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Purpose: The totally implantable venous access port (TIVAP) provides patients with safe, 
effective and long-term convenient venous access for the administration of medications such 
as chemotherapy drugs. The implantation and long-term use of TIVAP are related to 
thrombosis, infection and other complications. In this study, the medical records of multi-
centre patients were collected, and the perioperative and postoperative complications were 
retrospectively analysed to objectively evaluate the safety of the implantation of supraclavi-
cular, ultrasound-guided TIVAP via the brachiocephalic vein (BCV).
Patients and Methods: We retrospectively analysed the clinical data of 433 adult patients 
who had undergone ultrasound-guided TIVAP implantation via the BCV at four hospitals in 
China from March 2018 to May 2019. The success rates of the first puncture, operation time, 
and perioperative and postoperative complications were analysed.
Results: All the TIVAPs were implanted successfully (100%). The average TIVAP carrying 
time was 318.15 ±44.22 days (range: 38–502 days) for a total of 197,694 catheter days. The 
success rate of the first puncture was 94.92% (411/433), and the average operation time was 
29.66 ±7.45 min (range: 18–60 min). The perioperative complications included arterial puncture 
in 4 patients and pneumothorax in 1 patient. The incidence of postoperative complications was 
5.08% (22/433), including poor incision healing (n = 2), catheter-related infection (n = 3), port 
infection (n = 6), thrombosis (n = 2) and fibrin sheath formation (n = 8). Another patient had 
infusion disturbance 2 days after the operation, and chest X-ray showed bending at the connec-
tion between the catheter and port. No other serious complications occurred, such as catheter 
rupture and drug leakage. The total incidence of complications was 6.24% (27/433).
Conclusion: This study showed excellent tolerance of supraclavicular, ultrasound-guided 
BCV puncture to implant TIVAP and a low incidence of complications. As a safe and 
effective method of TIVAP implantation, it can provide a new choice for clinicians.
Keywords: complications, totally implantable venous access ports, ultrasound-guided, 
brachiocephalic vein

Introduction
The totally implantable venous access port (TIVAP) is a completely closed central 
venous infusion system that is buried under the skin and can be retained in the body 
for a long time.1 The TIVAP comprises a piercing injection port and a central venous 
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catheter system. It is frequently used for the infusion of 
various materials, such as chemotherapeutic drugs, fluid 
supplements, and parenteral nutrition support.2–5 Compared 
with the peripherally inserted central catheter (PICC) or 
central venous catheter (CVC), the TIVAP has many advan-
tages and is more readily accepted by patients because of its 
long service life, ease of nursing, and lack of impact on the 
quality of life.6–12 TIVAP has been widely used in the clinic 
in recent years, and clinicians have gradually observed 
a series of clinical complications, such as arterial puncture, 
pneumothorax, thrombosis, and catheter rupture.6 These 
complications not only cause additional pain to patients but 
also delay treatment and even endanger patients’ lives. Thus, 
clinicians have focused more on these complications.

Many methods have been reported to implant TIVAPs 
into patients, among which the subclavian vein (SCV) and 
internal jugular vein (IJV) approaches are the two most 
commonly used clinically.2,6,13 However, few studies 
have investigated the brachiocephalic vein (BCV) as 
a central venous access in adult patients. In recent years, 
with the advances in the application of ultrasound tech-
nology, ultrasound-guided TIVAP implantation via the 
BCV has also been used clinically. However, retrospective 
multicentre studies are lacking regarding its associated 
complications and safety. In this study, we collected the 
clinical data of 433 adult patients who had undergone 
TIVAP implantation through ultrasound-guided BCV 
puncture at four hospitals in China. We retrospectively 
analysed the perioperative and postoperative complica-
tions to objectively evaluate the safety of supraclavicular, 
ultrasound-guided TIVAP implantation using the BCV 
approach.

Patients and Methods
From March 2018 to May 2019, the clinical data of 
patients who had undergone ultrasound-guided TIVAP 
via the BCV were collected from four Chinese hospitals. 
The operation process, use and maintenance were recorded 
in detail, and, excluding patients with incomplete data and 
who were lost to follow-up, 433 patients were included in 
this study (236 male and 197 female, aged 23 to 91 years; 
mean age: 60 ± 11 years).

