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Abstract
Purpose  As a safe and reliable alternative to central venous catheters (CVCs), peripherally inserted central catheters (PICCs) 
are commonly used in clinical practice. However, the insertion of PICCs by nurse practitioners (NPs), especially in Japan, 
has not been reported extensively. Thus, we investigated the safety and efficiency of PICC insertions by NPs.
Methods  The participants were 1322 patients who underwent PICC insertion by NPs at Fujita Health University Hospital 
(FNPs). The basilic vein in the brachium was the preferred vein for insertion; the brachial vein was the alternative. Patients 
were monitored from the time of PICC insertion until its removal. Ultrasonography-guided puncture was used for all catheter 
insertions, and the catheter tip was replaced into the superior vena cava under fluoroscopic imaging with maximal sterile 
barrier precautions. The outcomes of the PICC insertions by the FNPs were evaluated retrospectively.
Results  Overall, 23 FNPs inserted a collective total of 1322 PICCs, which remained in place for a collective total of 23,619 
catheter days. The rate of successful PICC insertion was 99% (1310 patients). The median time taken for PICC insertion 
was 12 min (interquartile range, 10–15 min). Intraoperative complications occurred in two patients (0.2%). The confirmed 
incidence of central line–associated bloodstream infection was 3.4% (45 patients), and these infections occurred on 1.9 per 
1000 catheter days. The median duration of PICC placement was 15 days (range, 10–23 days).
Conclusion  PICC insertion by NPs is safe and a potential alternative to CVC insertion by surgeons.

Keywords  Catheter-related infections · Nurse practitioners · Peripheral catheterization · Surgeons · Working conditions

Introduction

Gastroenterological surgeons in Japan tend to work exces-
sively and their risk of burnout is high. In April 2019, the 
“Act on the Arrangement of Related Acts to Promote Work 
Style Reform” was implemented to reduce long working 
hours for all workers, including medical professionals [1]. To 
promote work-style reform and to reduce the burden on sur-
geons, task shifting is necessary. Nurse practitioners (NPs) 
play an essential role in resolving this issue; however, the 
implementation of NPs has been limited in Japan, compared 
with other countries. Oita University of Nursing and Health 
Sciences founded the master class of NPs in 2008, with the 
first NPs graduating in 2010 [2]. Fujita Health University 
initiated a clinical master’s degree course for NP develop-
ment in its graduate school in 2012 [3]. The Act on Public 
Health Nurses, Midwives, and Nurses was amended in 2015 
to include the requirement for nurses performing specified 
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medical interventions in accordance with procedure manu-
als (a type of instruction rendered by physicians) to receive 
training in specific interventions [4]. The establishment of 
this new system enabled trained nurses to perform specific 
medical interventions without always having to wait for a 
physician’s decision. Since then, both the demand for and 
the number of NPs have been increasing in Japan.

Central venous catheters (CVCs) are essential for paren-
tal nutrition, chemotherapy, perioperative management, and 
other procedures in patients with gastroenterological dis-
eases. As a safe and reliable alternative to CVCs, peripher-
ally inserted central catheters (PICCs) are used commonly 
by clinicians in daily practice [5–8]. PICCs are associated 
with fewer serious insertion-related complications, such as 
inadvertent arterial puncture and pneumothorax, and can be 
inserted faster and are more cost effective than CVCs [7–10]. 
Furthermore, with special training, nurses can insert PICCs 
safely. In fact, PICC insertion by nurses is common world-
wide [8, 11–14]; yet, there are few reports of PICC insertion 
by NPs, especially in the field of gastroenterological surgery 
in Japan. We conducted this study to investigate the safety 
of PICC insertion by NPs.

