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Abstract

Background: Malfunctions of totally implantable central venous ports (TICVPs) have become a problem, as the usage of TICVPs has
increased enormously.

Objectives: This study evaluated factors related with catheter malfunctions of TICVPs.

Patients and Methods: Between January 2010 and June 2012, 1,740 TICVPs in 1740 patients (874 men and 866 women) with an av-
erage age of 57.7 = 12.8 years (range: 15 - 91 years) were implanted by an interventional radiology team at our institute. Catheter
malfunctions were retrospectively analyzed. In the prospective study, we randomly allocated 176 patients to two kinds of TICVPs in
al:1assignment ratio. The primary outcome was the malfunction of TICVPs.

Results: In the retrospective study, the 32 malfunctioning TICVPs were caused by fibrin sheath formations (n =15), chamber throm-
bosis (n = 8), TICVP rotation (n = 5), catheter migration (n = 2), and blood clots within the catheters (n = 2). Multivariate analysis
showed that being female was a significant factor for poor patency rates of TICVPs (hazard ratio: 5.06; 95% confidence interval (CI)
1.32-19.46, P = 0.018). In the prospective study, two chamber thromboses occurred in Celsite® (n =1) and Humanport® (n =1). The
primary patency rates of both Celsite® and Humanport® were 98.9% at 6 months, respectively.

Conclusion: Our data suggest that catheter malfunctions of TICVPs are more common in females than males. The incidence of

TICVP malfunctions does not differ between the two devices (Celsite® vs. Humanport®).
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1. Background

The insertion of subcutaneous totally implantable cen-
tral venous ports (TICVPs) is a common procedure in
cancer patients requiring chemotherapy. The need for
a TICVP insertion has dramatically increased over the
last few decades in parallel with the various intravenous
chemotherapeutic agents used in cancer patients. Various
types of TICVPs are currently implanted by way of several
techniques and venous access by vascular surgeons, inter-
ventional radiologists, and oncologists (1-6).

Interventional radiologists mostly prefer the internal
jugular vein as a venous access site under ultrasonic and
fluoroscopic guidance (4-7). The ultrasound guided punc-
ture of veins and fluoroscopic positioning of the catheter
tip result in safe implantation procedures and a reduc-
tion in immediate complications that may include pneu-
mothorax, arterial puncture, and hematoma formation (4-
7). However, the malfunction of TICVPs (inability to infuse
and/or the regurgitation of fluid) is still an important fac-
tor that interrupts the use of the device (8). The reasons
for TICVP malfunctions include catheter thrombosis, fibrin
sheath formation around the catheter, kinking or migra-
tion of the catheter, and port rotation. However, factors in-
fluencing the malfunction of TICVPs have not been exten-

sively investigated.

2. Objectives

In this retrospective study, we aimed to retrospectively
analyze the incidences and causes of TICVP malfunctions
in1,740 patients. In the prospective study, we aimed to per-
form a prospective randomized trial for the comparison of
two devices available in Korea.

3. Patients and Methods

3.1. Study Populations

Between January 2010 and June 2012, 1740 TICVPs in
1740 patients (874 men and 866 women) with an average
age of 57.7 & 12.8 years (range: 15 - 91 years) received im-
plants by an interventional radiology team at our institute.
Demographic data and underlying diseases are shown in
Table 1. In all patients, TICVP placement was indicated for
the administration of intravenous chemotherapy. We used
two kinds of TICVP systems: Celsite® (9.6 Fr, B. Braun Medi-
cal, Boulogne, France) and Humanport® (8 Fr, Insung Med-
ical, Seoul, Korea). Institutional review board approval was
obtained for this study.
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Table 1. Summary of the Study Population®

Patient Characteristics

Retrospective Study (n=1,740)

Prospective Study (n=176)

Age, y (range)
Sex
Men
Women
Underlying disease
Colorectal cancer
Gastric cancer
Breast cancer
Lymphoma
Sarcoma
Pancreatic cancer
Ovarian cancer
Lung cancer
Cholangiocarcinoma
Cervical cancer
Other solid tumors
Access site
Right internal jugular vein
Left internal jugular vein
Port
Celsite

Humanport

57.7 (15 - 91) 57.0(20-79)
874(50.2) 93(52.8)
866 (48.8) 83(47.2)
892 (51.3) 93(52.8)
242(13.9) 12(6.8)
166 (9.5) 13(7.4)
163(9.4) 33(18.8)
53(3.0) 7(4)
45(2.6) 7(4)
39(2.2) 2(11)
31(1.8) 1(0.6)
23(13) 2(11)
14 (0.8) 2(11)
72(4.1) 4(23)

1,643 (94.4) 172(97.7)

97(5.6) 4(23)

864 (49.7) 87(49.4)

876 (50.3) 89 (50.6)

*Values are expressed as No. (%).

