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Purpose: To determine whether a peripherally inserted central catheter (PICC) meets 

the goals of a low infection rate and long-term use in trauma patients.

Methods: From January 2016 to June 2018, the medical records of patients who un-

derwent central venous catheterization at a level I trauma center were retrospectively 

reviewed. Data collected included age, sex, injury severity score, site of catheterization, 

place of catheterization (intensive care unit [ICU], emergency department, or general 

ward), type of catheter, length of hospital stay during catheterization, types of cultured 

bacteria, time to development of central line-associated bloodstream infection (CLABSI), 

and complications.

Results: During the study period, 333 central vein catheters (CVC) were inserted with 

a total of 2,626 catheter-days and 97 PICCs were placed with a total of 2,227 cathe-

ter-days. The CLABSI rate was significantly lower in the PICC group when the analysis 

was limited to patients for whom the catheter was changed for the first time in the ICU 

after CVC insertion in the ER with similar indication and catheter insertion times (18.6 

vs. 10.3/1,000 catheter-days, respectively, p<0.05). The median duration of catheter use 

was significantly longer in the PICC group than in the CVC group (16 vs. 6 days, respec-

tively, p<0.05). 

Conclusions: The study results showed that the duration of catheter use was longer and 

the infection rate were lower in the PICC group than in the CVC group, suggesting that 

PICC is a safe and reliable alternative to conventional CVC.

Keywords: Catheterization, peripheral; Central venous catheters; Catheter related 

infections; Trauma centers
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INTRODUCTION

Central venous catheter (CVC) plays a fundamental role 

in the acute setting of trauma patients, as it is a reliable 

intravenous route for the delivery of various therapeutic 

fluids, as well as for hemodynamic monitoring. However, 

CVC is associated with an increased risk of bloodstream 

infection [1,2], which may prolong the length of hospital 

stay and adversely affect patient morbidity and mortality 

[3,4]. A peripherally inserted central catheter (PICC) is a 

special type of CVC with insertion into a vein in the arm 

rather than in the neck or chest to avoid mechanical com-

plications that may occur during conventional CVC. In 

addition, PICC can be used for longer periods with lower 

risks of bloodstream infection than conventional CVC, 

so its use in the hospital setting has continued to increase 

over the past two decades [5-7]. On the other hand, the 

incidence of complications is higher with PICC than with 

CVC, although no significant difference in bloodstream 

infection rates has been reported [8,9]. Also, PICC may 

be a more appropriate method for outpatients than in-

patients [10], although there is no general consensus. 

Therefore, the present study aimed to compare the rate of 

bloodstream infections and duration of catheter use be-

tween conventional CVC and PICC to determine whether 

PICC meets the goals of a lower infection rate and long-

term use for trauma patients.

METHODS

The study protocol was approved by the Institutional 

Review Board (IRB) of Pusan National University Hos-

pital (Busan, Korea) (IRB approval no. H-1905-031-079). 

From January 2016 to June 2018, the medical records of 

trauma patients who underwent CVC or PICC at the Pu-

san National University Hospital, a level I trauma center, 

were retrospectively reviewed. The demographic and clin-

ical data collected included age, sex, injury severity score 

(ISS), site of catheterization, place of catheterization (i.e., 

intensive care unit [ICU], emergency department [ED], 

or general ward [GW]), type of catheter, length of hospi-

tal stay at the time of catheterization, duration of catheter 

use, type of cultured bacteria, time to development of 

central line-associated bloodstream infection (CLABSI), 

and complications.

A seven-French triple-lumen non-tunneled percutane-

ously inserted central catheter was used for CVC, while a 

five-French double-lumen percutaneously inserted cathe-

ter was used for PICC. CVC was performed by a resident 

of emergency medicine or an attending intensivist in the 

ED or ICU, while PICCs were inserted in the ICU or GW. 

