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Background: Totally implantable venous access ports (TIVAPs) are widely used and are an essential tool
in the efficient delivery of chemotherapy. This study aimed to evaluate the feasibility and safety of im-
plantation of ultrasound (US)-guided TIVAPs via the right innominate vein (INV) for adult patients with
cancer.
Methods: This study retrospectively reviewed the medical records of 283 adult patients with cancer who
underwent US-guided INV puncture for TIVAPs between September 2015 and September 2017. It also
analysed the technical success rate, operation time, and short-term and long-term surgical
complications.
Results: Technical success was achieved in all patients (100%). The mean operation time was
28.31 + 7.31 min (range: 23—39 min), and the puncture success rate for the first attempt was 99.30%
(281/283). Minor complications included artery puncture during the operation in one patient, but no
pneumothorax was encountered. The mean TIVAP time was 304.16 + 42.54 days (range: 38—502 days).
The rate of postoperative complications was 2.83% (8/283), including poor healing of the incision in one
patient, catheter-related infections in three patients, port thrombosis in one patient, and fibrin sheath
formation in three patients; no catheter malposition, pinch-off syndrome, catheter fracture, or other
serious complications were observed.
Conclusions: TIVAPs are widely employed for chemotherapy. The present study found that the novel
approach of using US-guided INV puncture to implant TIVAPs in adult patients with cancer is both short-
termly feasible and safe for long-term central venous access.

© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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Introduction

A totally implantable venous access port (TIVAP) consists mainly
of a port for puncture and a venous catheter system, which could be
used for the infusion of various chemotherapeutic drugs, supple-
mental liquids, nutritional support treatments, blood transfusions,
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and blood specimen collection [1]. Compared with peripherally
inserted central catheters, TIVAPs are widely accepted by patients
with cancer due to the advantages of a higher success rate of
catheterization, longer service life, fewer complications, and
simpler care [2]. In recent years, a new approach has been sug-
gested, consisting of cannulation of the innominate vein (INV) from
the supraclavicular area, which could offer advantages in neonates
and infants [3—6]. However, it is rarely reported in adult patients. In
this study, the clinical records of adult patients who underwent
TIVAP implantation via US-guided percutaneous punctures of the
right INV were collected and analysed retrospectively to evaluate
the efficacy of this technique.
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Materials and methods

Between September 2015 and September 2017, 283 patients
with cancer who underwent US-guided TIVAP implantations via
the right INV were selected. Clinical information was collected from
the electronic medical record, including 113 men and 170 women
between 33 and 78 years of age (mean age: 52.21 + 15.32 years).
There were 127 patients with breast cancer, 59 with liver cancer, 52
with lung cancer, 29 with gastric cancer, and 16 with other ma-
lignant tumours. This study was approved by the Ethics Committee
of the Second Affiliated Hospital of Suzhou University, and written
informed consent was obtained. TIVAPs were obtained from BARD
Medical (BardPort, 0603870, 7F; 8806061, 6F; UT, USA). The oper-
ation was performed by two trained interventional physicians and
an ultrasound physician with our team.

Preoperatively, all patients underwent a routine examination,
including routine blood and coagulation studies. Meanwhile, the
superior vena cava was assessed, and the integrity of the skin at the
puncture site was examined to rule out operational contraindica-
tions. During the surgery, guidance on washing hands, disinfection,
and other sterile procedures was strictly followed. The patient was
placed in the supine position, and the surgical field was disinfected
and draped routinely. A high-frequency ultrasound probe was used
to explore the INV: the probe was moved downward along the
internal jugular vein (IJV) to the superior sternoclavicular joint to
display the confluence of the right IJV and right subclavian vein
(SCV), which is the origin of the right INV. Meanwhile, the status of
veins was assessed, and the location of the subclavian artery (SCA)
(beside the SCV) was identified. Under local anaesthesia, with 3 mL
1% lidocaine, the right INV was punctured in-plane with real-time
ultrasound guidance (Fig. 1), and a guide wire was introduced. An
introducer sheath was passed over the guide wire into the vein. The
guide wire was then removed, and the port catheter was intro-
duced through the introducer sheath. The correct position was
checked by fluoroscopy. A pocket was constructed on the right
upper chest wall, sized to exactly contain the port. Above the
pocket, the thickness of the retained subcutaneous tissue was
approximately 0.5—1.0 cm. The catheter was guided with a tunnel
needle to cross the incision via the supraclavicular port, and its tip
was adjusted to the junction of the superior vena cava and the right
atrium under digital subtraction angiography fluoroscopy.

