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Purpose To assess the safety and feasibility of intentionally positioning the catheter tip in the right
atrium (RA) without an abutment during implantation of a totally implantable venous access port
(TIVAP).

Materials and Methods We enrolled 330 patients who had undergone TIVAP implantation between
January and December 2016 and postoperative chest CT. The TIVAP was placed using the single-inci-
sion technique to access the axillary vein directly from the incision line. To position the catheter tip in
the RA without abutment, blood return was checked before cutting. Catheter length and complica-
tions were evaluated by retrospectively reviewing medical images and records.

Results All patients achieved successful catheter tip positioning without abutment or dysfunction.
The median tip position was 15.3 mm distal to the cavoatrial junction (CAJ) on fluoroscopy and 6 mm
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distal to the CAJ on CT. Catheter tips migrated a median of 10.4 mm cephalically on CT compared to
fluoroscopy. Thromboses were detected in the RA and superior vena cava in one patient each.
Conclusion Intentional catheter tip positioning in the RA without abutment is a safe and feasible
technique with a low incidence of thrombosis and no observed dysfunction.

Index terms Catheter Tip; Catheter Abutment; Implantable Access Port

INTRODUCTION

Thrombosis and dysfunction are the most common complications associated with using
totally implantable venous access ports (TTVAPs) and the major causes of explantation (1).
The catheter tip position is a predisposing factor for catheter-related thrombosis and predic-
tive factor for dysfunction (1, 2). When the catheter tip abuts the vascular wall, it irritates the
endothelium, leading to denudation, which is considered the primary initiating event of
thrombosis (3). Contact with the vascular wall and thrombosis around the catheter tip may
cause dysfunction (1). Therefore, the catheter tip position is critical. However, no consensus
has been reached regarding the optimal position, ranging from the superior vena cava (SVC)
to the right atrium (RA) (4-10). The Quality Improvement Guidelines for Central Venous Ac-
cess define successful catheter placement as the introduction of a catheter with the tip at the
desired location and function for its intended use (11).

Techniques used for placing the catheter tip in the desired position vary with the specific sit-
uation and operator’s preference (7, 12-16). Radiological landmarks, such as the carina, right
tracheobronchial angle, and contour of the RA, have been used under fluoroscopic guidance to
place the catheter tip at the intended position (13, 17-20). Various techniques, including those
involving a guidewire or catheter, have been used to determine the length of the catheter to
reach the intended position (7, 15, 21). The safe zone for placing the catheter tip is within 2 cm
above and below the cavoatrial junction (CAJ) because of the low complication rate caused by
catheter tip movement (4, 8, 9, 15, 22). In daily practice, we intentionally position the catheter
tip in the central or cephalic portion of the RA without abutting the cardiac wall, accounting
for both the anatomy and function of the catheter before determining the appropriate catheter
length. The aim of the present study was to assess the feasibility and safety of this technique for
positioning the tip in the RA without abutment during implantation.

MATERIALS AND METHODS

The Institutional Review Board of our hospital approved this retrospective study and
waived the requirement for obtaining written informed consent (IRB No. 2018 GR0319). We
included 330 patients who had undergone TIVAP implantation between January and Decem-
ber 2016 and postoperative chest CT. Our sample comprised 158 male and 172 female with a
mean age of 61.1 years (range: 24-95 years). Table 1 shows patient demographics. TIVAPs
were implanted for chemotherapy to treat the underlying malignancies in all patients.