The decision to use the subclavian vein or internal jug-

ular vein was determined based on the experience of the 

practitioner and the condition of the patient. PICCs were 

performed by the authors at the bedside using a micro-in-

troducer technique and portable ultrasound.

The location of the catheter tip was verified on plain 

chest X-rays after the procedure, while PICCs were per-

formed with monitoring of the ipsilateral and contra-

lateral sides of the internal jugular vein with ultrasound 

to prevent malposition during procedure. All CVCs and 

PICCs were disinfected once every 7 days for film dressing 

and once every 2 days for gauze dressing, and PICCs were 

flushed with normal saline every time fluid was replaced.

Analysis to compare bloodstream infection rates be-

tween CVCs and PICCs was limited to patients who ad-

hered to the CVC insertion bundle (maximal sterile bar-

rier precaution) Pusan National University Hospital (i.e., 

hand hygiene, wearing a cap, mask, sterile gown, sterile 

gloves, sterile full-body drape, 2% chlorhexidine as a dis-

infectant, and insertion after drying of the disinfectant). 

Cases of death or discharge after insertion of the CVC or 

PICC were excluded from analysis.

For patients with a positive blood culture, the catheter 

was removed and the cause of bacteremia was determined 

by catheter tip culture. The definition of CLABSI was in 

accordance with the recommendations of the National 

Healthcare Safety Network surveillance system [11]. The 

duration of catheter use was defined from the day of in-

sertion to the day of removal. The time to infection was 

calculated from the day of insertion to the day of a posi-

tive blood culture. The CLABSI rate was calculated as the 

CLABSI event divided by the total days of catheter use, 

multiplied by a thousand.

Statistical analysis
All statistical analyses were conducted using IBM SPSS 
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Statistics for Windows, version 21.0 (IBM Corporation, 

Armonk, NY, USA). The means of continuous variables 

were compared using Student’s t-test, while the medians 

were compared using the nonparametric Mann-Whitney 

U-test. Fisher’s exact test was used to compare the infec-

tion rates according to the place of insertion and the z-test 

was used to compare CLABSI rates. A probability p-value 

of <0.05 was considered statistically significant.

RESULTS

A total of 1,383 catheters were inserted in the present 

study. Of these, 111 cases of central catheterization for he-

modialysis were excluded from analysis. For the remain-

ing patients, 531 catheters were inserted in accordance 

with the maximal sterile barrier precaution, of which 101 

patients died or were discharged from the hospital with-

out catheter removal. A total of 430 catheters were insert-

ed and removed in Pusan National University Hospital 

Level Trauma Center, which consisted of 333 CVCs and 

97 PICCs.

The demographic characteristics of the two groups are 

presented in Table 1. There were no significant differences 

in age, sex, ISS, or median time from catheterization to 

infection between the two groups. However, there were 

significant differences in the median length of hospital 

stay at the time of insertion between the CVC and PICC 

groups (5.7±11.1 vs. 12.9±13.8 days, respectively, p<0.05) 

and the median duration of catheter use (7 vs. 20 days, 

respectively, p<0.05).

During the study period, there were 333 CVCs (sub-

clavian, 316; internal jugular, 17) with a total of 2,626 

catheter-days (subclavian, 2,508; internal jugular, 118). Of 

these, 168 were performed in the ED and 148 in the ICU. 

The mean and median durations of CVC were 7.9±5.8 and 

7.0 days, respectively.

In the CVC group, CLABSIs included Enterococcus fae-

calis (n=4), coagulase-negative staphylococci (n=4), Staph-

ylococcus aureus (n=4), Clostridium celerecrescens (n=2), 

and other Gram-negative bacteria (n=10). In the CVC 

group, the CLABSI rate was 9.1/1,000 catheter-days (sub-

clavian vein, 9.1/1,000; internal jugular vein, 8.4/1,000).