This study was approved by the Ethics Committee of 
The Second Affiliated Hospital of Soochow University, 
and all the patients signed informed consent forms. The 
operating procedures were carried out in accordance with 
the relevant guidelines and regulations. The TIVAP used 
was purchased from BARD Medical (BardPort,8,806,061, 

6F; UT, USA) and B. BRAUN Medical (B. BRAUN, 
04436946, 6.5F; France). The operation was performed 
by two trained interventional doctors.

Implantation Procedures
Each patient should show favourable outcomes on preopera-
tive blood routine, blood coagulation and other related tests; 
if necessary, correct blood coagulation by the transfusion of 
platelets was performed for those with poor blood coagula-
tion function (INR ≥ 2; platelets < 50×109). The operation 
was performed according to standard aseptic procedures. 
During the operation, the patient was placed in the supine 
position, with the head turned to the opposite side, and the 
posterior foot of the sternocleidomastoid muscle was 
exposed. Routine disinfection and towel laying were per-
formed within 15 cm of the surgical incision. Under ultra-
sound guidance, the puncture point was anaesthetized with 
lidocaine diluted by 5 mL, and then BCV puncture was 
performed (Figure 1). The guide wire was placed after 
successful venepuncture, and it was confirmed by fluoro-
scopy that the guide wire entered the superior vena cava. 
A 5-mm incision was made at the puncture site, the detach-
able sheath was introduced through the guide wire, and the 
catheter was introduced through the sheath. A 3-cm skin 
incision was made at 2 transverse fingers below the clavicle 
on the ipsilateral side, and the subcutaneous tissue was 
bluntly separated to make a pouch. The pouch, located at 
the subcutaneous depth of 0.5–1.0 cm, should not exceed the 
superficial fascia of the pectoralis major muscle, and the size 

Figure 1 Ultrasound-guided puncture of the BCV with an inserted needle in the 
area of the IJV/SCV/BCV confluence. 
Abbreviations: BCV, brachiocephalic vein; SCV, subclavian vein; IJV, internal jugular 
vein.
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should be sufficient to accommodate the body of the port. 
A subcutaneous tunnel was made with a subcutaneous tun-
nel needle to guide the catheter to connect with the port body 
through the subcutaneous tunnel. Under the fluoroscopy 
method of digital subtraction angiography (DSA), we con-
firmed that the end of the catheter was placed at the junction 
between the superior vena cava and right atrium (Figure 2). 
The catheter was cut with scissors vertically in the appro-
priate position to connect the catheter and port. The port was 
positioned in the pouch and properly fixed, and the incision 
was sutured after local haemostasis. A non-invasive needle 
was punctured into the port body; blood was drawn unob-
structed, and normal saline was injected to confirm the 
absence of an exudate. The incision was covered with sterile 
gauze after disinfection, and butterfly-shaped harmless nee-
dles and dressings were properly fixed. The entire X-ray 
image of the TIVAP was retained to ensure no sharp angle 
of the catheter and that the position of the end of the catheter 
was good (Figure 2).

Because the thoracic duct converges into the BCV at the 
confluence of SCV and IJV on the left, the right BCV 
approach was used to avoid lymphatic leakage caused by 
the thoracic duct injury. When the right BCV puncture 
failed, the left BCV was selected. Every time TIVAP was 
utilized, the skin at the port was disinfected with Iodophor. 
Before the infusion of any drug, the nurse flushed the cathe-
ter with 10 mL of 50~100 IU/mL of heparin saline or saline 
to detect catheter obstruction or subcutaneous leakage, and 

immediately flushed again after completing each drug infu-
sion. The clinical data were recorded, including the times of 
puncture, operation time, and management of complications.

The first successful puncture indicates that the puncture 
needle entered the BCV, the guide wire and catheter were 
introduced smoothly, and there was no secondary skin 
puncture.

Catheter-related infection indicates that the patient devel-
oped fever, chills and blood culture was positive (usually 
Staphylococcus aureus) after the TIVAP was used.