Preoperatively, all patients provided written informed consent. All procedures were per-
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Table 1. Demographics and Clinical Characteristics from Medical Records

Numbers/Days %

Sex 330

Male 158 47.9

Female 172 52.1
Mean age, years 61.1 (24-95)
Access sites

Right axillary vein 287 87.0

Left axillary vein 43 13.0
Median fluoroscopic time for TIVAP implantation, minute 0.3(0.41,0.1-2.8)
Median time interval between a procedure and the first CT, days 41 (46.5,0-182)
CT follow-up during catheter indwelling periods, times

Median number, times 5(6.0,1-26)

Median period, days 362 (415.8,0-1061)

Data are presented as mean (range).
TIVAP =totally implantable venous access port

formed using an interventional radiology suite. A TIVAP (Celsite Discreet™; B. Braun Medical,
Boulogne Cedex, France) with a 6.5-F single-lumen catheter made of silicon was placed us-
ing the single-incision technique to access the axillary vein without forming a subcutaneous
tunnel (21). The axillary vein was punctured at the cephalic end of an oblique vertical inci-
sion in the right (n = 287) and left (n = 43) infraclavicular areas under ultrasound guidance.
Under fluoroscopic guidance, the catheter was advanced through the peel-away sheath to the
intended tip position in the central or cephalic portion of the RA contour. The tip abutment
was checked by aspiration with a 10-mL syringe connected to the flushing hub of the cathe-
ter. If blood return was achieved without resistance, the catheter length and tip position were
finalized. In the event of no blood return, the tip position was adjusted toward the cephalic
direction by pulling it back until blood return was achieved without resistance. The catheter
was cut at the final distance after pulling it out of the skin to a length of approximately 3 cm.
This was performed to secure the working length for attaching the proximal end of the cath-
eter to the reservoir and prevent migration into the tract or vein after cutting. The catheter
was pushed into the tract, and the reservoir was placed in a subcutaneous pocket after at-
tachment. In female, the ipsilateral breast was immobilized in a sitting position using a pre-
viously reported method to reduce catheter tip migration caused by positional changes (23).

Follow-up chest CT was performed using a 256-detector-row (Aquilion One; Toshiba Medi-
cal Systems, Tokyo, Japan) or a 128-detector-row (Somatom Definition Edge; Siemens Health-
ineers, Erlangen, Germany) CT scanner. CT scans were obtained to assess treatment respons-
es and lung metastases during the scheduled follow-up, and axial CT scans with 3-mm
thickness/increment were reconstructed.

Spot fluoroscopy was used to evaluate the catheter tip position immediately after placing
the reservoir in the subcutaneous pocket. The first chest CT scans were reviewed using a pic-
ture archiving and communication system (PACS). To evaluate the position on the spot fluo-
roscopy image, the catheter length between an imaginary point indicating the CAJ and the
tip was measured. The CAJ was considered as two vertebral body units below the carina (20),
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and the catheter tips positioned at the cephalic and caudal portions of the CAJ were assigned
negative and positive values, respectively. The first chest CT scan obtained after TIVAP inser-
tion was used to evaluate the tip position to reduce the bias resulting from changes in the
cardiac position due to variations in the diaphragm level or lung atelectasis during the follow-
up period. The time interval between TIVAP insertion and the first CT scan was also calculat-
ed. The catheter tip position was defined as the position of the CAJ if the tip was noted on the
same axial image as the crista terminalis, which is the caudal margin of the SVC (18). For
each axial scan, the distance between the CAJ and the catheter tip was calculated at 3-mm in-
tervals. The catheter tips remaining in the SVC and RA on the first CT scan were assigned
negative and positive values, respectively (-3 mm, -6 mm in the SVC and +3 mm and +6 mm
in the RA).

Axial, coronal, and sagittal CT scans obtained in the catheter indwelling period were re-
viewed to evaluate catheter-related complications, such as stenosis of the SVC, tip migration
above the SVC, and thrombosis. The tip abutment against the cardiac wall was also evaluated
in cases in which the catheter tip was in the RA on the CT scans. The migration distance of
the catheter tip on the first CT scan was calculated and compared to that observed on the
spot fluoroscopy image. Statistically significant differences in the migration distance accord-
ing to the sex of the patient or access site were evaluated using the student’s t-test. The total
number of CT scans obtained in the catheter indwelling period and interval between the pro-
cedure and the last CT scan were calculated. The last CT scan was defined as a CT scan per-
formed immediately before explantation in cases of TIVAP explantation or a recently per-
formed CT scan in cases of death, transfer to another hospital, or lack of follow-up without
explantation. For patients who were alive and had TIVAP, CT scans obtained up to December
31, 2018, were used for data acquisition. Electronic medical records were retrospectively re-
viewed. In the procedural report, the fluoroscopic time for TIVAP implantation and inci-

dence of catheter migration during catheter cutting and reservoir attachment were reviewed.

