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Background: We investigated the safety and feasibility of ultrasound-guided peripherally inserted central venous catheter (PICC)
placements performed by intensive care medical trainees in comparison to PICC placements performed by intensivists.

Methods: This was a retrospective and observational study of adult patients who underwent PICC placement and were admitted to
the intensive care unit (ICU) between July 2013 and March 2018. Ultrasound-guided PICC was performed at the bedside by an inten-
sivist or intensive care medical trainee if intrahospital transport was inappropriate. The primary endpoint was PICC-induced complica-
tions. The secondary endpoint was initial success of PICC.

Results: A total of 209 patients underwent PICC placement during the study period. There were no significant differences in age, sex,
body mass index, comorbidities, causes of ICU admission, or severity scores between the trainee-led PICC and intensivist-led PICC
groups. Difficult venous access (42.6%) and requirement for central line infusion (39.2%) were the most common reasons for PICC
placement. The basilic vein (62.2%) was the most common target vein among patients who underwent PICC. There were no significant
differences in complications between the two groups (P=0.473). In addition, the initial success rate and procedural time were similar
between the two groups (P=0.108 and P=0.076, respectively). There were no insertional injuries and moderate or severe bleeding in
patients with PICC.

Conclusion: Ultrasound-guided PICC placement by an intensive care medical trainee may be safe and feasible compared to PICC
placement by an intensivist.
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INTRODUCTION ly ill patients [1,2]. There are many theoretical advantages to us-

ing PICC such as easy placement and a lower rate of complica-
Peripherally inserted central venous catheters (PICCs) are com- tions [ 1-5]. In the past, interventional radiologists inserted PICCs
monly used as an alternative to central venous catheters in critical- in the interventional radiology suite under fluoroscopic guidance
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[2,6,7]. However, serious adverse events may occur during intra-
hospital transport of critically ill patients due to respiratory failure
or hemodynamic instability [8-10]. Therefore, PICC may be im-
plemented at the bedside by intensivists for critically ill patients
who have transport risks [8]. In addition, ultrasound-guided
PICC placements performed by intensivists have been gradually
increasing due to its safety and ease-of-use [ 11].

A subspecialty training program was recently established in the
field of intensive care medicine in Korea [12]. Therefore, inten-
sive care medical trainees have been recently trained in and imple-
mented PICC placements. However, there is limited data on the
safety and feasibility of ultrasound-guided PICC placement per-
formed by trainees of intensive care medicine. Therefore, the ob-
jective of this study was to investigate the safety and feasibility of
ultrasound-guided PICC placements performed by intensive care
medical trainees compared to PICC placements performed by in-

tensivists.

METHODS

This was a retrospective and observational study of adult patients
admitted to the intensive care units (ICUs) at Samsung Medical
Center between July 2013 and March 2018. This study was ap-
proved by the Institutional Review Board of Samsung Medical
Center (SMC 2018-09-011). The requirement for informed con-
sent was waived due to its retrospective nature.

Study population

Adult patients who underwent ultrasound-guided PICC per-
formed by an intensive care medical trainee or an intensivist
during their ICU stay were included in the study. Of these pa-
tients, patients younger than 18 years of age, those with insuffi-
cient medical records, and those discharged before 14 days after
PICC placement were excluded. A total of 209 patients with
PICC placement were analyzed in this study (Fig. 1). To assess
the safety and feasibility of PICC performed by subspecialty train-
ees in critical care medicine, postprocedural outcomes were com-

pared between trainee-led and intensivist-led procedures.

Definitions and outcomes

We retrospectively reviewed all placements of PICCs in the ICU
during the study period. The illness severity on ICU admission
was estimated by the Simplified Acute Physiology Score 3 (SAPS
3) and Sequential Organ Failure Assessment (SOFA) systems.
Central line-associated bloodstream infections (CLABSIs) were
defined as an infection resulting from the same bacteria as con-
firmed by line and blood cultures [4,11,13,14]. CLABSIs were
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also identified in collaboration with the Infection Prevention and
Control Team of Samsung Medical Center who monitors for
CLABSISs [11]. Compression ultrasonography and duplex Dop-
pler were performed only when the patient had clinical signs and
symptoms suggesting venous occlusion such as a swelled arm, un-
explained local pain, or malfunctioned PICC [1,11].

In this study, the primary outcome was PICC-induced compli-
cations. The secondary outcome was initial success of central line
placement.