Port-related infection indicates that the skin of the port 
body appeared to be broken, red and swollen, and bacterial 
infection was considered.

Results
In total, 433 patients had undergone ultrasound-guided 
totally TIVAP via the BCV with a success rate of 100%. 
The success rate of the first puncture was 94.92% (411/ 
433); 18 patients were successful in the second puncture, 
and 4 patients were successful in the third puncture 
(Table 1). Among them, 15 patients had undergone left 
BCV puncture after the failure of right BCV puncture, and 
no serious complications occurred, such as chylothorax. 
The average operation time was 29.66 ±7.45 min (range: 
18–60 min). The incidence of puncture-related complica-
tions was 1.15% (5/433). The SCA was accidentally punc-
tured in four patients (0.92%), among whom 2 patients 
were subjected to the left BCV approach; finally, the BCV 
was punctured successfully. One case (0.23%) developed 
a small amount of pneumothorax due to accidental punc-
ture of the pleura, and the second puncture of the right 
BCV was successful. The patient did not receive special 
treatment because he had shown no serious clinical 

Figure 2 The catheter crossed over the clavicle to enter the BCV, the catheter tip 
was placed at the junction between the superior vena cava and the right atrium. 
Abbreviation: BCV, brachiocephalic vein.

Table 1 Details of the US-Guided BCV Puncture for TIVADs 
(N = 433)

Success No. (%)

First attempt 94.92% (411/433)

Second attempt 81.82% (18/22)

Third attempt 100% (4/4)

Puncture site

BCV (right) 96.54% (418/433)

BCV (left) 3.46% (15/433)

Success rate of TIVAP 100% (433/433)
Operation time 29.66 ± 7.45 min (range: 18–60 min)

TIVAP carrying time 318.15 ± 44.22 days (range: 38–502 days)
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symptoms (Table 2). The average TIVAP time was 318.15 
±44.22 days (range: 38–502 days). The incidence of post-
operative complications was 5.08% (22/433). There were 
two cases of delayed incision healing, 3 cases of catheter- 
related infection, 6 cases of port-related infection, 2 cases 
of thrombosis and 8 cases of fibrin sheath formation. One 
patient had infusion disturbance 2 days after the operation, 
and chest X-ray revealed bending at the connection 
between the catheter and port. However, no other serious 
complications, such as catheter rupture and drug leakage, 
occurred during the follow-up. Unplanned removal of the 
TIVAP was caused by postoperative complications in 14 
patients.

Discussion
In this study, we found that ultrasound-guided TIVAP 
implantation via the BCV not only has a high success 
rate of the first puncture but also has few perioperative 
and postoperative complications, improving the efficiency 
of TIVAP and providing a reliable implantation method 
that clinicians can choose.

Compared with the traditional method of blind punc-
ture using clinical landmarks, ultrasound-guided percuta-
neous puncture can significantly improve the success rate 
of the first puncture, reduce puncture-related complica-
tions, and avoid the pain of repeated puncture.14,15 

Although percutaneous IJV and SCV cannulation are the 
two most commonly used methods clinically, the TIVAP, 
as an invasive operation, will cause related complications 
during puncture and long-term retention in the body, and 
the risk of complications is closely related to the different 
implantation methods. The percutaneous IJV and SCV 
approaches usually lead to certain clinical complications, 

such as arterial puncture, pneumothorax, and ectopic 
catheters.16

Due to the superficial position and thin vascular wall of 
the BCV, under real-time ultrasound guidance, the BCV 
lumen remains open regardless of the haemodynamics and 
respiratory status and rarely overlaps with the carotid 
artery or brachiocephalic artery.17,18 The puncture site is 
distant from the nasobuccal area, reducing the probability 
of bacterial contamination in the nasopharynx. 
Additionally, Brass et al,19 found that clinicians can 
clearly identify different blood vessels and determine 
whether they are unobstructed under ultrasound guidance 
compared with blind puncture using clinical landmarks, 
thus reducing the overall incidence of complications by 
71%, the incidence of arterial puncture by 72%, the time 
required for successful cannulation by 30.52 seconds, and 
the probability of successful cannulation for the first time 
by 57%. Many clinical guidelines also advocate central 
venous cannulation under the real-time ultrasound 
guidance.20,21