A total of 97 PICCs were inserted during the study pe-

riod, with a total of 2,227 catheter-days. Of these, 90 were 

performed in the ICU and seven in the GW. The mean 

and median durations of PICC utilization were 23±17.4 

and 20 days, respectively. In the PICC group, CLABSIs 

included Enterococcus faecium (n=1), coagulase-negative 

staphylococci (n=4), S. aureus (n=1), Corynebacterium 

species (n=3), and other Gram-negative bacteria (n=4). 

The CLABSI rate in the PICC group was 5.8/1,000 cathe-

ter-days.

The overall CLABSI rate was higher in the PICC group 

than in the CVC group (13.4% vs. 7.2%, respectively, 

p<0.05). Although this difference was not statistically 

significant, the CLABSI rate was lower in the PICC group 

than in the CVC group when converting the weighted 

CLABSI rate to catheter-days (5.8 vs. CVC: 9.1/1,000 

catheter-days, respectively, p=0.19). However, the CLAB-

SI rate was significantly lower in the PICC group when 

the analysis was limited to patients for whom the cathe-

ter was changed for the first time in the ICU after CVC 

insertion in the ER with similar indication and catheter 

Table 1. Demographic and clinical characteristics according to type of catheter

Demographic/clinical characteristic CVC (n=333)     PICC (n=97) p-value

Age 55.30±17.38 55.64±19.47 0.88

Sex, male 253 (75.9) 77 (79.3) 0.51

Length of hospital stay at catheterization (days) 1 (1–119) 8 (2–77) <0.05

Duration of catheter use (days) 7 (1–38) 20 (1–116) <0.05

Time from catheterization to infection (days) 7 (2–33) 13 (3–31) 0.11

ISS 28 (4–57) 26 (5–57) 0.56

Values are presented as mean±standard diviation, number (%), or median (range).
CVC: central venous catheter, PICC: peripherally inserted central catheter, ISS: injury severity score.
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insertion times (10.3 vs. 18.6/1,000 catheter-days, respec-

tively, p<0.05; Table 2). The median length of hospital 

stay at catheterization was 9 days (2–27) for PICC group 

and 6 days (1–23) for CVC group. The median duration 

of catheter use was significantly longer in the PICC group 

than in the CVC group (16 vs. 6 days, respectively, p<0.05; 

Table 3). 

Although there was no significant difference in the 

infection rate according to the place of insertion in the 

PICC group, in the CVC group, the infection rate was 

higher when catheterization was performed in the ICU 

rather than in the ED (Table 4). The occurrence of com-

plications, other than CLABSIs, according to the type of 

catheter is shown in Table 5. Catheter tip malposition 

rates were similar between the PICC and CVC groups. 

One (1.0%) case of symptomatic thrombosis in PICC 

group and three (0.9%) cases of pneumothorax in CVC 

group were noted. However, catheter dislodgement was 

greater in the PICC group than in the CVC group (12 

[12.4%] vs. 6 [1.8%], respectively). 

DISCUSSION

The CLABSI rate and duration of catheter use among 

trauma patients were compared between the CVC and 

PICC groups to determine whether PICC meets the 

goals of a lower infection rate and long-term use. CVC 

is a reliable intravenous route for the delivery of inotro-

pic drugs, hypertonic fluids, blood products, and total 

parenteral nutrition to acutely ill patients, as well as for 

hemodynamic monitoring and blood sampling. PICC is 

a special type of CVC that was first introduced by Hoshal 

[12] and has since been used increasingly in the hospital 

setting [13] due to the ease of insertion into the peripher-

al vein, greater patient satisfaction, and improved safety 

[14,15]. In addition, PICC is considered to be associated 

with a lower CLABSI rate than CVC. Yamaguchi et al. 