Procedure

An intensivist determined the PICC placement in critically ill pa-
tients. The ultrasound-guided PICC was preferred at the bedside
for patients with hemodynamic instability, on mechanical ventila-
tion, or those who were critically ill. In this study, all PICCs were
inserted as an elective procedure. Indications for placement of
PICC included the need for a central line for parenteral nutrition,
infusion of drugs requiring a central line, need for frequent blood
sampling, or difficult venous access [1,11]. Contraindications to
PICC placement were small deep veins of the arm (diameter of
target vein <3 mm), local contraindications due to specific arm
conditions such as skin infection, burns, or an arteriovenous fistu-
la for renal failure [ 11]. Obesity or severe edema were not consid-
ered contraindications for PICC placement. We used S Fr sin-
gle-lumen silastic catheters or S Fr dual-lumen Turbo-Ject Pow-
er-Injectable PICCs (Cook, Bloomington, MN, USA), S Fr tri-
ple-lumen PowerPICC Catheters (Bard Access Systems, Salt Lake
City, UT, USA), or 6 Fr dual-lumen Vaxel PICCs with PASV

(252 PICC placement at ICUs]

21 Discharged before 14 days after
PICC placement

12 Insufficient medical record

10 Under 18 years of age

A4

209 Final study population

N

‘ 95 Trainee-led PICC } (114 Intensivist-led PICC}

Fig. 1. Study flow chart. PICC, peripherally inserted central catheter;
ICU, intensive care unit.
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Valves (Navilyst, Marlborough, MA, USA) [11]. PICC placement
was performed by an intensivists or intensive care medical trainee.
After trainees had seen the procedure three times, intensivists su-
pervised their procedures two or three times before they per-
formed the PICC placement independently. In the supine posi-
tion, the patient’s arm was abducted and externally rotated. Usual-
ly, the target vein is either the basilic, brachial, or cephalic vein, and
a tourniquet is sometimes applied to help find the target veins. The
PICC placement was performed by an ultrasound-guided punc-
ture of the deep veins in the upper midarm using the microintro-
ducer technique. A standard $ to 10 MHz linear ultrasound probe
was used. The optimal length was determined for placement of the
catheter tip in the cavoatrial junction, which is commonly done by
measuring the distance from the site of insertion through the hu-
meral head to the sternal notch, and down to the 3rd intercostal
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space. Maximal barrier precautions were consistently used during
the procedure [11]. Ultrasound was used to anesthetize the skin
and reidentify veins. After the ultrasound-guided puncture of the
deep vein, the syringe was removed and the guide wire was ad-
vanced through the needle. The needle was removed and the wire
placement in the vein was confirmed using ultrasound. Using a
scalpel, a small nick at the insertion site was created to accommo-
date the dilator. The dilator and introducer were inserted over the
guide wire. After removal of the guide wire and dilator, only the
introducer was left in place. Finally, the catheter was inserted
through the introducer and advanced to the predetermined length
before the introducer was removed. The target veins and proce-
dure are shown in Fig. 2. The correct position of the tip of the
catheter was verified by chest radiographs. Malposition was de-
fined as a catheter tip that was not located at the cavoatrial junction

Fig. 2. (A) Target veins and procedure of the ultrasound-guided insertion of the peripherally inserted central catheter (PICC). Target veins
were accessed by ultrasound. The cephalic vein is not shown in this ultrasound image. (B) The optimal length of the inserted PICC is
measured from the site of insertion through the humeral head to the sternal notch, and down to the 3rd intercostal space. (C) The PICC is
being inserted with the ultrasound-guided method in the intensive care unit (Eunmi Gil). (D) Finally, the PICC insertion is completed.
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in chest radiographs. Dressing changes occurred every 7 days, or if
soiled in all placements [11].

Statistical analyses

All data are presented as mean * standard deviation for continu-
ous variables and numbers (percentages) for categorical variables.
We compared data using Student’s ¢ test for continuous variables
and chi-square test or Fisher’s exact test for categorical variables.
All tests were two-sided and P values < 0.05 were considered sta-
tistically significant. Data were analyzed using IBM SPSS statistics
ver. 20 (IBM, Armonk, NY, USA).

RESULTS

Baseline characteristics

A total of 209 patients underwent PICC placements during their
ICU stay. The mean age of the patients with PICC was 59.3+15.9
years. Of 209 patients, 116 (55.5%) were males. Hypertension
(54.5%) and malignancies (53.6%) were the most common co-
morbidities among patients who underwent PICC placement.
Respiratory failure (27.3%) and sepsis (23.4%) were the most
common causes of ICU admission. There were no significant dif-
ferences in age, gender, body mass index, comorbidities, causes of

ICU admission, or severity scores of illness on ICU admission be-

Table 1. Baseline characteristics

tween the two groups (Table 1).