Methods

Patients

The eligible participants were 1554 consecutive patients 
who required central venous access, as CVC or PICC, at the 
Department of Surgery in Fujita Health University Hospital 
between January 2018 and December 2021. During the study 
period, PICCs and CVCs (including those in central venous 
ports) were inserted in 1424 and 130 patients, respectively. 
Of the 1424 patients with PICCs, 1322 were enrolled in this 
study, after the exclusion of 102 patients whose PICCs were 
placed by a physician. Informed consent for PICC insertion 
was obtained from all patients by the operators themselves 
under the supervision of physicians, based on the premise 
that they are responsible for all interventions that FNPs 
can perform. Informed consent for this study was obtained 
through an opt-out method.

Registration as a Fujita nurse practitioner (FNP)

To be eligible for enrolment in the Fujita NP (FNP) program, 
registered nurses must have ≥ 5 years of clinical experience 
and must obtain at least 55 academic credits and > 1410 h of 
clinical learnings in 2 years at Fujita Health University. In 
the first year, 39 credits and 690 h of lectures about physi-
cal assessment, pharmacology, and pathophysiology are 
required. In the second year, the requisites are 16 credits and 
720 h of bedside learning. To achieve bedside learning, the 

FNPs must pass the objective structured clinical examina-
tion (OSCE) at the end of the first year. Graduates will have 
acquired the following seven competencies as NPs in Japan: 
(1) advanced physical and environment assessment, (2) 
advanced clinical management, (3) expert clinical practice, 
(4) administration, (5) collaboration with other profession-
als, (6) consultation, and (7) ethical decision making [2, 4]. 
To be registered as an FNP, the following three credentials 
are necessary: (1) certification by this NP graduate course, 
(2) certification by the Japanese Organization of Nurse Prac-
titioner Faculties, and (3) expertise in 38 specified interven-
tions [15] grouped into 21 categories [16] defined by the 
Ministry of Health, Labour, and Welfare in Japan. Initially, 
two FNPs were assigned to our department and another FNP 
was assigned in April 2021. The junior FNPs rotated in our 
department for 1–3 months, in turns.

Selection of PICCs

Two different types of PICC are used depending on the pur-
pose. The Groshong® catheter (single lumen, 4 Fr, 60 cm, 
Becton, Dickinson, and Company; Franklin Lakes, NJ, the 
USA) is used mainly for parenteral nutrition and chemo-
therapy. This type of catheter is made of silicone to enhance 
biocompatibility and has a three-way valve to reduce blood 
reflux and clotting. Alternatively, the Power PICC® cath-
eter (Becton, Dickinson, and Company) is used primarily 
for perioperative management and venous access, including 
as the injection root for contrast media. This catheter has 
three types: a single lumen [4 Fr/55 cm], a double lumen [5 
Fr/55 cm], and a triple lumen [5 Fr/55 cm]). Moreover, it can 
allow the injection of contrast media for a contrast-enhanced 
CT scan at a maximum rate of 5 mL/s. Multiple lumen 
power PICC® catheters are selected for patients scheduled 
to undergo esophagectomy and hepatobiliary pancreatic 
surgery and for clinically ill patients requiring management 
such as transfusion, sedatives and catecholamines.

PICC insertion by FNPs

In the FNP program, the OSCE includes the skill test 
for PICC insertion using the PICC simulators (MW18, 
Kyoto Kagaku, Kyoto). To pass the OSCE, this procedure 
was practiced repeatedly by FNP students. Moreover, the 
instructor teaching PICC insertion should have the follow-
ing credentials: (1) certification by the Committee of the 
CVC at Fujita Health University Hospital, (2) ≥ 3 years of 
clinical experience as an FNP, and (3) ≥ 30 cases of suc-
cessful PICC insertion. The instructor should also be able 
to perform PICC insertion independently. FNP trainees can 
perform PICC insertion under the supervision of a physician 
or the PICC insertion instructor. If the operator fails twice to 
complete the insertion, the PICC insertion instructor or the 
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physician performs the procedure. After four failed attempts, 
the PICC is withdrawn. The basilic vein in the brachium is 
the preferred vein for insertion and the brachial vein is the 
alternative.

