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Abstract
Purpose Central venous catheters (CVCs) are widely used in acute myeloid leukemia (AML) patients. Complications asso-
ciated with CVCs are frequently encountered and contribute to morbidity and mortality. Prospective studies investigating 
and comparing complications of different types of CVCs in AML patients and their effects on the quality of life are limited.
Methods We conducted a prospective observational study and evaluated the complications associated with the use of CVCs 
in adult AML patients during induction chemotherapy and evaluated quality of life outcomes as reported by the patients 
during and after their hospitalization.
Results Fifty newly diagnosed patients with AML (median age, 59 years) who received intensive induction chemotherapy 
were enrolled in the study. Twenty-nine patients (58%) had a peripherally inserted central catheters (PICCs) placed and 
21 (42%) patients received a Hickmann tunneled central catheter (TCC). Three percent of cases developed catheter-related 
thrombosis in PICCs and no thrombosis in TCCs. Catheter-related bloodstream infection was diagnosed in 8% of patients. 
CVC occlusion occurred in 44 patients (88%). The total number of occlusion events was 128; 97% of patients with PICCs 
and 76% of patients with TCCs (p = 0.003). All patients reported that the use of CVC simplified their course of treatment. 
Most patients reported similar restrictions in activity associated with TCCs and PICCs.
Conclusion The present study demonstrates that thrombosis and catheter-related bloodstream infections remain important 
complications of CVCs in AML patients. Occlusion rates were higher with the use of PICCs and the use of CVCs impacted 
the quality of life.
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Introduction

Access to the venous system for the administration of chem-
otherapy, blood products, and fluids, and for obtaining blood 
for laboratory testing is essential for the treatment of patients 
with acute myeloid leukemia (AML). For these purposes, 
two different types of central venous catheters (CVCs) for 
AML therapy are in common clinical use; tunneled central 

catheters (TCCs) and peripherally inserted central catheters 
(PICCs) [1].

Each type of access has its own risks, advantages, and 
disadvantages [2]. The risk of extravasation with the use of 
CVCs is markedly reduced, which is particularly relevant for 
the administration of vesicant or irritating chemotherapeutic 
agents. PICCs are placed into small caliber veins in the mid-
arm or antecubital fossa, whereas TCCs are inserted into 
large central veins in the chest, which may result in more 
bleeding and hemothorax. One advantage of PICCs is that, 
in most cases, they can be easily and safely inserted and 
removed at the beside by the IV team, whereas TCC inser-
tion and removal are commonly performed by a surgeon 
or interventional radiologist to reduce the risk of vascular 
injury. Both CVC types are associated with risks of line 
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occlusion, venous thrombosis, line migration, and central 
line-associated bloodstream infections (CLABSIs) [3–5].

Most CVCs in AML patients are placed in the hospital at 
the time of AML diagnosis for use during initial induction 
chemotherapy. They also typically continue to be used in 
the outpatient setting after patients are discharged following 
initial induction chemotherapy. During this period, patients 
typically return to the hospital for blood work and continued 
leukemia treatment.

Patients’ experiences with CVCs, including impact on 
quality of life and daily activities in the hospital and at home 
following discharge, have received little research attention. 
Furthermore, studies investigating the complications among 
different catheter types in AML patients are also limited and 
most have been retrospective [6–13].

In the current study, we prospectively evaluated com-
plications associated with the use of CVCs in adult AML 
patients during induction chemotherapy and evaluated qual-
ity of life outcomes as reported by the patients during and 
after their hospitalization.

Methods

Study design

We conducted a prospective observational study involv-
ing newly diagnosed AML patients who received inten-
sive induction chemotherapy via CVCs. Inclusion criteria 
included age > 18 years, new diagnosis of AML according 
to the World Health Organization [14], and placement of 
a PICC or TCC. The type of CVC placed, PICC, or TCC, 
was based on the attendings’ and patients’ preferences. 
Patients with a diagnosis of acute promyelocytic leukemia 
were excluded from the study. Patients were followed up 
for 90 days after discharge from the hospital. The proto-
col was reviewed by the University of Pittsburgh Institu-
tional Review Board and approved according to institutional 
guidelines. Written informed consent was obtained from all 
participants.

