) 0.497
Upper third of the SVC, n (%) 1(1.1) 7 (7.8) 0.064
Internal jugular vein, n (%) 0(0.0) 1(1.1) 0.704
Subclavian vein, vein n (%) 0(0.0) 6 (6.7) 0.029
Innominate trunk, n (%) 0(0.0) 1(1.1) 0.704
Others, n (%) 0(0.0) 1(1.1) 0.704
Final tip device position
Optimal, n (%) 79 (88.8) 38 (42.2) 0.001
Suboptimal, n (%) 5(5.6) 21(23.3) 0.001
Not optimal, 7 (%) 1(1.1) 27 (30) 0.001
Complications, n (%) 8(9) 6 (6.7) 0.591

Two-tailed Fisher’s exact tests for dichotomous variables and larger chi-square test for independence were used, as

appropriate

CAJ cavoatrial junction, SVC superior vena cava
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How position is assessed is also of concern. Defining tip
location on plain X-rays is difficult and subject to significant
interobserver variations. Indeed, identification of the CAJ
using landmarks derived from fluoroscopy or chest X-ray is
imprecise and open to interpretation [14].

Our study was designed to address these limitations and
limit their impact in interpretation. First, the radiographic land-
mark we choose to localize the CAJ (inflection of the right atrial
border) was demonstrated as one of the closest radiographic
landmarks to the CAJ by Ridge et al. [15]. Using echocardiog-
raphy (ECG)-gated computed tomography angiography (CTA),
the authors reported that the inflection of the right atrial border
was located a mean of 1 cm above the CAJ [standard deviation
(SD) of more than or less than 0.8 cm. Second, two experienced
radiologists read in consensus all chest X-rays; patients were
classified regarding CTP on chest X-ray using the three-level
classification described earlier. Twenty-three percent of patients
in the BST arm were classified type 2 and 30% as type 3, which
remains unacceptably high in comparison with the FGT (5.6%
type 2 and 1.1% type 3). These data clearly demonstrate that
blind bedside PICC insertion is not accurate for optimal tip
positioning. However, the FGT also has limitations: It exposes
the patient and operator to X-ray radiation; it is not practical in
critically ill patients; and in patients classified for type 2 and 3
FGT positioning, , there are underlying difficulties recognizing
the CAJ.

Emerging X-ray-free technologies, such as ECG placement
techniques such as intracavitary (IC) ECG, IC-ECG associat-
ed with magnetic tracking (Sherlock 3CG tip confirmation
system), and IC-ECG associated with Doppler findings, seem
to be very promising for reducing malposition rates. Indeed,
Baldinelli et al. demonstrated a rate of suboptimal CTP of
7.14% using IC-ECG technique [8]; Johnston et al. reported
a rate of 21% using the Sherlock 3CG [7]. These techniques
require p-wave recognition and are easy to use in many clin-
ical situations (atrial fibrillation; cardiac pacemaker; dilated
cardiomyopathy); however, they are unable to help establish
optimal PICC length.

The clinical impact of tip position is still debated, even
though a direct relationship with tip location and PICC-
related complications exists. With available technologies, we
believe that tip position type is to be considered with specific
regard to the target population. Type 2 tip positions are of
greatest concern in patients at high risk of thrombosis (sys-
temic comorbidities such as cancer; infusate type); those re-
quiring a long-term PICC should be optimally selected for
insertion method. Further studies are needed regarding patient
selection for optimal procedure determination, depending on
the patient’s clinical history, type of infusate, and access du-
ration. Further developments are needed to obtain optimal
PICC insertion, navigation, and positioning.

In conclusion, PICCs are increasingly used in routine prac-
tice in various indications. This study clearly demonstrates
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that techniques used for placement are not equal for attaining
optimal CTP. Considering the importance of the CTP, the FGT
should be considered at least for patients at high risk of com-
plications. Further evaluations are needed to better select pa-
tients for the optimal placement technique, and technological
advances will aid in greater CTP accuracy when using the the
BST.
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