[16] reported a lower CLABSI rate with PICC than with 

CVC (4.2% vs. 1.4%, respectively, p<0.001) and overall 

infection risk (hazard ratio = 2.20; 95% confidence inter-

val=1.05–4.61; p=0.037). Also, Gunst et al. [17] reported 

a lower CLABSI rate with PICC than with CVC in the 

surgical ICU (2.2 vs. 6.0/1,000 catheter-days, respectively,  

p<0.05). However, it remains unclear whether PICC 

is beneficial for hospitalized patients, as several studies 

have reported that PICC is not superior to CVC due to 

the similarity in CLABSI rates (1.3–2.3 vs. 1.3–5.2/1,000 

catheter-days, respectively) [5,18,19] and the difference 

in the duration of catheter use between the PICC and 

Table 2. Difference of CLABSI rate according to the catheter type and comparison of catheter-related infection in patients of 
whom the catheter was changed for the first time in the ICU after CVC insertion in the ED

Catheter type Infected catheters
CLABSI rate

(cases/1,000 catheter-days)
p-value (vs. the CVC group)

CVC → CVC (n=59) 9 (15.3) 18.6/1,000 <0.05

CVC → PICC (n=32) 7 (21.9) 10.3/1,000

Values are presented as number (%).
CLABSI: central line-associated bloodstream infection, ICU: intensive care unit, CVC: central venous catheter, ED: emergency department, PICC: peripherally 
inserted central catheter.

Table 3. Comparison of the duration of catheter use with or without CLABSI, and comparison of the duration of catheter use 
among patients of whom the catheter was changed for the first time in the ICU after CVC insertion in the ED

Total patients (n=91) CVC→CVC (median, days) (n=58) CVC→PICC (median, days) (n=33) p-value

CLABSIs 6 (3–9) 16 (9–46) <0.05

No CLABSIs 8 (2–30) 18 (3–116) <0.05

CLABSI: central line-associated bloodstream infection, ICU: intensive care unit, CVC: central venous catheter, ED: emergency department, PICC: peripherally 
inserted central catheter.
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CVC groups (19–23 vs. 13–25 days, respectively) [5,17]. 

The discrepancies in the CLABSI rate and duration of 

catheter use among institutions is thought to be related to 

the catheter care bundle, the compliance to guidelines by 

medical staff, and the department where catheterization 

was performed.

In the present study, there was a difference in the 

CLABSI rate between the PICC and CVC groups (9.1 vs. 

5.8/1,000 catheter-days, respectively, p=0.19). Our results 

were somewhat higher than those in previous studies. 

Although the CLABSI rate was lower in the PICC group 

than in the CVC group, this difference was not statistical-

ly significant. However when the analysis was limited to 

patients for whom the catheter was changed for the first 

time in the ICU after CVC insertion in the ER with sim-

ilar indication and catheter insertion times, the CLABSI 

rate was significantly lower in the PICC group than in the  

CVC group (10.3 vs. 18.6/1,000 catheter-days, respectively,  

p<0.05). Additionally, the median duration of catheter 

use was significantly longer in the PICC group than in the 

CVC group (16 vs. 6 days, respectively, p<0.05). Accord-

ing to these results, the CLABSI rate was lower even with 

a longer duration of catheter use in the PICC group, sug-

gesting that PICC can be used safely in the ICU.

Although PICC is reported to be safe due to the lower 

infection rate, it is not superior to CVC because of the 

higher rate of complications, such as thrombosis [8]. In 

fact, the rate of symptomatic thrombosis with PICC is 

reportedly 1–25% [20] and is considered to be the most 

common complication of PICC. However, in this study, 

thrombosis occurred in only one patient (1.0%), which is 

a lower rate than those in previous studies, suggesting that 

PICC is sufficiently safe to replace CVC. Although not all 

patients were screened for thrombosis, this complication 

was diagnosed in symptomatic patients with the use of 

ultrasonography. However, 12 cases (12.4%) of dislodge-

ment due to movement of the patient and physical thera-

py occurred in the PICC group, demonstrating that such 

patients require close management. Pneumothorax 

occurred in three patients (0.9%) in the CVC group, similar 

to the rate reported in previous studies [21], and all such 

instances were treated by closed tube thoracostomy.