Central venous catheters

All CVCs were inserted according to institutional protocols 
by interventional radiologists or a specialized IV nursing 
team using maximal barrier precautions. Prior to the use of 
CVCs, placement was confirmed by chest radiograph. The 
National Healthcare Safety Network surveillance definition 
of CVS central line-associated bloodstream infection (CVS-
CLABSI) was used [15]. Exit-site infection was defined as 
the presence of documented tenderness, erythema, or puru-
lent drainage at the catheter exit site, without concomitant 
bloodstream infection. Evaluation for exit-site infection was 

performed daily. CVC occlusion was defined as the use of 
tissue plasminogen activator (tPA) to restore the patency 
of the catheter at least once during the course of the study 
period. Malposition was defined as CVC requiring readjust-
ment or removal and re-insertion to reposition the CVC tip.

Quality of life

A quality of life questionnaire regarding patient-reported 
experience with CVCs was specifically developed for this 
study. These questionnaires were given to the patients in 
the hospital 2 weeks after the CVC was placed and again 
90 days after discharge. Questions regarding discomfort, 
feelings of anxiety, and restrictions in patient activities were 
included. Patients chose their level of agreement to each 
question from five options: (1) not at all; (2) a little bit; (3) 
somewhat; (4) quite a bit; (5) very much. Figure 1 lists the 
questions included in the questionnaire.

Statistical analysis

Demographic, clinical, and laboratory characteristics and 
response to induction therapy were collected. Quantitative 
data were described using mean, median, and range. Cate-
gorical data were described by frequencies and percentages. 
Questionnaire results and differences in CVC complications 
during the follow-up period were compared by Wilcoxon 
rank sum tests. Exact (Clopper-Pearson) 95% confidence 
intervals were determined for estimates of proportions. 
Wald-type confidence intervals were calculated for estimates 
of means.

Results

Patient characteristics

A total of 50 consecutive patients newly diagnosed with 
AML who received intensive induction chemotherapy at our 
institution were enrolled in the study. Chemotherapy infu-
sions were administered through the CVC in all patients. 
The median age was 59 years (range 23–72 years). Patient 
demographics, baseline characteristics, and chemotherapy 
administered are presented in Table 1. Complete remis-
sion (CR) was achieved in 40 patients (80%) after induc-
tion chemotherapy (Table 1). The median length of hos-
pitalization during induction therapy was 32 days (range 
23–110 days).

CVC in AML patients

Twenty-nine patients (58%) had a PICC inserted, of 
which 28 were placed by the IV team at the bedside and 
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one by the interventional radiology team. Twenty of 
the PICCs were inserted into the left upper extremity 
(basilic vein, cephalic vein). Twenty-one (42%) patients 
received a Hickmann TCC, of which all were placed by 
the interventional radiology team. All TCCs were placed 
in the right internal jugular vein. The demographic char-
acteristics, WBC counts, platelet counts, blast percent-
age, and coagulation parameters at AML diagnosis did 
not statistically differ between the two CVC groups 
(Table 1). Malposition occurred in two PICC insertion 
cases and exit site infection occurred in two TCC inser-
tion cases (Table 2). One TCC was removed on day 9 
after placement due to the exit site infection and two 
TCCs were removed due to malfunction 51 and 121 days 
after placement.

CVC occlusion

CVC occlusion occurred in 44 patients (88%); the total 
number of occlusion events was 128, median 3 (range 
0–10). Twenty-eight patients (97%) with PICCs and 16 

patients (76%) with TCCs developed CVC occlusion 
(p = 0.003). Tissue plasminogen activator (tPA) to lyse 
the occluded CVC was administered 95 times in PICCs 
and 33 times in TCCs.

CVC‑related thrombosis

Catheter-related thrombosis developed in 3 patients 
(10%) after PICC placement 2 days, 18 days, and 59 days, 
respectively. All thrombosis events were confirmed by 
Doppler ultrasonography and were classified as super-
ficial vein thrombophlebitis occurring in the ipsilateral 
site of insertions. No prophylactic anticoagulation was 
routinely administered in any of the enrolled patients. 
Platelet count at the time of thrombosis was 24,000/
μL, 47,000/μL, and 52,000/μL in the 3 patients, respec-
tively. No lines were removed due to the superficial vein 
thrombophlebitis since they remained functioning and no 
patients were managed with systemic anticoagulation. No 
pulmonary embolism was diagnosed in these 3 patients. 
No catheter-related thrombosis was associated with the 
TCC catheters.

