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A Safe Alternative Entry Vessel for Intravenous Port Implantation
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Abstract: An entry vessel is crucial for intravenous port implantation.
A safe alternative entry vessel that can be easily explored is crucial for
patients without feasible cephalic vein or for those who need port
reimplantation because of disease relapse. In this study, we tried to
analyze the safety and feasibility of catheter implantation via the deltoid
branch of the thoracoacromial vein.

From March 2012 to November 2013, 802 consecutive oncology
patients who had received intravenous port implantation via the superior
vena cava were enrolled in this study. The functional results and
complications of different entry vessels were compared.

The majority of patients (93.6%) could be identified as thoracoa-
cromial vessel. The deltoid branch of the thoracoacromial vein is
located on the medial aspect of the deltopectoral groove beneath the
pectoralis major muscle (85.8%) and in the deep part of the deltopec-
toral groove (14.2%). Due to the various calibers employed and tortuous
routes followed, we utilized 3 different methods for catheter implan-
tation, including vessel cutdown (47.4%), wire assisted (17.9%), and
modified puncture method (34.6%). The functional results and com-
plication rate were similar to other entry vessels.

The deltoid branch of the thoracoacromial vein is located in the
neighborhood of the cephalic vein. The functional results of intravenous
port implantation via the deltoid branch of the thoracoacromial vein are
similar to other entry vessels. It is a safe alternative entry vessel for
intravenous port implantation.

(Medicine 94(17):e728)

BACKGROUND

n entry vessel is crucial for intravenous port implantation.
The ideal entry vessel has consistent location and adequate
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caliber. Three different entry vessels candidates, including
cephalic vein, subclavian vein, and internal jugular vein, can
be utilized for superior vena cava catheter implantation. The
cephalic vein is the most common and easiest choice because of
its relatively consistent location and large caliber. However, in
about 18% of patients the cephalic vein cannot be identified and
another entry vessel is needed for catheter implantation.'

Other common alternative entry vessels for catheter
implantation are the subclavian and internal jugular veins. In
the case of the subclavian vein, the risk of hemopneumothorax
and pinch-off symptoms cannot be totally eliminated even for
an experienced surgeon.”’”> In the case of the internal jugular
vein, the risk of vessel injury still remains, even under echo-
guidance assist and vessel repair is warranted.® Furthermore, an
additional subcutaneous tunnel between the entry site and the
injection chamber is necessary in order to embed the catheter.
Postoperation pain can last from days to weeks, decreasing the
patient’s quality of life.” Therefore, the above mentioned
alternative entry vessels are not ideal for catheter implantation.
However, a safe alternative entry vessel that can be easily
explored is crucial for patients without feasible cephalic vein
or for those who need port reimplantation because of disease
relapse. The deltoid branch of the thoracoacromial artery and
vein are located in the neighborhood of the deltopectoral groove
and have been reported as reciPient vessels of reconstructed
muscle or free jejunum flap.®~'* From an anatomic view, a
cadaveric study done by Loukas et al revealed that 65.2% of the
cephalic vein travels with the deltoid branches of the thoracoa-
cromial trunk.® These characteristics suggest the deltoid branch
of the thoracoacromial vein as an entry vessel candidate for
catheter implantation. In this study, we try to identify the
availability and feasibility of catheter implantation in the
deltoid branch of the thoracoacromial vein.

MATERIALS AND METHODS

Patients

From March 2012 to November 2013, 809 consecutive
oncology patients received intravenous port implantation. Seven
patients who received intravenous port implantation via the
inferior vena cava route were excluded. We collected all data
from medical records and follow up from these patients until
January 2014. All detailed information was documented in the
operative permit and explained by preoperative verbal expla-
nation. All data were deidentified prior to analysis. This study has
been approved by the Ethics Committee of Chang Gung Memor-
ial Hospital, under the institutional review number 100-4193A3.

Medical Decision

The decision-making process regarding the entry vessel is
as follows.* All patients underwent exploration for cephalic vein
and deltoid branch of thoracoacromial vein from the same
incision. The first preference for catheter implantation was
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the cephalic vein; however, if it was absent or fibrotic and could
not be utilized for implantation, the second choice was the
deltoid branch of the thoracoacromial vein. The internal jugular
vein was considered the last choice for entry vessel only if the
cephalic vein and the deltoid branch of the thoracoacromial vein
were both absent. The subclavian vein was not utilized for
catheter implantation because of the risk of iatrogenic pneu-
mohemothorax and pinch-off syndrome.