Procedure for PICC insertion by FNPs

Patients were monitored from the time of PICC insertion 
until its removal. Maximal sterile barrier precautions, with 
the use of a large sterile drape, surgical hand antisepsis, and 
a mask, cap, sterile gloves, and gown, were mandatory dur-
ing catheter insertions, according to the recommendations 
of the U.S. Centers for Disease Control and Prevention [17]. 
Ultrasonography-guided puncture using the Sonosite SII 
portable ultrasound machine (Fujifilm Co., Tokyo) with an 
HSL25x, 6–13-MHz linear transducer (Fujifilm Co.) was 
performed for all catheter insertions, as described in previ-
ous studies [18, 19] (Fig. 1). Briefly, after disinfection with 
2% chlorhexidine and the administration of local anesthesia 
(1% lidocaine), the site was punctured with real-time ultra-
sonographic guidance by positioning the ultrasonic probe in 
the short-axis direction relative to the vein. After the needle 
was inserted into the vein, the guidewire was introduced. 
Subsequently, the opening was expanded using a dilator. 
After removing the dilator component of the peel-away 

sheath, the PICC was introduced via the sheath. Next, the 
catheter tip was advanced into the superior vena cava at the 
level of the bifurcation of the trachea under fluoroscopic 
guidance (Fig. 1). All catheters were flushed routinely with 
10 mL of 0.9% sodium chloride every 3 days. No heparin 
products were used to flush or lock the PICC. Every 2 days, 
or earlier if clinically required, the nursing staff changed the 
dressing, cleaned the insertion site and catheter hub with 
an iodine solution, and changed the intravenous accessory 
tubing.

Measurements

To obtain data, we reviewed our department’s prospectively 
maintained database. The primary outcome of this single-
center retrospective analysis was the rate of successful PICC 
insertion. Secondary endpoints were clinicopathological 
characteristics and procedural outcomes, including the dura-
tion of the insertion procedure (PICC placement time), the 
rate of insertion-related complications, the rate of central 
line–associated bloodstream infection (CLABSI), and the 
duration of PICC placement. The puncture time was defined 
as the time from disinfection of the operative field to guide-
wire placement. The total PICC placement time was defined 
as the time from disinfection of the operative field to catheter 

Fig. 1   Representative findings 
in the investigation of peripher-
ally inserted central catheter 
(PICC) insertion by the Fujita 
nurse practitioners (FNPs). (A) 
The intraoperative finding of 
PICC insertion using ultrasound 
and fluorescent images. (B) 
Ultrasonographic image during 
venous puncture. The needle tip 
was identified by the short-axis 
method (black arrow). (C) 
Fluoroscopic image during 
catheter insertion. (D) The com-
pletion of PICC insertion
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fixation. CLABSI was defined as the presence of bacteremia 
or fungemia originating from the PICC, according to the 
definition established by the Centers for Disease Control 
and Prevention [17]. This includes a positive blood culture 
result from the catheter and/or the peripheral vein with clear 
evidence showing the catheter as the source, as well as clini-
cal symptoms of infection [17].

Statistical analyses
We used IBM SPSS Statistics 26 (IBM Corporation, 

Armonk, NY, USA) to perform all statistical analyses. To 
perform between-group comparisons, we used the χ2 test 
for categorical variables and the Mann–Whitney U test for 
continuous variables. The χ2 test was used for univariable 
analysis; factors with a P value of < 0.05 were then subjected 
to multivariable logistic regression. The median value was 
used to define the cutoff values for each factor during the 
univariable and multivariable analyses. Data were calculated 
as medians with interquartile ranges or as odds ratios (ORs) 
with 95% confidence intervals (CI) unless otherwise noted. 
Two-tailed P values of < 0.05 were considered significant.