Procedural characteristics

Difficult venous access (42.6%) and requirement for central line
infusion (39.2%) were the most common reasons for PICC place-
ment. Almost all patients (92.8%) used a mechanical ventilator
and 70 patients (33.5%) had hemodynamic instability. Renal re-
placement therapy was more frequently used in the trainee group
compared to the intensivist group. The basilic vein (62.2%) and
the brachial vein (20.6%) were the most common target veins
among patients who underwent PICC placement. Activated par-
tial thromboplastin time was prolonged in the trainee-led PICC
group compared to the intensivist-led PICC group. There were
no significant differences in reasons for PICC placement, use of
anticoagulant and antiplatelet agent, insertional veins, platelet
count, and international normalized ratio between the two groups
(Table 2). The procedure times of the intensive medical trainees
and intensivists according to procedure number are shown Fig,. 3.
Although the procedure times of intensive medical trainees de-
creased after three or four procedures (Fig. 3A), those of intensiv-

ists according to procedure number were similar (Fig. 3B).

Clinical outcomes

There were no significant differences in complication between

Characteristic Insertion by intensivist (n=95) Insertion by trainee (n=114) Pvalue
Age (yr) 58.4%15.6 60.1£16.2 0.444
Male sex 52 (54.7) 64 (56.1) 0.949
BMI (kg/m?) 23.3+45 22.5+4.5 0.222
Obese (BMI >30 kg/m?) 6 (6.4) 4(3.8) 0.522
Comorbidities
Hypertension 55 (57.9) 59 (51.8) 0.454
Malignancy 53 (55.8) 59 (51.8) 0.658
Diabetes mellitus 36 (37.9) 45 (39.5) 0.928
Chronic kidney disease 22 (23.2) 26 (22.8) 0.999
Chronic liver disease 7(7.4) 16 (14.0) 0.190
Ischemic heart disease 7(7.4) 13 (11.4) 0.452
Cause of ICU admission 0.242
Respiratory failure 24 (25.3) 33(28.9)
Sepsis 21 (22.1) 28 (24.6)
Cardiovascular problems 20 (21.1) 28 (24.6)
Neurological abnormalities 27 (28.4) 18 (15.8)
Other 3(3.2) 7 (6.1)
SOFA score 7.7+4.5 8.5+4.1 0.267
SAPS 3 36.1£14.6 10.6£15.0 0.059

Values are presented as mean+standard deviation or number (%).

BMI, body mass index; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment; SAPS, Simplified Acute Physiology Score.
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the two groups (P=0.473). There were five cases of CLABSI P=0.076, respectively).

(2.4%) and three cases of symptomatic PICC-related venous

thrombosis (1.4%) in all patients who underwent PICC place- DISCUSSION

ment. However, there were no insertional injuries and moderate

or severe bleeding in patients with PICC (Table 3). In addition, In this study, we investigated the safety and feasibility of ultra-
there were no significant differences in the rate of initial success sound-guided PICC placement performed by intensive care med-

and procedure time between the two groups (P=0.108 and ical trainees compared to PICC placements performed by inten-

Table 2. Procedural characteristics of peripherally inserted central venous catheter line placement

Characteristic Insertion by intensivist (n=95) Insertion by trainee (n=114) Pvalue
Reason for PICC insertion 0.799
Difficult venous access 39 (41.1) 50 (43.9)
For infusion of drugs requiring a central line 38 (40.0) 44 (38.6)
Parenteral nutrition 13 (13.7) 11 (9.6)
Frequent blood sampling 4(4.2) 6 (5.3)
Other 1(1.1) 3(2.6)
Anticoagulation 33 (34.7) 40 (35.1) 0.999
Use of antiplatelet agent 4(4.2) 8 (7.0) 0.569
Use of mechanical ventilator 91 (95.8) 103 (90.4) 0.212
Use of renal replacement therapy 32(33.7) 57 (50.0) 0.025
Use of vasopressor or hypotension 27 (28.4) 43 (37.7) 0.156
Insertional site 0.654
Basilic vein 60 (63.2) 70 (61.4)
Brachial vein 21 (22.1) 22 (19.3)
Cephalic vein 14 (14.7) 22 (19.3)
Laboratory results of coagulation on the day of PICC
Platelet count (x10°/pL) 191.0+128.3 158.5+126.2 0.068
INR 1.4£0.9 1.7+£1.1 0.154
aPTT (sec) 47.4+15.4 52.1+16.1 0.049

Values are presented as number (%) or means+standard deviation.
PICC, peripherally inserted central catheter; INR, international normalized ratio; aPTT, activated partial thromboplastin time.
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Fig. 3. The procedure times of (A) intensive medical trainees and (B) intensivists according to procedure number. (A) Although the
procedure times of intensive medical trainees were decreased after three or four procedures, (B) those of intensivist according to procedure
number were similar.
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Table 3. Clinical outcomes