1. Do you worry about damaging your line?

2. Does your line remind you of your illness or treatment?

3. Are you satisfied with your line cosmetically?

4. Are your leisure activities hindered because of the line?

5. Does your line interfere with exercise?

6. Does your line interfere with bathing?

7. Does your line interfere with showering?

8. Does your line interfere with dressing?

9. Does your line interfere with sleeping?

10. Does your line interfere with lying in bed?

11. How difficult is it to take care of your line?

12. How much has the line simplified your treatments?

13. How often do you think about your line?

2 weeks after CVCs placed

TCC PICC

90 days after discharge 

TCC PICC

*p=0.03

*p=0.04

*p=0.03

Fig. 1  Patient-reported experience and activity with CVCs. Mean 
scores of questionnaires given to the patients in the hospital 2 weeks 
after the CVC was placed and 90 days after discharge. Results were 

compared with Wilcoxon rank sum tests. TCC, tunneled central cath-
eter; PICC, peripherally inserted central catheter 
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CVC‑related bloodstream infection

Catheter-related bloodstream infections (CR-BSI) occurred 
in 4 (8%) patients; 2 patients who had a PICC and 2 patients 
who had a TCC. Pathogens related to the CR-BSI were 
Staphylococcus haemolyticus, Staphylococcus epidermidis, 
Staphylococcus aureus, and Streptococcus mitis. Lines were 
removed due to CR-BSI in 2 cases (50%) due to persistent 
bacteremia, and the other 2 cases had clearance of blood 
cultures with antibiotic therapy.

Patient‑reported experience and activity with CVCs

All patients reported that the use of CVC simplified their 
course of treatment. Regardless of the type of CVCs, most 
patients reported restrictions in activity associated with 
them as shown in Fig. 1. Overall, there were few statistically 

significant differences in quality of life issues between the 
groups of patients with TCCs and PICCs (Fig. 1). The use 
of PICCs interfered more with dressing (p = 0.03) and with 
lying in bed (p = 0.04) compared with the use of TCCs 
reported 2 weeks after line placement. At 90 days after dis-
charge, the use of TCCs interfered more with showering 
(p = 0.03) compared with the use of PICCs (Fig. 1).

Patient‑reported pain and discomfort with CVCs

Pain and discomfort scores (range 1–10) reported by patient 
groups with TCCs and PICCs did not differ. Forty percent 
of patients reported pain related with their PICC at 2 weeks 
and 36% of patients at 90 days after discharge. The mean 
pain score reported with PICCs at 2 weeks was 1.2 (range 
1–7) and 1.4 (range 1–6) at 90 days. Thirty-one percent of 
patients reported pain related with their TCC at 2 weeks and 

Table 1  Patients’ characteristics

PICC, peripherally inserted central catheter; TCC , tunneled central catheter; Pts, patients; CR, complete remission. Means are accompanied by 
95% confidence intervals. Counts are printed with proportions and exact binomial or multinomial confidence intervals

Characteristic PICC
n = 29

TCC 
n = 21

All
n = 50

Age 55.4 years (50.2, 60.5) 54.6 years (49.5, 59.8) 55.1 years (51.5, 58.6)
Gender

  Male 15 [0.52 (0.33, 0.71)] 12 [0.57 (0.34, 0.76)] 27 [0.54 (0.39, 0.68)]
  Female 14 [0.48 (0.29, 0.67)] 9 [0.43 (0.22, 0.66)] 23 [0.46 (0.32, 0.61)]

Cytogenetic Risk
  Unfavorable 6 [0.17 (0.06, 0.39)] 10 [0.33 (0.15, 0.60)] 16 [0.24 (0.12, 0.41)]
  Intermediate 18 [0.62 (0.40, 0.80)] 4 [0.19 (0.06, 0.46)] 22 [0.44 (0.28, 0.61)]
  Favorable 5 [0.21 (0.08, 0.43)] 7 [0.48 (0.06, 0.490)] 12 [0.32 (0.19, 0.49)]

WBC count ×  109/L 37.3 (15.7, 58.8) 29.2 (11.4, 47.0) 33.9 (19.7, 48.0)
% blasts in bone marrow 33.4 (19.9, 46.8) 32.7 (19.9, 45.5) 33.1 (23.9, 42.3)
Platelet count at the time of CVC insertion ×  109 /L 72.0 (54.4, 89.7) 92.6 (58.1, 127.1) 80.7 (63.4, 97.9)
Creatinine at the time of CVC insertion (mg/dL) 0.87 (0.73, 1.00) 0.79 (0.68, 0.88) 0.83 (0.74, 0.92)
INR at the time of CVC insertion 1.21 (1.14, 1.28) 1.29 (1.19, 1.39) 1.24 ( 1.19, 1.30)
PT at the time of CVC insertion 15.0 (14.3, 15.7) 15.6 (15.0, 16.1) 15.2 (14.8, 15.7)
Fibrinogen at the time of CVC insertion 372.9 (324.2, 421.6) 401.6 (318.8, 484.4) 384.9 (341.8, 421.6)
CR after induction