Results

Annual trends in the insertion of central lines

Figure 2 illustrates the annual trends in the insertion of cen-
tral lines in our department. The number of PICC inser-
tions by FNPs increased yearly, from 261 in 2018, to 309 in 
2019, 326 in 2020, and 426 in 2021. The number of PICC 
insertions by physicians also increased gradually (16, 24, 28, 
and 34, respectively). In contrast, the total number of CVC 
insertions during this study period was 142 (71 directly in 

central veins and 71 through central venous ports) and this 
decreased gradually after 2019 (Fig. 2).

Outcomes of PICC insertion

PICC insertion was attempted by 23 FNPs: 4 FNP instructors 
and 19 FNP trainees, and was successful in 1310 (99%) of 
the 1322 patients. The rates of successful PICC insertion by 
instructors and trainees were 99% (in 1134 of 1141 patients) 
and 99% (in 143 of 144 patients), respectively. In contrast, 
the success rate when there was a need to switch from train-
ees to instructors was 89% (in 33 of 37 patients). There was 
no incidence of requirement to switch from an FNP to a 
physician. Only one puncture was required for 1107 (84%) 
patients, two punctures were required for 139 (10.5%), and 
three or more were required for 76 (6%). Table 1 summa-
rizes the backgrounds of the 1310 patients with successful 
PICC insertion by an FNP. The median age of the patients 
was 71 years (61–78 years), 896 patients had no history 
of PICC insertion, and 414 patients had undergone prior 
PICC insertion. The patients’ pathological conditions were 
malignant in 68% and benign in 32%. The purpose of PICC 
insertion was for parenteral nutrition in 685 patients (52%), 
for venous administration of medication in 362 (28%), for 
chemotherapy in 103 (8%), and for perioperative manage-
ment in 160 (12%). The median PICC insertion time was 
5 min (5–10 min) and the median time taken to place the 
PICC was 12 min (10–15 min; Table 1). The PICCs were 
inserted in the basilic vein in the brachium in 957 (73%) 
patients, in the brachial vein in 346 (26%), in the saphenous 
vein in 5 (0.4%), and in the cephalic vein in the brachium 
in 2 (0.15%).

Intraoperative complications occurred in two patients 
(0.15%; Table  1): one patient experienced upper limb 

Fig. 2   Annual trends in the 
insertions of central lines from 
2018 to 2021. CVC central 
venous catheters, FNP Fujita 
nurse practitioner, PICC periph-
erally inserted central catheter
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numbness while the dilator was being used, which resolved 
immediately after the removal of the dilator. In another 
patient, the catheter migrated into the azygos vein, but after 
removal of the PICC, no further event occurred. Among the 
12 patients in whom initial PICC insertion failed, instructors 
attempted subsequent insertion in 8 and trainees, in 4. The 
causes of failure were venous dilation as a result of obesity 
in one patient, thrombotic occlusion (the guide wire could 
not be passed) in three patients, stenosis in the central vein 
(failure to perform cannulation despite the successful pas-
sage of the guide wire) in four patients, and venous collapse 
as a result of hypovolemia in four patients (Table 2). In the 
four patients with hypovolemia, PICC insertions were suc-
cessful several days later, after the hypovolemia was cor-
rected. In the other eight patients, CVCs were inserted by 
physicians.

Outcomes after PICC insertion

The median duration of PICC placement was 15  days 
(10–23 days). The collective total number of catheter days 
was 23,619 (Table 3). The treatment via PICC was com-
pleted in 69% of patients, with a median duration of PICC 
placement of 16 days (10–23 days). PICCs were replaced in 
10% of the 1310 patients, among whom the median duration 
of PICC placement was 19 days (8–29 days). PICCs were 
removed accidentally in 276 patients (21%), but the most fre-
quent reason for removal was fever, in 206 patients (15.7%; 
Table 3). Catheter-related thrombosis was confirmed in 

Table 1   Clinical characteristics of the 1310 patients with successful 
peripherally inserted central catheters by the Fujita nurse practitioners

PICC peripherally inserted central catheters, FNP Fujita nurse prac-
titioner

Gender Male, n (%) 851 (65)