Operative Method

We performed local anesthesia in the subclavicular area and
created a 2-cm incision for vessel exploration. We explored the
cephalic vein and the deltoid branch of the thoracoacromial vein
for every patient via the same wound (Figures 1 and 2). The
cephalic vein and deltoid branch of the thoracoacromial vein were
explored first. Vessel cutdown or endovascular wire—assisted
technique was utilized according to vessel distribution and cali-
ber. The vessel cutdown method, that is, distal ligation of the
vessel and proximal stay suture to secure the venotomy site, was
utilized for vessels with caliber larger than the catheter. Endo-
vascular wire—assisted technique was used for catheter implan-
tation if the vessel was of small caliber, had sharp angles, or
involved tortuous routes during catheter implantation. Two differ-
ent metallic wires, V-18 Control Wire (0.018, 200 cm, Boston
Scientific, Natick, MA) and Guide Wire M (0.035in, 150cm
Terumo Cooperation, Tokyo, Japan), were chosen, according to
the vessel caliber. As long as the metallic wire could establish a
route for catheter implantation, we were able to slide the catheter
over the wire or a subcutaneous dilator with a peel-able sheath
could be used for a subcutaneous tunnel creation along the native
vessel route (Figure 3). The catheter could be implanted via a
peel-apart sheath under fluoroscopy. Finally, we created a sub-
cutaneous pocket between the subcutaneous fat and fascia of the
pectoralis major for placement of the injection chamber.

Statistics

All the collected clinicopathologic factors were first ana-
lyzed with univariate analysis. Categorical variables were
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FIGURE 1. (A) Cephalic vein. (B) Thoracoacromial artery, deltoid
branch. (C) Thoracoacromial vein, deltoid branch.
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FIGURE 2. Schematic of the position of cephalic and deltoid
branch of thoracoacromial vein.

compared using x> or Fisher exact tests. A p-value less than
0.05 was considered statistically significant. Reported confi-
dence intervals (CI) are assumed to have a coverage probability
of 95%. All the analyses were performed using SAS, version 9
(SAS Institute, NC).

RESULTS

From March 2012 to November 2013, 802 consecutive
oncology patients received intravenous port implantation via
the superior vena cava route. The descriptive characteristics of
the patients are listed in Table 1. We explored the deltopectoral
groove and nearby area in order to identify the location and
pattern of the thoracoacromial vessel in all patients. Ninety-five
patients were unable to tolerate the procedure because of
relatively poor general condition such as dyspnea or coagulo-
pathy. Seven hundred seven patients received vessel explora-
tions, with only 45 patients (6.4%) in whom the deltoid branch
of the thoracoacromial vein could not be identified during
exploration on account of abundant adipose tissue or intolerable

TABLE 1. Descriptive Statistics

Variables N (%)
Age (mean =+ SD) 59.7£12.6
Gender—Male 504 (62.8)
Entry vessel
Thoracoacromial vein 78 (9.7)
Cephalic 677 (84.4)
Internal jugular vein 44 (5.5)
Others 3(04)
Pattern of deltoid branch of thoracoacromial vein 707
One artery, 1 vein 644 (91)
Not identified 45 (6.4)
Artery only 11 (1.6)
Venous plexus only 2(0.3)
Plexus of artery and vein 5(0.7)

Location of deltoid branch of thoracoacromial vein 662
Beneath pectoralis major muscle 568 (85.8)
Deep deltopectoral groove 94 (14.2)

SD = standard deviation.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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pain. The remaining 644 patients (91%) were identified to have
a pattern of a thoracoacromial vessel with 1 artery and 1 vein.
Furthermore, the locations of the deltoid branch of the thor-
acoacromial vein were the medial aspect of the deltopectoral
groove, beneath the pectoralis major muscle (85.8%) and in the
deep part of the deltopectoral groove (14.2%).

In total, 78 patients received intravenous port implantation
via the deltoid branch of the thoracoacromial vein (Table 2).
The mean operation time was 44.1 minutes. Thirty-seven
patients (37/78, 47.4%) received direct catheter implantation
via the thoracoacromial vein using the vessel cutdown method.
Fourteen patients (17.9%) were found to have a tortuous vessel
route and required metallic wire in order to establish an entry
route and permit catheter implantation over the wire. Twenty-
seven patients (34.6%) were found to have small vessel caliber
with tortuous vessel route. For these patients, we utilized a small
caliber metallic wire to establish a route and subcutaneous dilator
with a peel-able sheath that had been used for subcutaneous
tunnel creation along a native vessel route. After the dilator was
removed, the catheter could be implanted into the vessel via a
peel-able sheath. The functional results and complication rate of
the thoracoacromial vein were similar to implantations via the
cephalic and internal jugular vein (Table 3).

