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Risk Factors and Possible Mechanisms of Superior Vena Cava
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Objective: To identify the risk factors leading to catheter malfunction.
Background: Reliable venous access is crucial for cancer patients. Malfunc-
tion of intravenous ports may lead to discontinuation of treatment and repeated
interventions. We retrospectively reviewed the independent risk factors for
catheter malfunction among patients receiving intravenous port implantations.
Methods: A total of 1508 procedures were included from the calendar year
2006, and clinical data and chest plain films were analyzed. The patients were
followed-up until June 30, 2010. For patients still alive, the last outpatient
follow-up date was considered as the end point. For the remaining patients,
the date of death or discharge against advice was considered as the end points.
The risk factors for catheter malfunction were then evaluated.
Results: The intervention-free periods of the malfunction group and non-
malfunction group were 317 and 413 days, respectively. Statistical analyses
showed that the Nut-Catheter Angle was the only risk factor for catheter mal-
function (P = 0.001). A logistic model also confirmed that the Nut-Catheter
Angle was the only risk factor for catheter malfunction (P < 0.001). Valve tip
catheters were not advantageous with regard to catheter malfunction preven-
tion as compared to open tip catheters.
Conclusions: A smaller Nut-Catheter Angle had a greater risk for catheter
malfunction. Catheter impingement caused by inadequate pocket creation and
port implantation lead to compromised catheter lumen and difficulty flushing.
The possibility of retained blood and medications increased thin thrombotic
biofilm formation and medication precipitation. Catheter malfunctions can be
avoided by using proper surgical techniques and adequate maintenance.

(Ann Surg 2012;255:971–975)

R eliable venous access is crucial for cancer patients to allow them
to receive intravenous medication and nutrition therapy and to

take their blood samples. As a result, there have been a number of
attempts to develop implantable and reliable intravenous access over
the years. The technique of percutaneous central venous catheter
implantation was first described by Aubaniac in 1952.1 However,
this technique has an entry site and the risk of infection still exists.
Broviac et al2 and Hickmen et al3 tried to design a new device that
could be used for long-term venous access. Although the problem
of infection of the entry site was minimized by a subcutaneous cuff,
there was still a permanent tube out of the body requiring further
wound care leading to an inadequate quality of life for the patients.
Niederhuber et al4 introduced a totally implanted venous port system
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for patients with cancer in 1982, and intravenous ports have been
popular in clinical use ever since. However, catheter malfunction
and kinking have been encountered, prohibiting intravenous ports
from further use. If these clinical scenarios are ignored, potential
incidents such as chemotherapeutic agent leakage or disruption can
occur. The objective of this study was to identify the risk factors
leading to catheter malfunction, which may assist in the design of
effective preventive strategies to reduce the resulting medical costs
of not taking a proactive approach.

MATERIALS AND METHODS
Patient Selection

Patients who received intravenous port implantations or port-
associated reinterventions in the calendar year 2006 at Chang Gung
Memorial Hospital were included in this study. These patients were
followed up until June 30, 2010. For patients still alive, the last outpa-
tient follow-up date was considered as the end point. For the remaining
patients, the date of death or discharge against advice were considered
as the end points. Patients undergoing chemotherapy were followed
up every 2 weeks to check the ports, and patients not undergoing
chemotherapy were followed up every month.

Operation method, type of intravenous port, and operation find-
ings were retrospectively reviewed from medical records. Patients
who received intravenous port implantations via an inferior vena cava
route and those who did not receive chest plain films were excluded
from the study. In total, 1508 procedures were included in this study.