The IJV is close to the common carotid artery and to 
the top of the pleura and tip of the lung behind the 
sternoclavicular joint, and no reliable clinical landmarks 
are available. These factors lead to accidental injury to the 
common carotid artery and top of the pleura during punc-
ture, resulting in cervical haematoma, pneumothorax, hae-
mothorax and other complications.22 The puncture point of 
the IJV is high, causing the catheter to be folded back 180 
degrees before it can connect to the TIVAP of the anterior 
upper chest wall, increasing the risk of ectopia, bending, 
blockage, and even fracture of the catheter.23,24 Compared 
with BCV, the path of IJV cannulation is longer. Both the 
high puncture point and long catheter path will lead to 
a significant decrease in comfort after cannulation, thereby 

Table 2 Incidence of Perioperative and Postoperative Complications and Processing Measures

Complications No. (%) Incidence (per 1000 Catheter Days) Actions Taken

Artery puncture 0.92% (4/433) 0.020 Compress manually

Pneumothorax 0.23% (1/433) 0.005 None, self-limiting

Totally perioperative 1.15% (5/433) 0.025
Delayed incision healing 0.46% (2/433) 0.010 Secondary suture, Antibiotics and port removal

Catheter-related infection 0.69% (3/433) 0.015 Antibiotics and port removal

Port-related infection 1.39% (6/433) 0.030 Antibiotics and port removal
Deep vein thrombosis 0.46% (2/433) 0.010 Anticoagulation and port removal

Fibrin formation 1.85% (8/433) 0.040 Thrombolysis and port removal

Catheter bending 0.23% (1/433) 0.005 Secondary surgical adjustment
Totally postoperative 5.08% (22/433) 0.111

The overall 6.24% (27/433) 0.137
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increasing the risk of unplanned removal of the TIVAP, 
which not only causes pain to the patient but also affects 
the treatment of the disease. TIVAP implantation via the 
BCV approach was approximately 62% less likely to be 
operationally difficult than the IJV approach described by 
Beccaria et al.11

The SCV is just anterior to the subclavian artery. In the 
inner 1/3 segment of the clavicle, the top of the pleura and 
tip of the lung is behind the subclavian vein, a situation 
that can easily lead to cervical haematoma, pneumothorax 
and haemothorax as percutaneous SCV puncture.9,25 In 
one study, 2620 patients had undergone the percutaneous 
SCV method, and the risk of catheter rupture was as high 
as 2.56%, suggesting that the pinch-off syndrome (POS) is 
a high-risk factor of catheter rupture, which can lead to 
pulmonary embolism.23 An explanation may be that, when 
using the SCV approach, the catheter is placed between the 
clavicle and first rib and pressing the catheter for a long 
time causes POS.23 Additionally, the vascular path to the 
junction of the superior vena cava and right atrium is 
straight in the BCV approach; however, the connection 
between the SCV and superior vena cava is an acute 
angle.26 This difference in anatomical structure can easily 
lead to increased ectopic catheters when the percutaneous 
SCV approach is used. If the ectopic catheter is not cor-
rected, it can result in blockage and damage of the catheter 
and even rupture of blood vessels during use.

After the ipsilateral IJV and SCV converge behind the 
sternoclavicular joint to form the BCV, the diameter of the 
blood vessel increases significantly. Compared with 
the IJV and SCV, the anatomical position of the BCV is 
more fixed, the position is superficial and the diameter is 
larger, making it convenient for clinicians to puncture the 
BCV for TIVAP implantation. Additionally, using a strict 
in-plane approach and placing the ultrasound probe on the 
supraclavicular area, the best ultrasonic long-axis section 
of the BCV can be obtained. During puncture of the BCV, 
the doctor can observe the entire trajectory of the needle 
because the position of the BCV is not disturbed by the 
bone.7,8 Additionally, the route of the puncture needle is 
parallel to the pleura, decreasing the occurrence of 
pneumothorax.