Between November 2012 and February 2013, 176 TICVPs
in176 patients (93 men and 83 women) with an average age
of 57.0 years (range: 20 -79 years) were implanted at our in-
stitute. We randomly assigned patients in a 1:1 ratio follow-
ing simple randomization procedures (computerized ran-
dom numbers) to two types of TICVP systems including Cel-
site® (9.6 Fr, B. Braun Medical) and Humanport® (8 Fr, In-
sung Medical) (Table 1). Exclusion criteria were as follows:
bacteremia; local infection at the port implantation site;
uncorrectable coagulopathy with a platelet count < 50/nL,
PTT < 50%, and INR > 1.5; and acute venous thrombosis or
chronic complete obstruction at the internal jugular vein
or superior vena cava. Demographic data and underlying
diseases are shown in Table 2. Institutional review board
approval was obtained for this study, and the trial was reg-
istered at ClinicalTrials.gov (NCT01733342).

3.2. Procedures

Written informed consent was obtained from each pa-
tient prior to performing the procedure. The clinician
determined the use of prophylactic antibiotics consider-
ing the patient’s general condition or absolute neutrophil
count. The common access route was the right internal
jugular vein in most patients. However, the left internal
jugular vein was chosen in selected patients who had un-
dergone a right mastectomy due to breast cancer or had
radiation therapy in the right chest area.

After a local infiltration of 1% lidocaine (Dong-A Phar-
maceutical, Korea, Seoul), the jugular vein was punctured
using a 21-gauge needle under ultrasound guidance and
a micropuncture introducer set (Cook, Bloomington, In-
diana) was advanced over a 0.018-inch guidewire. Then,
a 0.035-inch guidewire was exchanged into a 5-French in-
troducer set. Thereafter, the port reservoir pocket was cre-
ated in a subcutaneous layer of the anterior chest wall. The
port catheter was tunneled from the pocket to the punc-
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Table 2. Characteristics According to the TICVP Type®

Patient Retrospective Study Prospective Study
characteristics
Overall (n= Celsite (n=864) Human port (n PValue Overall (n=176) Celsite (n=87) Human port (n PValue
1,740) =876) =89)
Age,y 57.7+12.8 56.9 +12.9 58.7 +12.7 0.142 57.0 £ 12.7 56.2 £12.8 57.8 1127 0.41
Sex 0.000 0.45
Men 874 55(6.4) 811(92.6) 93 43(49) 50(56)
Women 866 809 (93.6) 65(7.4) 83 44 (51) 39 (44)
Access site 0.000 0.365
Right 1.643 786 (91.0) 857(97.8) 172 84(97) 88(99)
internal
jugular
vein
Left 97 78(9.0) 19 (2.2) 4 3(3) 1(1)
internal
jugular
vein
Operator 0.007 0.879
Professor 314 134 (15.5) 180 (20.5) 106 53(61) 53(60)
Fellow or 1.426 730 (84.5) 696 (79.5) 70 34(39) 36 (40)
resident

Abbreviation: TICVP, totally implantable central venous port.
*Values are expressed as No. (%) or mean = SD.

ture site. A peel-away sheath was inserted into the jugular
vein and the port catheter was introduced into the supe-
rior vena cava through a peel-away sheath. Under fluoro-
scopic guidance, the catheter tip was placed at the level of
the cavoatrial junction. The port was not fixed to the pec-
toralis muscle, and the skin incision was sutured using ny-
lon 3-0. A chest radiograph in the upright position was ob-
tained to rule out a pneumothorax.

In the retrospective study, operators freely selected the
type of TICVPs. Because men have tight subcutaneous tis-
sue and women have loose and abundant subcutaneous
tissue, most operators preferred the Humanport® in men,
which has a smaller chamber size, and Celsite® in women,
which has a larger chamber size. In the prospective study,
the two TICVPs were randomly assigned.