Characteristic Insertion by intensivist (n=95) Insertion by trainee (n=114) Pvalue
Procedural data
Initial success of PICC 87 (91.6) 96 (84.2) 0.108
Malposition & reinsertion 8 (8.4) 6 (5.3) 0.363
Procedure time (min) 32.3+19.9 37.6+20.8 0.076
Duration of using PICC (day) 80+20.1 102+32.4 0.112
Complication 5(5.3) 3(2.6) 0.473
CLABSI 3(3.2) 2(1.8) 0.661
Symptomatic PICC-related venous thrombosis 2 (2.1) 1(0.9) 0.179
Insertional injury 0 0 NS
Moderate or severe bleeding and hematoma 0 0 NS
Cause of removal 0.723
Unnecessary 58 (61.1) 77 (67.5)
Malfunction 22 (23.2) 21 (18.4)
Fever 9(9.5) 8 (7.0)
Self-removal 6(6.3) 8 (7.0)

Values are presented as number (%) or mean+standard deviation.

PICC, peripherally inserted central catheter; CLABSI, central line-associated bloodstream infection; NS, not significant with P>0.05.

sivists. We report multiple major findings in this study. First, there
were no significant differences in complications associated with
PICC insertion between the two groups. In addition, there were
no insertional injuries and severe bleeding in both groups. The in-
cidence rates of CLABSI and symptomatic PICC-related venous
thrombosis were low in patients with PICC. Second, the rate of
initial success and procedural time were similar between the two
groups. In addition, the procedure times of trainees decreased af-
ter three or four procedures. Third, PICC placement was per-
formed in patients with intrahospital transport risks due to me-
chanical ventilator or hemodynamic instability. Fourthly, difficult
venous access and requirement for central line infusion were the
most common reasons for PICC placement. Overall, we show
that ultrasound-guided PICC placement is a well-established pro-
cedure and easy to learn by an intensive care medical trainee.

Critically ill patients often need central venous access using ei-
ther a central venous catheter or PICC due to various reasons
such as parenteral nutrition, long-term antibiotic therapy, frequent
blood sampling, and difficult venous access [15,16]. PICC inser-
tion cannot lead to hemothorax, pneumothorax, clinically signifi-
cant bleeding, or hematoma, even in patients with coagulative dis-
orders or difficult neck anatomy. In addition, PICC placement has
a low risk for CRBSI compared to standard central venous cathe-
ters [ 1-5]. Therefore, PICC placement may be safe and useful in
critically ill patients [1,3].

In the past, PICC was only inserted by an interventional radiol-
ogist in the interventional radiology suite under fluoroscopic
guidance PICC placements have been also performed by inter-
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ventional radiologists [2,6,7]. As this procedure is performed in
the interventional radiology suite, critically ill patients should be
transferred from the ICU to the interventional radiology suite.
However, various complications may occur during intrahospital
transport of critically ill patients from the ICU to other locations
because of their respiratory failure or hemodynamic instability [ 8-
10]. In addition, it may be difficult for radiologists to perform the
PICC placement in the interventional radiology suite in a timely
manner due to other procedures that may be ongoing in the suite.
Therefore, ultrasound-guided PICC placement should be per-
formed at the bedside in critically ill patients.

Ultrasound for vein localization and the modified Seldinger
technique have been used for safe placement of PICCs at bedside
[16,17]; these techniques could allow trainees to place the PICC
easily and safely. In this study, ultrasound-guided PICC placement
performed by an intensive care medical trainee was feasible com-
pared to PICC placement performed by an intensivist. There
were no significant differences in the rate of initial success and
procedure times between the two groups. In addition, the inten-
sive care medical trainees were able to safely perform the PICC
placements. Additionally, the rates of PICC-related complications
were similar between the two groups. A recent study also revealed
that interventional radiologic placement of PICC is a well-estab-
lished procedure, easy to learn by residents, and has a small learn-
ing curve [18].

This study had several limitations. This study was a retrospec-
tive review of medical records. An intensivist determined the
placement of the PICC rather than following a protocol-based

https://doi.org/10.18700/jnc.190114
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plan [11]. Therefore, a selection bias may have affected the results
in this study. Additionally, there were no routine screening proce-
dures for central line-related venous thrombosis or pulmonary
thromboembolism. Finally, the statistical power of our study was
limited due to the small sample size. Although it still provides
valuable insight, prospective large-scale studies are needed to eval-
uate the safety and feasibility of ultrasound-guided PICC place-
ment by an intensive care medical trainee.

In conclusion, ultrasound-guided PICC placement by an inten-
sive care medical trainee may be safe and more feasible compared
to PICC placement by an intensivist. Therefore, ultrasound-guid-
ed PICC placement can be performed at the bedside by an inten-
sive care medical trainee for critically ill patients if intrahospital
transport is contraindicated.
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