The risk of PICC-associated bloodstream infection is 

correlated with the length of hospital stay, ICU status, 

and number of catheter lumen [22]. Thus, although a 

difference in infection rates was expected according to the 

place of insertion, there was no difference between proce-

dures performed in the ICU vs. GW in patients with the 

PICC because of the small number of patients treated in 

the GW. However, there were differences between the ED 

and ICU in the CVC group. As a possible explanation for 

this difference, patients catheterized in the ICU were 

likely to be exposed to more infectious sources and the 

ICU hospitalization period was longer.

There were some limitations to this study that should 

be addressed. First, the results of this study should not be 

generalized among institutions, as this was a short-term 

study conducted in a single center. Although the cen-

tral catheterization bundle and the central catheter care 

bundle are similar among most institutions, the hospital 

characteristics may vary from one institution to another. 

Table 4. Correlations between the incidence of CLABSI and 
place of catheterization

CLABSIs No CLABSIs p-value

CVC ED 6 (3.5) 166 (96.5) <0.05

ICU 17 (10.6) 144 (89.4)

PICC ICU 12 (13.3) 78 (86.7) 1.00

GW 1 (14.3) 6 (85.7)

Values are presented as number (%).
CLABSI: central line-associated bloodstream infection, CVC: central 
venous catheter, ED: emergency department, ICU: intensive care unit, 
PICC: peripherally inserted central catheter, GW: general ward.

Table 5. Catheter-related adverse effects, other than CLABSI

Adverse effect CVC PICC

Catheter tip malposition* 15 (4.5) 3 (3.1)

Thrombosis 0 (0) 1 (1.0)

Insertion site leakage/rupture 4 (1.2) 2 (2.1)

Catheter dislodgement 6 (1.8) 12 (12.4)

Pneumothorax 3 (0.9) 0 (0)

Insertion site redness 5 (1.5) 1 (1.0)

Insertion site hematoma 1 (0.3) 0 (0)

Values are presented as number (%).
CLABSI: central line-associated bloodstream infection, CVC: central 
venous catheter, PICC: peripherally inserted central catheter.
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Nonetheless, similar results can be expected among insti-

tutions. Second, this was a retrospective study, which may 

lead to missing records of complications. The participants 

in this study were patients who adhered to the CVC inser-

tion bundle (maximal barrier precaution); thus, it was not 

possible to consider all complications. And the checklists 

of the CVC insertion bundle of Pusan National Univer-

sity Hospital cannot be trusted completely because they 

were documented as interpreted by the attending nurses, 

rather than the physician. Third, the number of lumen 

differed between the PICC and CVC groups. At Pusan 

National University Hospital Level Trauma Center, most 

CVCs are initially inserted in the ED, and resuscitation is 

performed in the ICU, and the CVCs that were inserted 

in the ED were removed. After that, the catheter was se-

lected according to the expected period of central venous 

catheter use and the number of central venous catheter 

lumens required. However, the condition of patients re-

quiring multi-lumen CVC was not considered to be more 

unstable than that of patients who received PICC. In the 

selection of PICC or CVC, the expected time period when 

the central venous line is considered necessary is more 

important. Rather, the patient’s condition may have been 

in an unstable state because in the PICC group, it was ex-

pected that the patient take longer to recover. Therefore, 

we do not think that there is a difference in CLABSI rate 

according to the patient’s condition. We believe that the 

CLABSI rate was higher in the CVC group than in the 

PICC group because of the greater instances of catheter 

hub manipulations. Therefore, studies comparing CVC 

and PICC of triple lumen are necessary. 

CONCLUSION

In conclusion, the CLABSI rate was lower and the dura-

tion of catheter use was greater in the PICC group than in 

the CVC group. Fatal complications associated with PICC 

rarely occurred. Therefore, we believe that PICC is a safe 

and reliable alternative to conventional CVC for long-

term maintenance via the central intravenous route in 

trauma patients.
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