3.3. Management

The TICVP was used from either the day of implantation
or the next day. Before its use, patency of the TICVP was
checked by blood regurgitation and infusion of normal
saline without resistance. After its use, 10 ml of a diluted
heparin solution (Myengmun, Seoul, Korea) was flushed to
fill the port system. When the port was not used for more
than 2 weeks, the port was flushed with a diluted heparin
solution every 2 weeks.
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3.4. Evaluation of Patency

The deadline for data collection was October 2013. The
primary outcome measure was the malfunction of TICVPs.
The malfunction of a TICVP was identified when an infu-
sion of fluid was resisted or the bedside regurgitation of
blood was impossible. In this prospective study, we also
checked the function of the TICVP using fluoroscopic im-
ages with contrast injection at both 2 weeks and 6 months
after implantation to confirm the patency of the TICVPs.
When a malfunction of the TICVP developed, the clinician
referred the patient to the angiography suite. The func-
tion of the TICVP was checked under fluoroscopy by inject-
ing contrast media by one author (H.C.K.). The primary pa-
tency was defined as the duration of TICVP patency without
any intervention. When the TICVP was removed due to a
TICVP-related bloodstream infection without malfunction
of the TICVP, the patient was censored at the day of TICVP
removal.

The incidence of TICVP malfunctions was reported as
the rate per 1,000 catheter days. The catheter days index
was defined as the total number of days of exposure to
TICVPs by all patients.

3.5. Statistical Analysis

In the prospective study, the sample size was calculated
on the basis of the following assumptions. The main end-
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point for the comparison of the two types of TICVPs was
the percentage of patients with a malfunction within 6
months of insertion. According to previous studies (4, 5,
9,10), the incidence of malfunction ranged from 2% to 10%.
We postulated that 5% of patients would suffer from a mal-
function of Celsite® (B. Braun). We were also prepared
to say that Humanport® (Insung Medical) is significantly
worse if the incidence of malfunction of Humanport® was
10% higher than that of Celsite® (6). A5% significance level
was used with a power of 80% and a two-sided test. Under
these conditions, 74 patients were required in each group
and the drop-out rate would be 15%. Finally, the sample size
was increased to 176 patients (88 per group).

Fisher’s exact tests were used to evaluate the associa-
tion of access site, sex, TICVP, and operator. The primary
patency rates of TICVPs were obtained by the Kaplan-Meier
method and compared by the log-rank test. Multivariate
analysis was performed by the Cox proportional hazards
model. A p value < 0.05 was considered to indicate a statis-
tically significant difference, and statistical computer soft-
ware (SPSS 19.0; IBM Corp. Released 2010. IBM SPSS Statis-
tics for Windows, Version 19.0. Armonk, NY, USA) was used
for the statistical analyses.

4. Results

4.1. Retrospective Study

A total of 1,740 TICVPs, including Celsite® (n = 864,
49.7%) and Humanport® (n = 876, 50.3%), were implanted
from January 2010 to June 2012. Significant differences
in the distributions of sex, access site, and operator were
identified between the two groups (P < 0.05) (Table 2).

During the follow-up period, 59 patients were referred
to the angiography suite due to suspicious malfunctions
of TICVPs. The causes of the TICVP malfunctions included
fibrin sheath formation (n =15), chamber thrombosis (n =
8), TICVP rotation (n = 5), catheter migration (n = 2), blood
clot within the catheter (n =2), improper needling (n = 2),
and no demonstrable malfunction on fluoroscopic exami-
nation (n =25). In all, 32 (1.8%) patients had TICVP malfunc-
tions. The incidence of TICVP malfunction was 0.058 per
1,000 catheter days. These patients were treated by manual
rotation upside down (n = 5), fibrin sheath stripping (n=
7), thrombolysis by urokinase (n = 9), catheter tip reposi-
tioning (n=2), TICVPremoval (n=4),and vigorous flushing
of the TICVP (n =5). An upside down manual rotation was
performed in patients with TICVP rotation. Fibrin sheath
stripping was performed in patients with fibrin sheath for-
mation who did not want to remove the indwelling TICVP.
Thrombolysis was performed in patients with chamber

thrombosis or a blood clot within the catheter. Reposition-
ing of the catheter tip was performed in patients with a mi-
gration of the catheter by using a snare. The removal of
TICVPs was performed in patients with fibrin sheath for-
mation who did not mind the removal of the indwelling
TICVP and wanted an implantation of a new TICVP. Vigor-
ous flushing of the TICVP was performed in patients with
fibrin sheath formation or a blood clot within the catheter.
In patients with fibrin sheath formation, vigorous flush-
ing of the TICVP was initially tried, and fibrin sheath strip-
ping or removal of the TICVP and implantation of a new
TICVP was performed if vigorous flushing failed to restore
the function of the TICVP. Fibrin sheath stripping was suc-
cessful in all seven patients, and thrombolysis by uroki-
nase was successful in all nine patients.

Among the 32 patients with TICVP malfunctions, 22 had
Celsite® and 10 had Humanport® (Table 3). The 32 pa-
tients with TICVP malfunctions consisted of 23 women and
9 men. Of these, 28 TICVPs were inserted via the right inter-
nal jugular vein and 4 were implanted via the left internal
jugular vein. TICVP malfunctions occurred within 30 days
in 15 patients, and over 90 days in 11 patients (Table 4).