  1 course 14 13 27 
  2 courses 8 2 10 
  3 courses 1 2 3

Table 2  Complications 
associated with CVC in AML 
patients

PICCs (n = 29) TCCs (n = 21) All (n = 50)

Malposition 2 (7%) 0 2 (4%)
Exit site infection 0 2 (10%) 2 (4%)
Catheter occlusion 28 (97%) 16 (76%) 44 (88%)
Catheter-related thrombosis 3 (10%) 0 3 (6%)
Catheter-related bloodstream infection 2 (7%) 2 (10%) 4 (8%)
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33% of patients at 90 days after discharge. The mean pain 
score reported with TCCs at 2 weeks was 0.8 (range 1–3) 
and 0.9 (range 1–4) at 90 days.

Fifty-two percent of patients reported discomfort related 
with their PICC at 2 weeks and 57% of patients at 90 days 
after discharge. The mean discomfort score reported with 
PICCs at 2 weeks was 1.7 (range 1–7) and 2 (range 1–6) at 
90 days. Fifty percent of patients reported discomfort related 
with their TCC at 2 weeks and 75% of patients at 90 days 
after discharge. The mean discomfort score reported with 
TCCs at 2 weeks was 1.3 (range 1–5) and 1.7 (range 1–4) 
at 90 days.

Discussion

Placement of a CVC is clinically indicated in most AML 
patients who receive induction chemotherapy with curative 
intent. CVCs are used for the intravenous administration 
of antileukemic chemotherapy, parenteral nutrition, fluid 
therapy, blood products, medications, and blood sampling 
without repeated venipuncture. Despite these benefits, CVCs 
have considerable potential for serious complications. Early 
complications related to CVC placement include bleeding, 
cardiac arrhythmia, malposition, air embolism, pneumotho-
rax, and, rarely, injury to vessels or nerves. Late complica-
tions include infection, thrombosis, and catheter malfunction 
[1] [4, 5]. The reported rate of CRBSI in patients with cancer 
is 1.5 per 1000 CVCs/days [16, 17]. Lower infection rates 
were seen in patients with implanted catheters versus tun-
neled catheters and PICCs. The rates of symptomatic CVC-
related venous thrombosis have been reported in the range 
of 4–8% [18].

Various CVC types are currently available; however, there 
is insufficient evidence to routinely recommend a specific 
type of CVC [1, 18]. In addition, the decision about what 
type of CVC to place can depend on the patient’s wishes, 
provider, type of therapy administered, and institutional poli-
cies. Studies investigating the differences in complications 
among the different catheter types in AML patients are lim-
ited, most are retrospective, and there is no consensus on the 
preferred catheter to use.

In the current study, 3% of cases showed catheter-related 
thrombosis in PICCs and no thrombosis with the use of 
TCCs. Catheter-related bloodstream infection was diagnosed 
in 8% of patients. Furthermore, we encountered high rates 
of catheter occlusion requiring tPA, with PICC use resulting 
in a higher rate compared to the use of TCCs (p = 0.003).

Lim et al. conducted a retrospective study of compli-
cation rates for Hickman catheters (n = 64) versus PICCs 
(n = 84) in patients with AML undergoing induction chemo-
therapy, a cohort of patients similar to those in our study 
[9]. There were no significant differences in the rates of 

catheter-related thrombosis (3.2% for Hickman vs. 12.9% for 
PICCs, p = 0.55) or catheter-related bloodstream infections 
(4.8% for Hickman vs. 1% for PICCs, p = 0.48). In that study, 
PICCs were also associated with a significantly higher rate 
of catheter occlusion requiring alteplase compared to Hick-
man catheters (48.2% vs. 3.2%, p = 0.0001).

Refaei et al. evaluated the incidence of catheter-related 
thrombosis in 663 patients with acute leukemia; 72% of 
patients had AML and received PICC or centrally inserted 
catheters [11]. The number of patients who developed cath-
eter thrombosis with PICC use was higher. When the first 
catheter insertion was considered, the number of patients 
who developed thrombosis in PICC was 14.8% and 6.5% 
when centrally inserted. Khalil et al. evaluated 125 AML 
patients with PICCs, infusion port, or Hickmans. PICCs 
were associated with higher rates of thrombosis [8]. There 
was no significant difference in bloodstream infections 
across the different catheter types.