DISCUSSION

A review of the literature reveals that the thoracoacromial
vessel has been widely utilized as the recipient vessel in
reconstruction surgery’~'* and vascular access for intra-arterial
chemotherapy.'> There have been no large clinical studies
demonstrating the safety and feasibility of intravenous port
implantation via the deltoid branch of the thoracoacromial vein.
The goal of our study was to identify the location and pattern of
the deltoid branch of the thoracoacromial vein and evaluate its
feasibility for catheter implantation. Our study identified the
location of the deltoid branch of the thoracoacromial vessel as
the deltopectoral groove, with the majority (91%) of vessel
patterns consisting of 1 artery and 1 vein. Due to variations in
anatomy, a suitable deltoid branch of the thoracoacromial vein
for catheter implantation could not be identified in 9% of
patients. In our study, 9.7% of patients underwent catheter
implantation via the deltoid branch of the thoracoacromial vein

TABLE 2. Descriptive Statistics (Entry Vessel =Thoracoacro-
mial vein)

Variables N (%)
Age 58.8+13.8
Gender—Male 50 (64.1)
Pattern of deltoid branch of thoracoacromial vein

One artery, 1 vein 77 (98.7)
Plexus of artery and vein 1(1.3)
Location of deltoid branch of thoracoacromial vein

Deep deltopectoral groove 18 (23.1)
Beneath pectoralis major muscle 60 (76.9)
Operation time (min) (mean 4 SD) 44.1+14.7
Operation method

Vessel cutdown 37 (47.4)
Wire assisted (over the wire) 14 (17.9)
Wire assisted (modified puncture) 27 (34.6)

N=78.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

due to disease or fibrotic cephalic vein, possibly related to
aforementioned anatomic variation. From a review of the
medical records, the implantation success rate was 100% where
a feasible deltoid branch of the thoracoacromial vein was
identified. The location of the deltoid branch of the thoracoa-
cromial vein has been further clarified. Only 14.2% of patients
had cephalic vein found with the deltoid branches of the
thoracoacromial vessel, while the majority (85.8%) of patients
were found to have the deltoid branch of the thoracoacromial
vessel at the medial aspect of the deltopectoral groove, beneath
the pectoralis major muscle. However, a cadaveric study done
by Loukas et al demonstrated that 65.2% of the cephalic vein
travels with the deltoid branches of the thoracoacromial trunk.
This difference may be caused by the dehydration effect of a
preservative such as formaldehyde that is used in the prep-
aration of the cadaver. The high percentage of occurrence and
relative constant location revealed that the deltoid branch of the
thoracoacromial vein could be considered an alternative candi-
date for catheter implantation.

However, the variable calibers and possible tortuous route
of the deltoid branch of the thoracoacromial vein may be a
problem if chosen as an entry vessel. In our study, we utilized 3
different implantation methods, according to the caliber of the
vessel and its 3-dimensional route. In our study, 37 patients (47/
78, 47.4%) with larger calibers and straight vessel routes
received the catheter using the vessel cutdown method. In
addition, we utilized a metallic wire (Guide Wire M,
0.035in, 150cm Terumo Cooperation) to establish catheter
implantation in 14 patients (14/78, 17.9%) with tortuous route.
After the implantation route was established and confirmed by
intraoperative fluoroscopy, the catheter was implanted over the
wire. For 27 patients (27/78, 34.6%) with small vessel caliber,
we used a smaller metallic wire (V-18 Control Wire, 0.018 in,
200 cm, Boston Scientific) to establish an implantation route
and the catheter was implanted with the aid of a subcutaneous
dilator with a peel-able sheath. Implantation via the deltoid
branch of the thoracoacromial vein could reduce tissue damage
when compared with the subclavian and internal jugular vein
approach. The subclavian vein puncture requires the creation of
a neoroute by the puncture needle and the internal jugular vein
puncture requires a subcutaneous tunnel from the neck to the
shoulder. In addition, the possibility of iatrogenic pneu-
mothorax and hemothorax cannot be completely avoided during
puncture even by an experienced surgeon and under echo-
guidance assist.*® Therefore, the deltoid branch of the thora-
coacromial vein can serve as a safe and practical alternative for
catheter implantation.