Compared with the SCV approach, the BCV approach 
punctures above the clavicle, and the catheter moves 
across the top of the clavicle to avoid POS and catheter 
rupture. Additionally, the IJV, SCV and BCV form 
a special Y-shaped vascular anatomical structure.27 After 
the TIVAP was implanted using the BCV approach, the 

range of motion of the catheter changed little with the 
movement of the neck and upper limbs of the patient, 
effectively reducing the ectopic guide wire in the IJV and 
SCV. Ectopic catheters and catheter fractures were not 
observed in this study. Hyun-Jung Shin et al,6 reported 
ectopic catheters in both percutaneous IJV and SCV path-
ways under ultrasound guidance, and the ectopic catheter 
rate in the latter approach was as high as 5.9%. In this 
study, one patient had infusion disturbance on the second 
day after the operation, and chest X-ray showed catheter 
bending at the junction between the catheter and port that 
was related to the operation technique of the surgeon. 
Improper handling at the junction between the catheter 
and port, as well as the large bag made by the surgeon 
so that the port has a large range of motion and even 
rotation, may be important factors leading to catheter 
bending at the junction.2

The BCV approach is often reported in newborns 
because the diameter and length of the blood vessels of 
the IJV and SCV are too diminutive; thus, it is difficult to 
perform vascular puncture. Nevertheless, in the BCV 
approach in newborns, the left side is used more than the 
right side, with greater success.7,11,28 However, in adult 
patients, the left BCV is deeper than the right, the position 
change is also greater, and the ultrasound display is poor. 
Additionally, because the thoracic duct flows into the 
central vein through the left BCV, the right BCV is pre-
ferred to avoid chylous leakage caused by injury to the 
thoracic duct.29 However, in 72 patients who had under-
gone left BCV cannulation, thoracic duct injury was not 
observed.11 In our study, 15 patients were implanted with 
the left BCV approach, 13 due to poor ultrasonography of 
the right BCV and 2 due to the failure of the right BCV 
puncture. None of the 15 patients had thoracic duct injury.

The thoracic duct30 is formed by the confluence of the 
left and right lumbar lymphatic trunks and intestinal lym-
phatic trunks, passing upward through the abdomen, chest 
and neck, collecting lymph from the left half of the body, 
abdomen and lower extremities, accounting for approxi-
mately 3/4 of the human body’s lymph and flowing into 
the angle of the left jugular vein. The remaining 1/4 of the 
lymph is collected by the right lymphatic duct and flows 
into the right venous angle. The diameter of the thoracic 
duct is only approximately 2 mm, the wall of the thoracic 
duct is thin and transparent, the shape is tortuous, the 
confluence point varies greatly, and the ultrasound display 
is weak.31 Injury of the thoracic duct can lead to chy-
lothorax, malnutrition, impaired immune function, 
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respiratory function damage and even death. Although it 
can be conservatively treated by diet control, most thoracic 
duct ruptures require further surgical treatment.32 

Therefore, the right BCV approach is preferred in our 
study.

All 433 patients had undergone successful implantation of 
the TIVAP (100%). The success rate of the first puncture was 
94.92% (411/433). The second puncture was successful in 18 
patients (81.82%; 18/22), and the third puncture was successful 
in 4 patients (100%; 4/4) (Table 1). The central venous catheter 
(CVC) is very helpful to diagnose and treat patients, but there is 
a risk of arterial puncture and pneumothorax during cannula-
tion; thus, the number of punctures should be reduced as much 
as possible. If the third puncture is not successful, we will use 
ultrasound to evaluate and puncture the right IJV or SCV; 
however, our study showed that the 433 patients were success-
fully punctured via the BCV. Compared with the success rate 
of the first puncture (86%; 611/709) via the IJV approach under 
ultrasound guidance reported by Beccaria et al,11 we obviously 
showed a greater advantage (94.92% (411/433)). The cause 
may be related to the larger diameter of the BCV than those of 
the IJV and SCV, and the superficial position of BCV, which 
guarantee successful puncture and explain why BCV is first 
used in central venous cannulation in infants.7,33