A PACS system (General Electric Co, CT,) was used to record
the Nut-Catheter Angle and distance in degrees and centimeters, re-
spectively. The Nut-Catheter Angle was defined as the angle between
the locking nut toward the ring center and proximal end of the out-
flow of the catheter, as shown in Figure 1A. As shown in the figure,
line A was defined as the central line of the locking nut toward the
ring center, line B the tangential direction of the proximal end of the
outflow of the catheter, and Nut-Catheter Angle the angle between
line A pointing toward the ring center and line B pointing away from
the nut. The carina is an obvious landmark that is easily seen on chest
plain films. The distance between the catheter tip and carina was
recorded in centimeters, a minus value indicating that the catheter tip
was seen below the carina, and vice versa, as indicated in Figure 1B.
Fluoroscopy can guide a catheter in the correct direction to achieve
an adequate tip position by recognizing anatomical landmarks. How-
ever, as there are precise marks in 1-cm intervals over the whole port
of a catheter, it can be placed accurately.

Devices and Their Use
Four different types of intravenous port are available in our

hospital: Arrow Fr. 8 (Arrow International, Inc, PA), Bard Fr. 8 and
Bard Fr. 6.6 (Bard Access System, Inc, UT), and Tyco Fr. 6 (Tyco
Healthcare Group, CT), all with single lumen access. All intravenous
ports were implanted via a superior vena cava (SVC) route. A right
side route was preferred because of the shorter catheter route needed
for implantation. Left-side vessels were utilized only under specific
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FIGURE 1. A, Definition of Nut Catheter Angle between the
locking nut and catheter (angle). B, Definition of catheter tip
location (location).

clinical scenarios, including patients who had previously received
right-side intravenous port removal, or who had received right modi-
fied radical mastectomy.

Implantation Method
Unsuccessful implantation was only found in 1 patient be-

cause of poor cooperation. The other patients received intravenous
ports via different vessels. Six different entry vessels were utilized,
including the internal jugular vein, external jugular vein, subclavian

vein, cephalic vein, thoracoacrominal vein, and axillary vein. The
former 2 were categorized as a non-subclavian route and the lat-
ter as a subclavian route. The vessel cut down method was used in
preference when performing catheter cannulation. After venostomy
had been performed, the distal end of the vessel was ligated and the
catheter was inserted via the incision to the SVC. If difficulties were
encountered during the blunt catheter implantation, a metallic guide
wire was used to establish an adequate catheter route before catheter
implantation. The catheter could then be slid over the wire to an ade-
quate position under fluoroscopy, and the wire could be removed after
catheter implantation. If the diameter of the vessel was too small to
insert a catheter, a modified puncture using the Seldinger technique
described by Coit and Turnbull5 was made to increase the success rate
of the cut-down approach. The subclavian puncture method was only
utilized when no cephalic vessels or any other entry vessels could be
identified.

Follow-Up and Surveillance
Withdrawal tests were performed to verify the function of the

intravenous ports. Anatomical catheter tip confirmation was obtained
from chest plain films with a posteroanterior view. The ideal catheter
location was set at the junction of the SVC and right atrium. In
addition, all patients who received intravenous port implantations
were advised to return to the outpatient department for function tests
and heparin-solution irrigation, to which a total of 1000 units were
diluted in 20 mL normal saline.

Statistic Analysis
Different vascular sites were compared. Categorical variables

were compared using ! 2 or Fisher exact tests. The t test was used
to compare continuous variables with normal distribution, and the
Wilcoxon rank sum test for continuous variables was not distributed
normally. A P value less than 0.05 was considered statistically sig-
nificant. All the analyses were performed using SAS, version 9 (SAS
Institute, Cary, NC).

RESULTS
A total of 44 procedures (26 men and 18 women) were per-

formed to resolve catheter malfunctions, compared to 1463 proce-
dures (860 men and 633 women) without malfunctions performed for
port implantation and revision.

The clinical presentations of the 44 catheter malfunctions are
listed in Table 1. Only 25 patients presented with straight malfunc-
tions, who were found to have difficulty with blood withdrawal and
normal saline irrigation. One of these 25 patients was retrospectively
identified to have a clotted catheter and tight stay suture on chest
plain film. The other 19 cases with complicated malfunctions of the

TABLE 1. Clinical presentation of intravenous malfunction

Port Type!