RESULTS

Positioning the catheter tip without abutting the cardiac wall was successful in all patients.
The catheter tips were positioned at median distances of 15.3 and 6 mm distal to the CAJ, ac-
cording to spot fluoroscopy and first CT scans, respectively (Table 2). The catheter tips were
positioned within 2 cm above or below the CAJ in 220 (66.7%) and 237 (71.8%) patients ac-
cording to spot fluoroscopy and the first CT scans, respectively (Table 3). The tips were posi-
tioned in the RA in 313 (94.8%) and 225 (68.2%) patients according to spot fluoroscopy and
the first CT scans, respectively. In all patients with a tip in the RA, the tip abutment against
the cardiac wall was not detected on any of the follow-up CT scans. The median migration of
the catheter tips towards the cephalic direction was 10.4 mm as observed on the first CT
scan, compared to their position on the spot fluoroscopy image (Table 2). The median migra-
tion distances toward the cephalic direction were 11.9 and 8.4 mm in male and female, re-
spectively. When accessing the right and left axillary veins, the median migration distances
were 10.2 and 15.3 mm, respectively. The differences between the subgroups were not signif-

icant (p = 0.184 and p = 0.154, respectively; Table 2). The median interval between the proce-
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Table 2. Length from the Cavoatrial Junction to the Catheter Tip on the Spot Fluoroscopy Scan at the Time of Placement and on the First
CT Scan: Subgroup Comparison of the Positions

Variates
Position of the Catheter Tip (mm) - Total
Male (n=158) Female (n=172) Right (n =287) Left (n=43)

Position on a spot fluoroscopy*

Median 111 179 14.6 18.5 153

Mean £ SD 12.13+10.62 17.42 = 10.59 14.34 +10.90 18.58 +10.43 14.89 + 10.93

Range -14.4-39.1 -9.4-39.9 -14.4-39.9 -2.7-39.9 -14.4-39.9
Position on the 1st CT*

Median 0 9 6 6 6

Mean =+ SD 16171 93+ 151 56+ 17.0 6.0+ 129 56+ 169

Range -42-54 -36-54 -42-54 -24-27 -42-54
Catheter tip migration *

Median -11.9 -8.4 -9.5 -15.7 -10.4

Mean = SD -10.53 + 16.82 -8.15+ 15.52 -8.80 + 16.49 -12.58 + 13.66 -9.29 +16.20

Range -45.3-39.1 -48.4-39.5 -48.4-39.5 -41.4-22.0 -48.4-39.5

Statistical significance (p) 0.184 0.154

*Negative value: tip in the superior vena cava; positive value: tip in the right atrium.
"Negative value: cephalic migration; positive value: caudal migration.
SD = standard deviation

Table 3. Catheter Tip Position on the Spot Fluoroscopy Image at the Time of Placement and on the First
CT Scan

Radiography

T 200t0-101-100t0-01 0to10 10.1t020.0 20.1t030.0 301t0400 Total (%)
-50.0 to -40.1 1 1(0.3)
-40.0 t0-30.1 1 1 1 3(0.9)
-30.0t0-20.1 3 11 6 1 21(6.4)
-20.0t0-10.1 1 1 12 6 5 25(7.6)
-10.0t0-0.1 1 2 21 18 11 55 (16.7)
0to 10 1 2 26 35 29 7 100 (30.3)
10.1t020.0 3 16 16 14 57(17.3)
20.1t030.0 1 19 15 11 52 (15.8)
30.1t040.0 2 4 3 2 11(3.3)
40.1t050.0 1 1 1 3(0.9)
50.1t0 60.0 1 1 2(0.6)
Total (%) 4(1.2) 133.9)  96(29.1) 107(32.4) 78(236)  32(9.7) 330

dure and the first CT scan was 41 days (range: 0-182 days).