The primary patency rates of the Celsite® and Human-
port® groups were 97.7% and 99.0% at 6 months, respec-
tively (P = 0.105). Univariate analysis showed significant
differences for patency with sex (P=0.006) and TICVP type
(P=0.041). Multivariate analysis showed that being female
was a significant factor for having a poor TICVP patency
rate (P =0.018) (Table 5).

4.2. Prospective Study

A total of 176 TICVPs, including 87 Celsite® (49.4%) and
89 Humanport® (50.6%), were implanted in 176 patients
(Table 2). There were no procedure-related complications.
On the first regular follow-up, which was performed 2
weeks after implantation, all 176 patients were confirmed
to have TICVPs in good working order.

During 6 months of follow-up, four patients died due
to underlying diseases and nine patients were lost to
follow-up. In 16 patients, TICVPs were removed due to the
completion of chemotherapy (n = 14) and TICVP-related
bloodstream infections (n =2). The remaining 147 patients
had TICVPs with intact functions.

In two (1.1%) patients (1 with Celsite® and 1with Human-
port®), TICVP malfunctions caused by chamber throm-
boses occurred during the follow-up period. The incidence
of TICVP malfunctions was 0.068 per 1,000 catheter days.
Chamber thrombosis was treated by thrombolysis using
100,000 IU of urokinase and the TICVP function was re-
stored. The primary patency rates of both Celsite® and Hu-
manport® were 98.9% at 6 months, respectively. There was
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Table 3. Malfunctions Based on the Type of Device and Sex in the Retrospective Study

Type of Device Sex
Celsite (n=22) Humanport (n=10) Men (n=9) Women (n =23)
Fibrin sheath formation (n=15) 10 5 5 10
Chamber thrombosis (n = 8) 4 4 4 4
TICVP rotation (n =5) 5 (4] 0 5
Migration of catheter (n=2) 1 1 0 2
Blood clot within catheter (n=2) 2 0 o] 2

Abbreviation: TICVP, totally implantable central venous port.

Table 4. Time of Malfunction Based on the Type of Malfunction and Device in the Retrospective Study

Early (< 30 Days) Late (30 - 90 Days) Very late (> 90 Days)
Type of malfunction
Fibrin sheath formation (n=15) 4 4 7
Chamber thrombosis (n = 8) 5 0 3
TICVP rotation (n=5) 3 1 1
Migration of the catheter (n=2) 2 0 0
Blood clot within the catheter (n =2) 1 1 0
Device
Celsite (n=22) 10 4 8
Humanport (n=10) 5 2 3
Table 5. Univariate and Multivariate Analysis for Primary Patency Rate in the Retrospective Study
Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI PValue Hazard Ratio 95% CI PValue
Female 3.08 138, 6.86 0.006 5.06 1.32,19.46 0.018
Left internal jugular vein 235 0.82,6.68 0.108 - - -
Operator (fellow or resident) 123 0.53,2.86 0.619 - - -
Humanport 0.67 0.46,0.98 0.041 133 0.71,2.49 0374

Abbreviation: CI, confidence interval.

no significant factor related with TICVP malfunctions as de-
termined by univariate analysis.

5. Discussion

TICVP implantations have become tremendously pop-
ular, especially for the care of oncologic patients. The place-
ment of the TICVP itself is a relatively simple procedure.
However, the reported incidence and types of complica-
tions related to the implantation have been variable in the
literature. This may be partly attributed to the diversity in
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the access vessel (jugular vein, subclavian vein, and arm
vein), the implantation site (arm vs. chest), implantation
technique (surgical vs. radiological), and the TICVP devices
(8-15).

Complications related with TICVPs can be categorized
into procedural, infectious, and mechanical complica-
tions. Catheter malfunction, a type of mechanical compli-
cation, has the tendency to occur later, several weeks to
months after implantation of TICVPs. The reported inci-
dences of catheter malfunction range from 0% to 47% be-
cause the definition of a catheter malfunction is not uni-
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form (8). Yet, about half of them reported that catheter
malfunction rates were less than 3% (8). The catheter mal-
function rate in our retrospective study (1.8%) is compara-
ble with that reported in previous studies.