Gender
(M/F)

Arrow
Fr. 8.1

Bard
Fr. 8

Bard
Fr. 6.6

Tyco
Fr. 6

Malfunction only 13/12 5 12 7 1
Malfunction and kinking 4/3† 1 4 2
Malfunction and fracture 6/3 6 2 1
Malfunction and migration 2/0 2
Malfunction and infection 1/0 1

!Only Bard Fr. 8 intravenous port has a valve-tip catheter, other types of port had
open-tip catheter.

†One patient was found catheter tip impinged to lateral of SVC via left side route,
others were found port impinged to catheter at connecting site.
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TABLE 2. Characteristics for Patients With Malfunction of
Intravenous SVC Ports

Male Female Total

Procedure No. 26 18 44
Entry vessel

Subclavian route 4 3 7
Non-suclavian route 21 16 37

Age
Mean 59.0 57.8 58.5
Range 32#77 31#77 31#77

Port type
Arrow Fr. 8.1 6 6 12
Bard Fr. 8 10 11 20
Bard Fr. 6.6 1 11
Tyco Fr. 6 1

Nut-Catheter Angle
Mean 140$ 114$ 129$

Range 43$#174$ 39$#178$ 40$#178$

Distance between tip and
carina, cm
Mean %2.7 %2.7 %2.7
Range %8.9# 2.8 %6.3# %0.5 %8.9# 2.8

Intervention-free period
Mean 254 409 317
Range 0#933! 1#1110† 0#1110

!One patient was identified catheter malfunction immediately after implantation.
Reintervention was done at the same day and catheter kinking at connecting site was
identified. Catheter was adjusted and function was restored.

†One patient was found catheter malfunction at 1 day after operation. Reinterven-
tion was done at the same day and catheter kinking at connecting site was identified.
Catheter was adjusted and function was restored.

intravenous ports were found to have coexisting catheter kinking,
fracture, migration, and infection. Among 9 patients presenting with
malfunction and fracture, 4 were found to have pocket swelling after
normal saline irrigation, and the others were found to have difficulty
with blood withdrawal and irrigation. One of the 9 patients was found
to have a perforated hole over the catheter, and a thin membranous
biofilm was identified in the injection chamber.

The characteristics of the 44 patients with malfunctions of the
intravenous SVC ports are listed in Table 2. Most of them (37 of 44)
received SVC intravenous port implantation via the non-subclavian
route. The mean ages of the male and female patients were 59.0 and
57.8 years, respectively. Four different types of intravenous port were
utilized for implantation, and nearly half of the patients (20 of 44)
received a Bard Fr. 8 intravenous valve-tip port. The Nut-Catheter
Angles in male, female, and all patients were 140Ì, 114Ì, and 129Ì,
respectively. The mean distance between the tip and carina of all
patients was %2.7 cm (underneath the carina). The mean intervention-
free period was 317 days.

The characteristics of the remaining 1463 patients without in-
travenous SVC port malfunctions are listed in Table 3. This much
larger group was composed of those who did not receive reinterven-
tions and those who received interventions for reasons other than
catheter malfunctions. The majority of these patients (1237/1463)
received SVC intravenous port implantation via the non-subclavian
route. The mean ages of the male and female patients were 58.7 and
54.7 years, respectively. Four different types of intravenous port were
utilized for implantation, and 646 patients received Bard Fr. 8 intra-
venous valve-tip ports. The Nut-Catheter Angles in male, female, and
all patients were 149Ì, 154Ì, and 152Ì, respectively. The mean distance
between the tip and carina of all patients was %3.0 cm (underneath
the carina). The mean intervention-free period was 413 days. The
clinical data of these 2 groups of patients were analyzed, and we at-

TABLE 3. Clinical Data for Patient With SVC Intravenous Port
Without Malfunction

Male Female Total

Procedure no. 830 633 1463!