In this study, the incidence of puncture-related compli-
cations was 1.15% (5/433). The subclavian artery was 
accidentally punctured in 4 cases, among which one had 
undergone a second right BCV puncture and another case 
had undergone a third right BCV puncture; both proce-
dures were successful. In the other two cases, due to the 
formation of local subcutaneous haematoma, the second 
puncture of the left BCV was also successful after evalua-
tion by ultrasound. The incidence of artery puncture com-
plications was 0.92% (4/433), it is within the complication 
threshold outlined in SIR guidelines.5 We think that 
TIVAP implantation via the BCV approach under ultra-
sound guidance is safer than other approaches, experi-
enced doctors have a lower incidence of accidental 
arterial puncture. One case (0.23%) developed a small 
amount of pneumothorax due to accidental puncture of 
the pleura, and a second puncture of the right BCV was 
successful. The patient did not receive special treatment 
because he showed no serious clinical symptoms and other 
serious complications related to puncture did not occur. 
Breschan et al,7 reported that the success rate of ultra-
sound-guided TIVAP via the BCV in premature infants 
was 94%; accidental puncture (1%) of the right SCA 

occurred in one 2.1-kg infant, and no other serious com-
plications related to puncture were found.

The postoperative complication rate was 5.08% (22/ 
433; 0.111/1000 catheter-days) and the overall complica-
tion rate was 6.24% (27/433; 0.137/1000 catheter-days), 
which were lower than that of ultrasound-guided cannula-
tion techniques of the IJV in the study of Tsuruta et al,2 

(the postoperative complication rate of 9.1%; 0.201/1000 
catheter-days) and Gebauer et al,34 (the overall complica-
tions accounted for 0.15 per 1000 catheter day).

Delayed incision healing occurred in 2 cases, and the skin 
of the incision was found to be broken in 1 case 2 weeks after 
the operation without swelling and exudation and healed well 
after debridement and suture. Another case had incision 
dehiscence with suppuration in the second month after opera-
tion and pain after constant pressing; the TIVAP was 
removed in advance after the failure of treatment with anti-
biotics. Skin ulcers caused by port-related infection were 
found in 6 patients, catheter-related infection occurred in 3 
patients, and the TIVAP was removed in 6 patients after 
ineffective systemic antibiotics therapy. During the follow- 
up period, there were 9 cases of complications of port-related 
infection and catheter-related infection. In the total 197,694 
catheter days, resulting in 0.045 infectious complications per 
1000 catheter days in the total of 197,694 catheter days. 
However, the data reported by Gebauer et al,34 is as high as 
0.15 per 1000 catheter days. The infectious complications 
were related to aseptic operation during operation and stan-
dardized nursing after operation. Careful operation, attention 
to catheter maintenance and regular care (once a month) are 
crucial factors to avoid unplanned TIVAP extraction.

The infusion was blocked in 2 patients due to thrombosis 
and in 8 patients due to fibrin sheath formation. The TIVAP 
was removed after ineffective thrombolytic therapy. Another 
patient had infusion disturbance 2 days after the operation, 
and chest X-ray showed bending at the connection between 
the catheter and port. However, no other serious complica-
tions occurred such as catheter rupture and drug leakage 
during follow-up. Finally, the TIVAP was removed in 14 
patients (3.23%) ahead of schedule due to postoperative 
complications. The average TIVAP carrying time was 
318.15 ± 44.22 days in this study (range: 35~521 days).

This study is a multicentre study, which strives to 
objectively evaluate the safety of supraclavicular, ultra-
sound-guided TIVAP via the BCV in adult patients. 
However, our study has some limitations. First, it is retro-
spective and non-random, and some useful information 
may be lost during the follow-up. Second, we did not 
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study whether other factors such as the patient’s BMI and 
disease type influenced the occurrence of complications. 
Finally, we only studied TIVAP implantation via the BCV 
approach without comparing other commonly used venous 
approaches (IJV and SCV). Therefore, randomized con-
trolled trials with large samples warrant further study.

Conclusion
In summary, supraclavicular, in-plane, real-time ultra-
sound-guided TIVAP implantation via the BCV is a safe 
and effective central venous cannulation method for adult 
patients. Our multicentre study revealed that the operation 
not only has a high success rate but also has low compli-
cations. Chemotherapy and parenteral nutrition can be 
provided for patients on the day of operation, and post-
operative maintenance is simple and convenient.
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