Follow-up chest CT scans were performed a median of five times over a median of 362.5
days (Table 1). Thrombosis was the only complication observed in this study, occurring in the
RA in one patient and SVC in another, and the catheter tip positions were the RA and CAJ on
the first CT scan, respectively (two [0.6%] patients). No other catheter-related complications,
such as stenosis of the SVC or tip migration above the SVC, were observed. The patient with a
thrombus in the RA was a female with stomach cancer and nonvalvular atrial fibrillation
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Fig. 1. Thrombosis in the right atrium of a 64-year-old female.
A. The spot fluoroscopy image shows the catheter tip position 22.9 mm distal to the cavoatrial junction, which is located two vertebral
body units below the carina.

B, C. Axial (B) and coronal (C) reformatted images show the catheter tip in the right atrium without abutment against the wall (long ar-
rows). A low-attenuation thrombus (short arrows) is observed on the wall of the right atrium around the catheter tip.

who was administered amiodarone and clopidogrel. The thrombus was diagnosed 46 days

after implantation through the right axillary vein and was noted on the 117th day of follow-
up. The patient died on the 128th day of follow-up. The lengths of the catheter beyond the
CAJ were 23.2 mm and 30 mm, according to the spot fluoroscopy and first CT images, respec-
tively (Fig. 1). The patient with thrombus in the SVC was a female with right breast cancer,
and the thrombosis was asymptomatic. The patient was diagnosed 386 days after implanta-
tion through the left axillary vein and died on the 514th follow-up day. The lengths of the
catheter beyond the CAJ were 19.8 mm and 0 mm according to spot fluoroscopy and the first
CT scans, respectively. The median fluoroscopy duration of the entire procedure was 0.3
minutes (Table 1). There were no instances of catheter migration during attachment to the
reservoir in any of the patients. TIVAPs were explanted in 95 patients, none of whom had
catheter tip-associated complications such as thrombosis, dysfunction, or arrhythmia.

DISCUSSION

The lower one-third of the SVC and the cephalic portion of the RA are considered safe
zones for positioning catheter tips (4, 9, 22). However, positioning the tip at a high level of the
SVC may increase complications, such as catheter malfunction, thrombosis, and vessel per-
foration in the mediastinum (2, 6, 7, 22). Although rare, cardiac perforation and tamponade
are serious complications that may occur when the tip is positioned in the RA (5, 22, 24, 25).
Additionally, thrombosis or arrhythmia may develop. The risk of arrhythmia may increase if
the tip is positioned too low; however, this risk is rarely serious (5, 26, 27). In the present
study, the catheter tips were positioned in the RA in 313 (94.8%) patients and in a deep por-
tion of the RA beyond 2 cm from the CAJ in 110 (33.3%) patients, according to spot fluorosco-
py. Among the 313 patients in whom the catheter tip was placed in the RA, intra-atrial throm-
bosis developed in only 1 patient (0.3%) who had underlying atrial fibrillation. In addition,
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the two patients who developed thrombosis were asymptomatic, and explantation was not
performed.