Entry vessel
Subclavian route 111 115 226
Non-suclavian route 719 518 1237

Age
Mean 58.7 54.7 57.0
Range 16#94 8#90 8#94

Port type
Arrow Fr. 8.1 233 179 412
Bard Fr. 8 344 302 646
Bard Fr. 6.6 251 144 395
Tyco Fr. 6 2 8 10

Nut-Catheter Angle
Mean 149$† 154$‡ 152$

Range 30$#180$ 83$#180$ 30$#180$

Distance between tip and
carina, cm
Mean 2.5† 3.5‡ 3.0
Range %10.6#3.8 %10.2#3.1 %10.6#3.8

Intervention-free period
Mean 311 547 414
Range 0#1831§ 2#1996 0#1996

!One patient was excluded because procedure was performed in other hospital.
†Twelve patients were excluded from the calculation. Six patients had no chest plain

film available after intravenous port implantation, and others found migrated catheter
in postoperative chest X-ray film.

‡Seven patients were excluded from calculation because there were no postopera-
tive chest plain film available.

§Two patients were identified with migrated catheter in postoperative chest plain
film.

tempted to identify the possible risk factors for malfunction and kink-
ing (Table 4). The Nut-Catheter Angle was the only significant risk
factor for the prediction of catheter malfunction (P = 0.001). Other
factors such as age, type of port, tip structure of the port, entry route,
and catheter tip location were not associated with catheter malfunc-
tion. In addition, 7 logistic models were utilized for further analysis
and the results are listed in Table 5. The Nut-Catheter Angle was con-
firmed to be the only risk factor for catheter malfunction (P < 0.001).
Furthermore, negative â-coefficient of %0.02 was found, indicating
that a sharper angle was associated with a greater risk of malfunction
(odds ratio = 0.98; 95% confidence interval = 0.97–0.99).

DISCUSSION
Catheter malfunctions prohibit further chemotherapy and

blood sampling in patients with cancer. Not only malfunction but also
other presentations may coexist with a malfunctioning intravenous
port. In our study, a malfunction port may be coexisted with kinking,
fracture, migration, or infection and all listed in Table 1. Teichgräber
et al6 reported that an occluded catheter may be related to catheter
thrombosis and fibrin sheath formation. In their study, a fibrin sheath
was found around the intravascular portion of a hemodialysis catheter
causing dysfunction. Catheter thrombosis may be caused by blood
components, medication precipitates, and silicone fragments.7 Mor-
phologic correlation of a fibrin sheath is a thrombotic coat containing
fibrin, progressing into vascularized, fibrous connective tissue.8 A
thin layer of clot first covers the catheter and disables aspiration of
blood through the central venous catheter, because it acts like a valve
at the catheter tip. If the fibrin sheath progresses, it can lead to an
increase of the pressure required for infusion finally leading to oc-
clusion. In addition, this mechanism also increases catheter-related
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infections and persistent bacteremia, as observed by Crummy et al.9

Four different approaches to resolving fibrin sheath formation overly-
ing the catheter were recommended by Teichgräber et al,6 including
mechanical disruption, over the wire exchange, fibrin sheath strip-
ping, and thrombolytic therapy. However, the most suitable treatment
for fibrin sheath formation around the central venous catheter is still
under debate.

For physicians, chest plain films provide crucial information of
an intravenous port, including catheter integrity, Nut-Catheter Angle,
and catheter tip location. In this study, a smaller Nut-Catheter Angle
was found to be a possible risk factor of catheter malfunction. A
smaller Nut-Catheter Angle causes a sharp catheter contour and me-
chanical compression of the catheter, possibly leading to the catheter
becoming compromised and presenting as intermittent back flow in
withdrawal tests. In addition, medication precipitation or retained
blood clots may occur leading to further occlusion of the catheter.
Scheduled maintenance may be insufficient to rescue compromised
catheters. From the results of this study, we suggest that clinicians
should focus on high-risk patients with smaller Nut-Catheter Angles.
The recommended algorithm for physician and surgeons is shown in
Figure 2.