Fig. 1. Ultrasound-guided real-time puncture of the right INV. The figure shows the
needle inserted into the origin of the right INV (white arrow) where the SCV (black
arrow) affluxes; the posterior part shows the right subclavian artery and pleura. INV,
Innominate vein; SCV, subclavian vein.

Subsequently, the port catheter was cut off and connected with the
port, and the port was implanted into the pocket, followed by su-
turing of the incision. Flow for blood withdrawal and infusion was
tested via a cutaneous puncture. The incision was covered with
sterile dressings and a compression bandage (Fig. 2).

Results

TIVAPs were successfully implanted in the 283 patients, with a
success rate of 100%. The operation time ranged from 23 to 39 min,
with a mean time of 28.31 + 7.31 min. The success rate of the first
puncture was 99.30% (281/283). One patient (0.35%, 1/283) was
mistakenly arterially punctured (known as SVA by ultrasound)
during the operation, while the secondary puncture of the INV was
successfully performed and did not show complications such as
haemothorax or pneumothorax. The port-carrying time ranged
from 38 to 502 days, with an average time of 304.16 + 42.54 days.
The overall central venous access port-related infection (CPI) inci-
dence rate was 0.12 per 1000 catheter-days. The incidence of
postoperative complications was 2.83% (8/283) (Table 1). No other
serious complications, such as catheter allotopia, rupture, or pinch-
off syndrome (POS), were observed. The port was removed from
five patients due to catheter-related infection, thrombosis, and
fibrin shell formation. It is still working normally in 181 patients.

Discussion

TIVAPs are increasingly being used in cancers because of their
convenient application, good concealment, easy maintenance, and
improvement of the patient's quality of life [2,7]. Although many
port implantations are done via traditional surgical vein incision
under direct visualization, percutaneous punctures have been
routinely applied for implantations because of their high techno-
logical success rate and low rate of complications [8]. At present,
percutaneous punctures consist mainly of IJV and SCV approaches,
with complications that include haemothorax, pneumothorax,
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Fig. 2. Implantation of TIVAP via the right INV approach. The catheter (white arrow)
crosses over the clavicle to enter the right INV at the posterior sternoclavicular joint
while avoiding the sternocleidomastoid muscle; the catheter tip (black arrow) is
located at the junction of the superior vena cava and the right atrium. INV, Innominate
vein; TIVAP, totally implantable venous access port.
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Table 1
Incidence of postoperative complications and processing measures.

Complications No. (%) Actions taken

Delayed incision healing 1(0.35) Secondary suture
Catheter-related infection 3(1.06) Antibiotics and port removal
Deep vein thrombosis 1(0.35) Anticoagulation and port removal
Fibrin formation 3(1.06) Thrombolysis and port removal
Total 8(2.83)

infection, catheter malposition, POS, and catheter fracture. A study
involving 2996 patients performed by Li et al. found a total
complication rate of 6.24% [9]. Complications delay treatment of
the disease, reduce the rate of effective utilization of the port, and
gradually attract attention.

IJV and SCV are two well-known approaches to implant TIVAPs
with shortcomings related to specific complications. Considering
the high puncture point of IJV, the catheter is turned 180° to con-
nect with the port on the upper chest wall. The wide angle of the
fold and the longer catheterization pathways are important factors
leading to ectopic catheter, discount, clogging, fracture, and
reduction in patient comfort [7,10—12]. Moreover, POS related to
the SCV approach is the main reason for the rupture or even frac-
ture of the catheter, as reported in the study done by Tamura et al.,
in which the POS rates reached as high as 4% [13]. How to overcome
the specific shortcomings related to these complications remains a
challenge.