Picardi et al. conducted a randomized study of 93 AML 
patients treated with intensive chemotherapy who received 
a PICC (n = 46) or centrally inserted central catheter (CICC, 
n = 47) as a frontline intravascular device [19]. Catheter-
related venous thrombosis occurred in 4 patients in the PICC 
group and 12 patients in the CICC group (8.7% vs. 25%; 
p = 0.03). Using PICCs, the reduction in bloodstream infec-
tions and symptomatic venous thrombosis decreased mortal-
ity from catheter-related infection and venous thromboem-
bolism. In contrast, the CICC approach led to early catheter 
removal, mostly for difficult-to-treat infectious pathogens. 
The authors believed that these results which differed from 
the prior retrospective reports could be related to the specific 
procedures followed by implantation teams, to the trauma 
intrinsically associated with subclavian catheter insertion 
creating a more prothrombotic environment, or to a higher 
incidence of colonized microorganisms in the cervical tho-
racic area compared to the upper arm.

Johansson et al. reported on 43 adult patients with acute 
leukemia who were randomized to receive a double-lumen 
totally implantable subcutaneous port systems (PORT, 
n = 19) or a double-lumen central venous catheter (CVC, 
n = 24) [20]. An extensive subcutaneous hematoma devel-
oped in 5 of 17 patients with a PORT compared with none 
of the 20 patients with a CVC (p = 0.01). Following the fifth 
and last case of severe bleeding in the PORT group, recruit-
ment of patients was stopped. Occlusion of the CVC was 
noted on 14 occasions in seven patients and of the PORT on 
three occasions in three patients. There were more positive 
blood cultures in patients with a CVC than in those with a 
PORT.

Another aim of the present study was to evaluate the 
daily impact on life in relation to the use of CVCs. A ques-
tionnaire to assess patient impact of the CVC on daily 
activity was administered 2 weeks after line insertion in 
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the hospital, and 90 days after discharge. The most positive 
aspect regarding the use of PICCs or TCCs was avoiding 
the need for repeated peripheral venipunctures. Overall, a 
large number of patients reported restriction in everyday 
activity for both types of line placed. In addition, pain and 
discomfort related to the line were reported in more than 
half of the patients. Johansson et al. evaluated the use of 
double-lumen central venous catheter and double-lumen 
totally implantable subcutaneous port system (PORT) in 
acute leukemia patients [21]. More patients in the central 
venous catheter group stated that they thought having a 
central venous access device interfered when dressing or 
taking a shower compared with the PORT group. Thus, in 
addition to medical complications associated with CVCs, 
the potential advantages and disadvantages of CVCs from 
the patient’s perspective should also be considered in 
deciding which CVC should be placed.

A major strength of the present study is that all of the 
AML patients received induction chemotherapy, thus 
removing a potential substantial source of variability in 
outcomes. In addition, all data, including complications 
and outcomes, were prospectively collected. A limita-
tion of the study was that the decisions for type of line 
placed, PICC or TCC, were based on the attending’s and 
patients’ preferences and were not randomized. PICCs and 
TCCs were placed by highly trained and experienced inter-
ventional radiologists or a specialized IV nursing team. 
Although the experiences and training of these providers 
may differ somewhat, which could conceivably have con-
tributed to early complications, such differences reflect 
the reality of clinical practice in any hospital system. An 
innovative aspect of the current study was the inclusion of 
a questionnaire specifically exploring quality of life and 
line-related effects on the activity of the enrolled patients. 
The questions related to the use of the CVC need to be 
validated in a larger cohort but provide some insight on 
impacts to the quality of life and activity of AML patients.

In conclusion, the present prospective observational 
study demonstrated that thrombosis and catheter-related 
bloodstream infections remain important complications 
of CVCs. While the rate of thrombosis and catheter infec-
tion remained relatively low, the rate of occlusion requir-
ing thrombolysis was significantly higher with the use of 
PICC lines. Importantly, our study assessed the impact of 
CVCs on the quality of life in AML patients and activities 
of daily living. Overall, the present study showed simi-
lar impacts on quality of life on all but a few measures 
between the groups of patients with TCCs and PICCs.
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