However, it is worth noting that there are some differences
between a hemodialysis catheter and an intravenous port. For an

TABLE 4. Descriptive Statistics in Independent Variables
Between Malfunction and Nonmalfunction

Variables Malfunction Nonmalfunction P

Age 58.5 ± 12.4 57.0 ± 13.4 0.470
Angle 129 ± 45 152 ± 27 0.001
Patient gender 0.760

Female 18 633
Male 26 830

Port type (Brand) 0.660
Arrow Fr. 8.1 12 412
Bard Fr. 8 20 646
Bard Fr. 6.6 11 395
Tyco Fr. 6 1 10

Port type (Structure) 0.860
Valve tip port 20 646
Open tip port 24 817

Subclavian group 0.930
Subclavian 7 226
Non-subclavian 37 1237
Location %2.7 ± 2.2 %2.9 ± 2.4 0.560

Using t test for age, Nut-Catheter angle; !2 for port A type, subclavian group,
gender.

intravenous port, fibrin sheaths form not only around the intravenous
portion but also in the injection chamber. In this study, we identified
thin fibrin thrombotic biofilm formation in the injection chamber of
a dysfunctional port. Therefore, the one-way valve mechanism may
exist not only in the intravascular portion but also in the injection
chamber. Furthermore, blood components, medication precipitates,
and silicone fragments may aggravate the clinical scenario leading to
total occlusion of the catheter. When an occluded intravenous port is
identified, its integrity needs to be confirmed. Catheter irrigation can
be performed only if an intact intravenous port is verified.

In addition, Haindl10 found that the use of a syringe with a low
diameter plunger for the purpose of flushing ports was ineffective.
Dislocation of the chamber membrane was described by Haindl when
simulated in vitro with a pressure of 11.4 kPa. However, defective
membranes of totally implantable venous ports is a rare complication

FIGURE 2. Recommended algorithm for physicians and sur-
geons from the results of this study.

TABLE 5. Logistic Modes Results of Possible Risk Factors

Modes X(s) â Coefficient Standard Error Odds Ratio 95% Confidence Interval P AIC

Mode 1 Nut-Catheter Angle % 0.02 0.004 0.98 (0.97,0.99) <0.0001 380.00
Mode 2 Gender 0.05 0.16 1.10 (0.60,2.03) 0.76 401.57
Mode 3 Age 0.01 0.01 1.00 (0.99,1.03) 0.47 401.14
Mode 4 Subclavian route 0.02 0.21 1.04 (0.46,2.35) 0.93 401.66
Mode 5 Type 1 vs 4 % 0.31 0.36 0.29 (0.03,2.46) 0.38 404.62

Type 2 vs 4 % 0.25 0.33 0.31 (0.04,2.54) 0.45
Type 3 vs 4 % 0.36 0.36 0.28 (0.03,2.37) 0.32

Mode 6 Valve-tip 0.03 0.15 1.05 (0.58,1.93) 0.86 401.64
Mode 7 Location 0.04 0.06 1.04 (0.92,1.17) 0.57 400.45

Mode 1: Nut-Catheter Angle; Mode 2: Gender (male vs female); Mode 3: Age; Mode 4: Route (subclavian route vs non-subclavian route); Mode 5: Port
type (different brands); Mode 6: Port type (valve tip vs open tip); Mode 7: Location.
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occurring in approximately 2.3% to 6.0% of all cases, and a person’s
thumb could easily exert a pressure of approximately 2 to 3 kPa as
described by Kurul et al.11 When applied to the plunger of a syringe
with an area of 0.175 cm2, the pressure transmitted to the liquid
surface rises from 11.4 to 17.1 kPa. This pressure is large enough to
lead to intravenous port disruption. We recommend using a 10-mL
syringe for intravenous port irrigation. The best way to prevent an
occluded catheter is adequate flushing to minimize any substances
that may lead to occlusion after use.

An adequate heparin lock is also crucial to minimize clot for-
mation within an intravenous port. In this study, there were no dif-
ferences between different types of intravenous port, as shown in
Table 5. In addition, valve tip ports did not demonstrate an advantage
in preventing catheter occlusion, because they cannot prevent fibrin
formation around the intravascular portion of the catheter. Therefore,
if a greater resistance is encountered during irrigation, changing to
a new port over the guide wire is the best way to restore catheter
function.