Catheter malfunctions may be caused by fibrin sheath
formation, thrombosis of the chamber and catheter, rota-
tion of the TICVPs, and catheter migration. Thus, the first
step in the management of a TICVP malfunction is to elu-
cidate the cause of the malfunction. Fibrin sheath forma-
tions were the most common cause (47%, 15 out of 32) of
catheter malfunction in our retrospective study. These are
known to manifest as a persistent withdrawal occlusion
despite having an intact injection of fluid. Endovascular
stripping using a snare device is commonly performed to
break down the fibrin sheath, but recurrence of the fibrin
sheath is also common (16-18). In our study, fibrin sheath
stripping was performed in 7 out of 15 patients with fibrin
sheath formations. Fibrin sheath stripping was preferred
early in the study period. However, we tried to reduce
catheter dysfunction by vigorous flushing of the TICVPs
later in the study period because we experienced some
cases of recurrent fibrin sheath formation even after per-
forming endovascular stripping. Furthermore, vigorous
flushing of the TICVPs was able to increase the infusion rate
high enough to receive chemotherapy. We speculate that
vigorous flushing may be able to form a crack in the fibrin
sheath resulting in an increased infusion rate.

Thrombosis within the chamber and catheter is also
a common cause of catheter malfunction. Thrombosis of
the chamber may be caused by a regurgitation of blood
into the chamber during chemotherapy. Additionally, if
the catheter tip is stuck in tributaries, such as the azy-
gos vein or the internal mammary vein, thrombosis of the
catheter may occur. If the TICVPis inserted via the left inter-
nal jugular vein, and the catheter is slightly retracted, the
end of catheter tip may be pressed against the lateral wall
of the superior vena cava causing occlusion of the catheter.
Thrombosis within the chamber and catheter can be re-
solved by thrombolysis using urokinase (5).

Rotation of the TICVPis an infrequent situation and fix-
ation of the reservoir port to the chest wall for prevention
of this complication is not routinely performed by many
radiologists. The incidence of rotation may increase if the
pocket is too large or if the subcutaneous fat tissue is very
loose. Rotation of the TICVP is easily diagnosed on fluo-
roscopy and can be simply managed by manually rotating
the reservoir port upside down.

In our institution, we prefer inserting Celsite® in fe-
male patients while using Humanport® in male patients
because the size of the reservoir port is larger in the Cel-
site®. As women commonly have loose subcutaneous fat
tissue, creating a large subcutaneous pocket is not diffi-

cult. Moreover, small TICVPs tend to rotate and may be dif-
ficult to palpate in women with abundant subcutaneous
fat tissue. In contrast, men commonly have dense subcuta-
neous tissue rendering the creation of a large pocket dif-
ficult. Thus, Celsite® and Humanport® were mostly im-
planted in women and men, respectively.

In our retrospective study, multivariate analysis
showed that malfunctions of TICVPs were commonly
associated with female patients. There are several expla-
nations for this; first, TICVP rotation only occurred in
female patients. Since women have loose subcutaneous
tissue, there would have been a greater chance for TICVPs
to rotate if an overly large pocket was created. Second, the
left internal jugular vein was chosen for venous access in
female patients who had received surgery for right breast
cancer. The TICVP catheter placed in the left internal jugu-
lar vein has a greater chance of being occluded because
the catheter can be wedged against the lateral wall of the
superior vena cava. However, this study failed to show
a statistically significant high incidence of malfunction
in TICVPs placed via the left internal jugular vein. Third,
catheter tip migration can be exaggerated in female pa-
tients with large breasts. In the upright position, large
breasts can sag considerably, which results in an upward
migration of the catheter tip.

In our prospective study, having a small study popula-
tion was the basic limitation, and TICVP malfunctions oc-
curred in only two patients. Thus, statistical analysis failed
to reveal significant factors influencing the incidence of
malfunctioning TICVPs.

There are several limitations in our study. First, we
cannot exclude the possibility of missing some complica-
tions since they were assessed based on medical records
or follow-up imaging. For instance, minimal tip occlu-
sion may have been resolved simply by meticulously flush-
ing saline at the bedside. Additionally, a small amount of
hematoma or minor wound dehiscence not requiring re-
vision could have occurred without us knowing. This may
have resulted in an underestimation of the total complica-
tion rate. Nevertheless, these complications are minor and
not of much clinical importance in terms of patient out-
comes or costs. Second, fibrin sheath formation was com-
mon in female patients in this study, but the exact reason
or postulation could notbe clarified. Third, we did not eval-
uate the type of malignancy, patients’ baseline conditions,
chemotherapy drugs, and the number of chemotherapy
cycles in the analysis of influencing factors on TICVP mal-
functions.

In conclusion, catheter malfunctions of TICVPs were
more common in female patients. The incidence of TICVP
malfunctions is not different between the two devices (Cel-
site® vs Humanport®) in this study.
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