Female, n (%) 459 (35)
Age, median (interquartile range) 71 (61–78)
History of prior PICC insertion, n (%)
0 896 (68)
1 234 (18)
 ≥ 2 180 (14)
Primary diseases, n (%)
Malignant diseases 893 (68)
Upper gastrointestinal malignancies 431 (33)
Colorectal malignancies 189 (14)
Hepatobiliary-pancreatic malignancies 273 (21)
Benign diseases 417 (32)
Inflammatory bowel disease 17 (2)
Acute abdominal diseases 241 (18)
Other benign diseases 159 (12)
Use of anticoagulants, n (%) 188 (14)
Insertion purpose, n (%)
Parenteral nutrition 685 (52)
Venous access 362 (28)
Chemotherapy 103 (8)
Perioperative management 160(12)
PICC insertion time, min 5 (5–10)
Total PICC placement time, min 12 (10–15)
Inserted side, n (%)
Right 581 (44)
Left 729 (56)
PICC gauge, n (%)
4 French (single) 1039 (79)
5 French (double) 259 (20)
5 French (triple) 12 (1)
Catheter type, n (%)
Groshong (single) 813 (62)
Power PICC (single) 226 (16)
Power PICC (double) 259 (18)
Power PICC (triple) 12 (1)
Vein of PICC insertion, n (%)
Basilic vein in the brachium 957 (73)
Brachial vein 346 (26)
Saphenous vein 5 (0.4)
Cephalic vein in the brachium 2 (0.15)
Complications during catheterization, n (%) 2 (0.15)
Numbness 1
Catheter migration into the azygos vein 1

Table 2   Characteristics of the patients with failed peripherally 
inserted central catheters by the Fujita nurse practitioners (n = 12)

FNP Fujita nurse practitioner, PICC peripherally inserted central 
catheters

Number of punctures for PICC insertion

2 3
3 4
 ≥ 4 5
Operators
Instructors 8
Trainees 4
Trainees → Instructors 4
History of prior PICC insertion
0 6
1 3
 ≥ 2 3
Causes
Failure of venous dilation due to obesity 1
Thrombotic occlusion 3
Proximal venous stenosis 4
Venous collapse due to dehydration 4
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five patients (0.4%). CLABSI was confirmed in 45 patients 
(3.4%) and occurred on 1.9 per 1000 catheter days (Table 4). 
The duration of PICC placement was 15 (10–23) days for 
patients with CLABSI. Table 4 lists the causative microor-
ganisms in the 45 CLABSI cases. Staphylococcus species, 
including methicillin-resistant Staphylococcus epidermidis, 
methicillin-resistant Staphylococcus aureus, and methicillin-
sensitive S. aureus, were the most prevalent (45%). Fungi, 
including Candida albicans and Candida parapsilosis, were 
the second most prevalent (33%).

Risk factors for removal because of fever

To identify the risk factors for removal because of fever, 
we performed a univariable analysis of factors related to 
patients’ backgrounds and surgical procedures (Table 5). 
The univariable and multivariable analyses revealed that 
a history of prior PICC insertion (OR, 1.517; 95% CI, 
1.111–2.070; p = 0.009), the use of anticoagulants (OR, 
1.588; 95% CI, 1.079–2.336; p = 0.019), and the use of 
multi-lumen catheters were significant risk factors (OR, 
1.541; 95% CI, 1.089–2.179; p = 0.015; Table 5). On the 
other hand, to identify the surgical risk factors for CLABSI, 
we performed univariable and multivariable analyses of fac-
tors related to the patients’ backgrounds and surgical proce-
dures (Supplementary Table). The univariable and multivar-
iable analyses revealed that the use of multi-lumen catheters 
was the only significant risk factor for CLABSI (OR, 2.183; 
95% CI, 1.170–4.082; p = 0.023; Supplementary Table).