We further compared the functional results and compli-
cation rate for different entry vessels. In our experience in 2005
and 2006, 2 iatrogenic pneumothoraces (2/234; 0.85%)
occurred, because of the use of subclavian puncture.’® Literature
review reveals that the risk of inadequate arterial puncture,
pneumothorax, and pinch-off symptoms still remains.'® In
addition, vessel injury caused by subclavian vein puncture
could lead to intimal hyperplasia, formation of thrombi, and
fibrotic vessel changes. These presentations could subsequently
develop into central vein stenosis.'” Risk of subclavian puncture
complications, including inadequate arterial puncture, pneu-
mothorax, pinch-off symptom, and central vein stenosis, should
be minimized. In this study, no iatrogenic pneumothorax or
inadequate arterial puncture occurred after principal changes
due to our use of the deltoid branch of the thoracoacromial vein
as a substitute entry vessel. Furthermore, no catheter fracture
occurred in this study, for the following reasons. First, we did
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TABLE 3. Frequency Between Vessel Entry and Complication, Functional Period

Variables Thoracoacromial Vein (n=78) Cephalic Vein (n=677) 1IJV n=44) P-Value
Complication 0 (0) 10 (1.5) 3 (6.8) 0.63
Fracture 0 (0) 0 (0) 0 (0) -
Infection 0 (0) 8 (1.2) 2 (4.5) 0.08
Migration 0 (0) 2 (0.3) 1(2.3) 0.09
Functional period (days) 320.4£162.5 281.6 £167.3 308.7£174.2 0.10

1JV =Internal jugular vein.

not use a port with a metallic fixation device because it would
exert larger shear forces on the catheter and lead to fracture.'®
Second, we created larger pockets for women and obese patients
in order to avoid impingement between the locking nut and the
catheter.'® Third, we avoided subclavian puncture and the risk
of pinch-off symptoms, which have been eliminated. In this
study, the catheter migration rate was 0.3%, much lower than in
our previous study (31/1506, 2%).'? This is because we kept the
catheter tip 1 cm below the carina under fluoroscopy in order to
avoid a shallow catheter tip location.

Some limitations remain in the utilization of the deltoid
branch of the thoracoacromial vein. First, size variation and
possible tortuous route of the deltoid branch of the thoracoa-
cromial vein is a major concern for catheter implantation. This
could be overcome with the assistance of an endovascular
device and intraoperative fluoroscopy. In addition, the deltoid
branch of the thoracoacromial vein is a good substitute for the
subclavian vein with much less operative trauma and lower
complication rate. Second, in 9% of patients the deltoid branch
of the thoracoacromial vein could not be identified because of

FIGURE 3. (A) Cephalic vein fibrosis such that metallic wire could not pass the lesions (white arrow). (B) Left: Ligation of the fibrotic
cephalic vein (white arrow); right: exploration of deltoid branch of thoracoacromial artery (black arrow) and vein (gray star). (C) Utilization
of metallic wire to cannulate the vessel and establish an entry route for the catheter. (D) Utilization of peel-apart dilator sheath over the
wire in order to create a subcutaneous tunnel for catheter implantation. (E) Implantation of the catheter via sheath to an adequate tip

location.
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anatomical variation. The internal jugular vein approach with
echo guidance should be considered as entry route only in
patients lacking access to the cephalic vein and deltoid branch
of thoracoacromial vein. Because deltoid branch of thoracoa-
cromial vein and cephalic vein were located at neighborhood
area and we could explore the two vessels from the same
incision. Three different clinical scenarios would be encoun-
tered. For patients who were identified these two vessels and
those with cephalic vein only, cephalic vein would be the first
choice of entry vessel. For those who could be identified deltoid
branch of thoracoacromial vein only, deltoid branch of thor-
acoacromial vein would be utilized for catheter implantation.
Only those who absent these two vessels, internal jugular vein
was considered as the choice of entry vessel. Therefore, only
5.5% patients needed the internal jugular vein approach for
catheter implantation because no feasible cephalic vein or
deltoid branch of the thoracoacromial vein was available.
Despite these limitations, the deltoid branch of the thoracoa-
cromial vein could provide an alternative entry vessel for
patients without a feasible cephalic vein or for those who need
repeat port implantation to fit therapeutic needs.

CONCLUSION
The deltoid branch of the thoracoacromial vein is located
in the neighborhood of the cephalic vein. The functional results
of intravenous port implantation via the deltoid branch of the
thoracoacromial vein are similar to implantation by other entry
vessels. It is a safe alternative entry vessel for intravenous
port implantation.
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