The INV is formed by the confluence of the ipsilateral IJV and
SCV at the rear of the sternoclavicular joint. Compared with the [JV
and SCV, the position is fixed and the diameter is larger, making it
possible for the right supraclavicular approach to puncture the INV
during the implantation of TIVAPs [13]. Statistically, the cannula-
tion success of the left INV proved to be superior to the right for
infants and neonates [14]. However, in adults, the left INV is in a
deeper location, has more variation compared with the right one,
and it is poorly visualized on ultrasound. In addition, an ultrasound
is unable to identify the thoracic catheter if it is merged via the left
BCV junction. The right INV approach was performed to avoid
lymphorrhagia caused by thoracic catheter damage. Patients with
surgical contraindications, such as right breast cancer, were given
priority for the left lower jugular vein approach for the implanta-
tion of TIVAPs.

An ultrasound-guided in-plane puncture has the advantage of
being able to detect the location of the needle in real time, thereby
reducing the risk of arterial puncture and pneumothorax [13]. In
this study, the success rate of the first puncture was 99.30% (281/
283), and two patients successfully underwent a secondary punc-
ture. The incidence of puncture-related complications was 0.35%
(1/283), which included one patient who was mistakenly arterially
punctured (SCA). After confirmation with fluoroscopy, this patient
underwent a secondary puncture of the right INV, local haematoma
or other severe puncture-related complications did not occur. Two
other studies [6,15] reported a success rate of 97%—100% in INV
catheterization with ultrasound guidance in paediatric patients. In
the study by Avanzini et al., one patient suffered from a mistaken
puncture of the artery (0.92%, 1/109), while neither study found
other serious puncture-related complications.

In addition, it has been reported [16,17] that port implantation
with a puncture of the INV under direct visualization via surgical
incision can effectively reduce the incidence of puncture-related
complications and catheter rupture. However, a surgical incision
not only requires a longer operation time but can also lead to
trauma. A prospective, randomized, controlled trial by Nocito et al.
[16] found a success rate of 71% in port implantation with surgical
incision of the INV. Conessa et al. [17] found a success rate of 89% in

port implantation with surgical incision of the INV, with an average
operation time of 64.8 min, which was much longer than the
28.31 min found in the present study.

In this study, the port-carrying time ranged from 38 to 502
days, with a mean time of 304.16 + 42.54 days. The overall inci-
dence of postoperative complications was 2.83% (8/283), which
was lower than that reported in most other studies [9,18,19]. In
terms of short-term complications (within 1 month), one patient
suffered from a malunited wound 2 weeks after the surgery,
without swelling or effusion; it healed well after treatment con-
sisting of debridement and suturing. In terms of long-term com-
plications (greater than 1 month), three patients suffered from
catheter-related infections in the 5th, 12th, and 28th weeks after
surgery, respectively. Of these, the port was removed from two
patients after they were given local antibiotics and general anti-
infection treatment, which was ineffective. Another two patients
presented with poor infusion due to fibrin shell formation and
thrombosis, respectively, and their ports were removed after
they were given thrombolytic therapy, which was found to be
ineffective.

Lin et al. [20] investigated 2626 patients who were implanted
with venous ports via SCV punctures, reported a 2.56% incidence of
catheter rupture, and identified that catheter rupture was associ-
ated with POS. In this study, a supraclavicular puncture was
adopted, in which the catheter crossed over the top of the clavicle,
preventing POS-related catheter rupture. None of the patients had
catheter displacement, which might be associated with smooth
catheterization, smaller range of motion of the clavicle, and precise
positioning of the catheter end [9,21,22].

This work had some limitations. First, this retrospective study
was lack of predefined protocol for assessing long-term failures. In
addition, since only a small number of patients (who were fol-
lowed up for a limited duration) were enrolled, the number of
patients in this study is limited. A comparison with studies con-
ducted on other central venous sites (IJV, SCV) is needed, and the
results require verification with large-sample, randomized
controlled trials.

TIVAPs are accepted by an increasing number of cancer patients
because these ports can avoid repeated venipuncture and increase
the movement of patients. The implantation of TIVAPs via the right
INV under ultrasound guidance has a high puncture success rate, is
safe and reliable, and has low intraoperative and postoperative
complications; thus, it is worthy of widespread usage.
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