Discussion

This single-center retrospective study examined 1322 
patients who underwent PICC insertion, which failed in only 
12 (1%) during the observation period. The rate of success-
ful PICC insertion by 23 FNPs was very high (99%) dur-
ing the 4-year study period, and the rate of intraoperative 
complications was only 0.2%. The success rate was similar 
to those of previous reports (ranging from 92 to 99%) [8, 
11]. Therefore, our results suggest that PICC insertion by 
specially trained NPs is a safe, highly reproducible, and 
reliable procedure in Japan. Although PICCs were removed 
unexpectedly in 21% of the patients, the rate of treatment 
completion with PICC was 69%, and the median duration of 
PICC placement was 16 days. These outcomes suggest that 
the PICC fulfills its purpose. To the best of our knowledge, 
this is the first report of a large-scale study demonstrating 
the clinical efficacy of PICC insertion by NPs in the field of 
gastroenterological surgery in Japan.

Based on a report from the CVC committee of our insti-
tution (unpublished data), the complications were compa-
rable between PICCs and CVCs (1.4% [52/3661] vs. 1.6% 

Table 3   Outcomes of the Fujita nurse practitioner-led placement of 
peripherally inserted central catheters (n = 1310)

FNP Fujita nurse practitioner, PICC peripherally inserted central 
catheters, IQR interquartile range

n (%)

Duration of catheter placement 15 (10–23)
Catheter-days 23,619
Completion of therapy, n (%) 908 (69)
Insertion periods, median (IQR) 16 (10–23)
Prophylactic replacement, n (%) 126 (10)
Insertion periods, median (IQR) 19 (8–29)
Removal due to complications, n (%) 276 (21)
Insertion periods, median (IQR) 14 (8–21)
Reason for removal (n = 276), n (%)
Fever 206 (15.7)
Occlusion 19 (1.5)
Accidental removal 16 (1.2)
Self removal 12 (0.9)
Numbness 7 (0.5)
Catheter-related thrombosis 5 (0.4)
Edema 3 (0.2)
Catheter migration 2 (0.2)
Others 6 (0.5)

Table 4   Central line-associated bloodstream infection after the Fujita 
nurse practitioner-led placement of peripherally inserted central cath-
eters

CLABSI central line-associated bloodstream infection, FNP Fujita 
nurse practitioner, PICC peripherally inserted central catheters, 
MRSE Methicillin-resistant Staphylococcus epidermidis, MRSA 
Methicillin-resistant Staphylococcus aureus, MSSA Methicillin-sensi-
tive Staphylococcus aureus

CLABSI, n (%) 45 (3.4)

Incidence/1000 catheter-days 1.9
Positive catheter tip cultures (n = 45)
Causative microorganisms
Staphylococcus spices, n (%) 20 (45)
MRSE 11
MRSA 5
MSSA 4
Fungi, n (%) 15 (33)
Candida albicans 5
Candida parapsilosis 10
Other bacteria, n (%) 10 (22)
Enterococcus faecalis 2
Bacillus species 3
Pseudomonas aeruginosa 1
Acinetobacter species 2
Enterococcus faecium 1
Enterobacter aerogenes 1
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[47/2878], p = 0.484) during the same study period (from 
2018 to 2022, Supplementary Table 2). According to a pre-
vious RCT by Parienti et al., the incidences of mechanical 
complications were 2.1% (18/843), 1.4% (12/845), and 0.7% 
(6/844) in patients with a CVC inserted in the subclavian, 
jugular, and femoral veins, respectively [20]. Furthermore, 
the incidences of pneumothorax were 1.5%, 0.5%, and 0% 
in patients with a CVC inserted in the subclavian, jugular, 
and femoral veins, respectively [20]. In a recent prospec-
tive study by Adrian et al., the incidence of mechanical 
complications of CVC was 7.7% (978/12,677), of which 
0.4% were major complications including hemorrhage, 
cardiac arrythmia, arterial catheterization, pneumothorax, 
and persistent nerve injury [21]. Based on these findings, 
PICC insertion is comparable to the placement of a central 
venous line, or even safer, as it prevents major complica-
tions including pneumothorax. A recent study conducted by 
another team in our institution revealed that the success rate 
of PICC insertion was comparable between FNPs and physi-
cians (97% [1460/1505] vs. 96.1% [697/725], respectively; 
p = 0.72). Moreover, the complication rate of FNP-led PICC 
insertion was significantly lower than that of physician-led 
PICC insertion (1.5% vs. 5.1%, p < 0.001) [19]. Therefore, 
FNP-led PICC insertion can become an alternative to CVC 
insertion or physician-led PICC insertion in clinical settings.