Several technical and mechanical factors may lead to catheter
malfunction. In this study, we tried to identify the risk factors associ-
ated with catheter malfunction. Age, gender, type of port, tip structure
of the port, entry route, and catheter tip location were not significantly
related to malfunction. The mean Nut-Catheter Angles of patients
with and without malfunctioning catheters were 129$ ± 45$ and 152$

± 13$, respectively, and the Nut-Catheter Angle was found to be the
risk factor significantly associated with malfunction (P = 0.001). In
addition, 7 logistic models used for further analysis revealed that the
Nut-Catheter Angle was the only risk factor for malfunction (P <
0.001). A negative â-coefficient of %0.02 was found, meaning that a
sharper angle may be associated with a greater risk of malfunction.
This may be related to inadequate port creation leading to the port im-
pinging the catheter at the connecting site. An impinged catheter may
result in catheter malfunction to catheter perforation, or even fracture
at the connecting site. This suggests that malfunction could be pre-
vented by adequate pocket creation and by establishing a smooth route
between the catheter and port. Furthermore, a patient with a malfunc-
tioning intravenous port with tight stat suture proximally located to
the venostomy site was confirmed in this study. The chest plain film
obtained before the operation was retrospectively reviewed, and it
showed a stenotic lesion located at the proximal end of the catheter.
Catheter function was restored after the tight suture was removed.

There are several limitations to our study. First, this is a ret-
rospective study performed in a single center. Different implantation
methods or maintenance may be used in different hospitals, so our
results cannot be applied to every hospital. Second, we only compared
device or implantation method–related risk factors, without other fac-
tors such as neutropenic sepsis or port pocket infection. However, our
findings should serve as a reminder to physicians and surgeons to pay
greater attention to patients after intravenous port implantation.

In summary, there are 5 strategies, in our experience, that can be
utilized together to avoid port malfunction. (1) An adequate pocket
should be created between the fascia of the pectoralis major and
subcutaneous adipose tissue, because an avascular plane does exist. If
abundant subcutaneous adipose tissue is found, partial adipose tissue
should be meticulously removed. However, care should be taken not
to remove too much adipose tissue to avoid poor wound healing
and even port exposure, because the subcutaneous blood supply can
be damaged by adipose removal. (2) A smooth route between the
catheter and injection chamber should be established, with the Nut-
Catheter Angle as large as possible. This should avoid the catheter
being impinged by the injection chamber and minimize the risk of
material fatigue. (3) The injection chamber of the port should be fixed
over the fascia of the pectoralis major to avoid port deflection and

minimize the possibility of port integrity damage during inadequate
puncture. (4) The stat suture located at the proximal end of the catheter
should never be tied too tight if the cut-down method is utilized for
the entry vessel. This is because it will lead to the lumen of the
catheter being compromised leading to malfunction. (5) Intravenous
port maintenance should be carried out by adequate irrigation and
heparin lock to minimize the amount of residual substances remaining
in the port. An intravenous port can be reliable for venous access
under these strategies, ensuring that patients receive further effective
treatment.

CONCLUSIONS
The objective of the study was to identify the risk factors lead-

ing to catheter malfunction. The Nut-Catheter Angle was found to
be the only risk factor for catheter malfunction. The possible mecha-
nism is catheter impingement caused by inadequate pocket creation,
port implantation, and inadequate maintenance. Age, gender, port
type, catheter tip structure (valve-tip vs open-tip), and entry route
(subclavian vs non-subclavian route) were not related to catheter
malfunction. Physicians should schedule short-interval follow-ups
for high-risk patients, and routine withdrawal tests should be done.
If intermittent blood withdrawal is found, early reintervention is rec-
ommended. For surgeons, a smaller Nut-Catheter Angle should be
avoided by adequate pocket creation. Adequate pocket creation will
not only prevent catheter impingement but also reduce the tension of
overlying subcutaneous tissue. Further studies are needed to survey
the relationship between malfunction and other risk factors
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