Under fluoroscopic guidance, an anatomical landmark is required for TIVAP placement.
However, the cardiac silhouette cannot accurately indicate the CAJ due to the intrapericardi-
al portion of the SVC (1, 18, 19, 28). The carina is generally used as an anatomical landmark
for fluoroscopic guidance because the CAJ is located two vertebral body units below the cari-
na (20). The catheter length is indirectly measured from the venotomy site to the intended
position with a guidewire when implanting a TIVAP under fluoroscopic guidance (15). An-
other method to determine the catheter length is to advance the catheter tip intravenously to
the intended position under fluoroscopic guidance and then cut it at the proximal end (14,
21). This method allows for greater accuracy in determining the catheter length and placing
the tip at the intended position. The single-incision technique used in this study involved ad-
vancing the catheter through the tract and attaching it to a reservoir. This technique allows
the position, function, and abutment of the catheter tip against the cardiac wall to be
checked before determining the catheter length. Therefore, this technique enhanced the
safety and reproducibility of the procedure. The rates of the catheter tip in the SVC on fluoro-
scopic imaging and CT were 5.2% and 31.8%, respectively, although the intended position
was in the RA. When positioning the catheter tip during the procedure, we did not consider
an imaginary CAJ, which is two vertebral body units below the carina, used to retrospectively
assess the catheter tip position on fluoroscopic imaging. Had this been considered during
the procedure, the number of cases may have been lower. The higher incidence of the cathe-
ter tip in the SVC on CT than on fluoroscopy may be due to various factors influencing the
position observed on CT. In female, the ipsilateral breast is immobilized during the proce-
dure but not when CT is performed (23). During CT without immobilization, the position of
the port chamber shifted, followed by movement of the catheter tip. Another factor affecting
the tip position was that fluoroscopy was performed with the arm down, while CT was per-
formed with the arm up. In addition, fluoroscopy was performed without breathing, whereas
CT was performed with deep inspiration, resulting in different relative positions of the two
images. Various factors can affect the catheter tip position as seen on the image and actual
movement of the position after its initial placement, including the catheter type, access site,
patient’s body habitus and posture, angle of the brachiocephalic vein, respiration, arm eleva-
tion, head and chin positions, and high-flow infusion (5, 7, 12, 14, 17, 22, 23, 29-32). The cath-
eter tip can move up and down by 2-3 cm with changes in posture from supine to erect and
by 1-3 cm with arm movements. Moreover, overweight female have a significantly higher
risk of catheter migration compared to normal-weight female and male. Therefore, verifying
the catheter function by confirming blood return before cutting and placing the catheter tip
at the intended position is a valuable technique. This method helps select a wider area with-
out an abutment against the cardiac wall within a short period under fluoroscopic guidance
compared to the previously reported method of placing the catheter tip at the exact position
without checking the catheter function.

In the present study, the median fluoroscopic duration was short (0.3 min). This short du-
ration was observed during catheter positioning and throughout the procedure. Previous

studies have suggested that access sites are associated with complications, such as thrombo-
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sis, dysfunction, and vein perforation (6, 22, 33). Additionally, left-sided access increases the
risk of complications. This increased risk is also associated with tip placement in a high SVC;
however, left-sided placement with the tip below the carina is satisfactory (13). In this study,
one case of SVC thrombosis developed after placement via the left axillary vein access; how-
ever, the access site did not demonstrate a statistically significant difference in tip migration
between the right and left axillary veins.

The present study has some limitations. First, data were collected retrospectively. More-
over, the interval between the procedure and the first CT scan was inconsistent among pa-
tients, as follow-up CT scans were obtained to evaluate disease progression, response to
treatment, and lung metastases. The first CT scan was obtained at a median of 41 days after
the procedure, and the longest interval was 182 days. This long interval may not accurately
reflect mediastinal anatomy at the time of placement. Second, arrhythmias triggered by the
catheter tip were not evaluated as catheter-related cardiac complications, although no cases
of serious arrhythmias required TIVAP removal. Finally, the catheter used in this study was a
6.5-F catheter made of silicon. Further studies using catheters of different materials and di-
ameters are required.

In conclusion, confirming the abutment of the catheter tip against the cardiac wall by
checking blood return before determining the length and cutting of the catheter is a feasible
technique. In addition, intentional positioning of the catheter tip in the RA without abut-
ment appears to be a feasible and safe technique, with a low incidence of thrombosis and no

incidence of catheter dysfunction or cardiac perforation.
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