Interestingly, the CLABSI rate in this study was 3.4%, 
occurring on 1.9 per 1000 catheter days. This finding is 
comparable to that in a previous study of all outcomes after 
PICC insertion by NPs in our hospital (including those in 
the department of medicine, the department of surgery, and 
the intensive care unit: a total of 23,088 PICCs), in which 
the CLABSI rate was 6.1% and CLABSI occurred on 2.99 
per 1000 catheter-days [22]. In previous prospective studies, 
the incidence of CLABSI after PICC insertion ranged from 
1.3% to 2.1% [23, 24], and CLABSI occurred on 0.95 to 2.5 

per 1000 catheter days [24–26]. In another study, however, 
CLABSI occurred at 0.47 to 6.6 per 1000 PICC days [27]. 
Therefore, the incidence of CLABSI in this study is compa-
rable to those of previous reports.

In this study, the operator, PICC insertion time, and PICC 
placement periods were not identified as risk factors for 
removal because of either fever or CLABSI, although the 
use of anticoagulants, the use of multi-lumen catheters, and 
a history of prior PICC insertion were identified as risk fac-
tors for removal because of fever, and only the use of multi-
lumen catheters was identified as a risk factor for CLABSI. 
Baxi et al. also documented that triple-lumen catheters were 
associated with an increased incidence of CLABSI [28]. 
These findings suggest that procedure-related factors do not 
necessarily increase the risk of CLABSI.

Although the use of PICCs entails a low risk for CLABSI, 
a previous meta-analysis showed that the overall incidence 
of PICC-related symptomatic venous thromboembolism was 
3.7% and that the risk was higher with PICCs than with 
CVCs [29]. However, the incidence of thrombosis in our 
study was very low, at 0.4%, which is superior to those in 
previous reports. We attribute this low rate to the relatively 
short duration of PICC placement (approximately 2 weeks 
in most patients), although we cannot deny the possibility of 
a thrombus that was not detected during routine follow-up 
or by appropriate modalities. Thus, we demonstrated that 
PICC insertion not only can be safely performed by NPs but 
also has a low risk for complications even after placement.

The insertion time of 12 min was comparable to the 
11 min reported in a previous study from our hospital [22]. 
Scimò et al. demonstrated that a well-trained nurse was 
able to insert a PICC within 10 min, with 73% of inser-
tions by nurses completed in < 10 min [11]. Therefore, the 
time required for PICC insertion appears to be approxi-
mately 10 min. Prior to performing the procedure, the FNPs 

Table 5   Risk factors for 
removal as a result of fever 
(n = 206/1310)

PICC peripherally inserted central catheters

Factors Univariable analysis p-value Multivariable analysis p-value
OR (95% CI) OR (95% CI)

Male (vs. Female) 1.113 (0.812–1.526) 0.525
Age ≥ 71 years 1.166 (0.864–1.570) 0.324
Prior PICC insertion 1.464 (1.075–1.992) 0.018 1.517 (1.111–2.070) 0.009
Benign (vs. Malignant) 1.167 (0.820–1.658) 0.406
Use of anticoagulants 1.618 (1.102–2.374) 0.017 1.588 (1.079–2.336) 0.019
parenteral nutrition (vs. the other) 1.079 (0.801–1.454) 0.649
Total PICC placement time ≤ 12 min 1.108 (0.823–1.492) 0.544
Left arm (vs. Right arm) 1.114 (0.826–1.501) 0.492
Multi-lumen (vs. single-lumen) 1.497 (1.063–2.110) 0.024 1.541 (1.089–2.179) 0.015
Basilic veins (vs. Non-basilic veins) 1.119 (0.822–1.524) 0.475
PICC placement period ≧15 days 1.087 (0.806–1.464) 0.596
Instructors (vs. Trainees) 1.143 (0.756–1.730) 0.514
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obtained informed consent from the patients, ordered the 
examinations associated with PICC insertion, prepared for 
the ultrasonographic examination, and gave instructions to 
nurses after PICC insertion. Even after the PICC insertion, 
FNPs also perform daily rounds to check the insertion site 
for any abnormalities after PICC placement and to remove 
that PICC if necessary. Our findings reinforce that PICC 
insertion by NPs can contribute greatly to reducing PICC-
related physical and psychological burden among surgeons. 
Moreover, NPs skilled in inserting PICCs could educate 
inexperienced trainees, residents, fellows, and other NPs, 
thereby also reducing the educational burden. Therefore, 
we believe that the active participation of FNPs in clinical 
practice will enable sufficient task shifting among medical 
professionals.

This study had several limitations. First, it had a retro-
spective, single-center, single-arm design and we did not 
directly compare the clinical efficacy of PICC insertion 
by FNPs with that of CVC insertion or PICC insertion by 
physicians. Although our results, based on extensive data 
(> 1000 patients), are reliable to an extent, various patient 
biases cannot be ignored. Further studies, including large-
scale, multicenter prospective investigations, are warranted 
to clarify the efficacy of PICC insertion by NPs. Second, our 
study period excluded the time before the first FNP assigned 
to our department achieved sufficient experience with PICC 
insertion. Therefore, the learning curve of inserting PICCs 
safely and quickly was not clarified. Third, with regard to 
task shifting, we did not investigate the time-saving effects 
or effects on alleviating the surgeon’s psychological bur-
den. It is important to continue establishing solid evidence 
that PICC insertion by NPs could become key in alleviat-
ing burnout among overworked surgeons. Fourth, although 
PICCs were removed from 206 patients (15.7%) because of 
fever, CLABSI was eventually diagnosed in only 45 (3.4%) 
patients, and we did not investigate the causes of fever in 
these patients. The causes of fever, including febrile neu-
tropenia after chemotherapy, postoperative intra-abdominal 
infectious complications, pneumonia, and urinary tract 
infections, were obvious in most patients; however, some 
patients may have been harboring microorganisms that were 
not detected in the blood and catheter, despite strong suspi-
cion of CLABSI. Therefore, the true incidence of CLABSI 
may be higher than that documented in this study. Fifth, the 
cost-effectiveness of PICC insertion by NPs was not evalu-
ated in this study. In Japan, the medical reimbursements for 
PICCs and CVCs covered by the Japanese national medical 
insurance are 7000 and 14,000 JPY, respectively. In contrast, 
the costs of CVCs and PICCs are as follows: CVC-single, 
1790 JPY; CVC-double/triple, 7210 JPY; PICC-single, 
13,400 JPY; and PICC-double/triple, 20,900 JPY. Therefore, 
hospitals incur higher costs for PICCs. However, Chen et al. 
and Pernar et al. have shown that PICCs are cost-effective 

as they can prevent bloodstream infection and thrombotic 
complications [30, 31]. Further investigation should be con-
ducted to validate the cost-effective benefit of PICCs.

In conclusion, PICCs can be inserted safely by NPs, and 
this practice could become an alternative to the insertion of 
CVCs by surgeons. In the future, we hope to reduce the bur-
den of gastroenterological surgeons by expanding the roles 
of NPs in the Japanese healthcare system.
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