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Objective: The aim of this work was to describe the early and late success rates of cephalic vein cut down (CVC)
in the implantation of totally implantable venous access ports (TIVAP) for chemotherapy treatment in oncological
patients.
Methods: This was a retrospective study of 1 047 TIVAP performed in a private institution between 2008 and
2021. The CVC with pre-operative ultrasound (PUS) was the initial approach. All cephalic veins (CVs) were
mapped pre-operatively with Doppler ultrasound, measuring their diameter and course in oncological patients
who required a TIVAP.With a CV diameter � 3.2 mm TIVAP was carried out by CVC; with CV diameter < 3.2 mm,
subclavian vein puncture (SVP) was performed.
Results: 1 047 TIVAPs were implanted in 998 patients. The mean age was 61.5 � 11.5 years, 624 were women
(65.5%). Male patients were significantly older and with a higher incidence of colonic, digestive system, and
laryngeal cancer. Initially, TIVAP was indicated in 858 cases (82%) by CVC and 189 (18%) by SVP. The success rate
was 98.5% for CVC and 98.4% for SVP. There were no complications for CVC (0%) but five early complications
(2.5%) in the SVP group. The rates of late complications were 4.4% in the CVC group and 5.0% in the SVP group,
foreign body infection being the most frequent (57.5% of the cases) (p ¼ .85).
Conclusion: The CVC or SVP using PUS for TIVAP deployment, performed through a single incision, is a safe and
effective technique. This open but minimally invasive technique should be considered in oncological patients.
� 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Keywords: Complications, Cephalic Vein Cut down, Pre-operative ultrasound, Success rate, Totally implantable

venous access ports
INTRODUCTION

Niederhuber et al.1 performed the first totally implantable
venous access port (TIVAP) in 1982 by cephalic vein
cut down (CVC). Biffi et al.2 reported how the
technique evolved regarding ports and catheters,
with increasing popularity of percutaneous access.
Nowadays, many groups have adopted the percutaneous
approach, despite success rates < 90%, according to
Hüttner et al.,3 and the very low intra-operative morbidity
of CVC.4 In 2006 Chen et al.5 promoted the CVC technique
but using pre-operative ultrasound (PUS) to characterise
the cephalic vein (CV), as well as its course and drainage
into the AV prior to deploying the port, improving the
success rate.

The > 10 year experience with TIVAP implant through
CVC is reported here.
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PATIENTS AND METHODS

Between January 2008 and December 2021, all cancer pa-
tients attending the Department of Angiology and Vascular
Surgery requiring TIVAP were assessed. All patients pro-
vided signed informed consent for the procedure.

Generally, the left side was chosen except for left handed
patients, previous breast surgery on the left side with and
without lymphadenectomy, and previous TIVAP or pace-
maker insertion.

With the patient in supine position the CV was dis-
played by means of a 7.5 e 10 MHz probe of MyLab50
(Esaote, Florence, Italy) Doppler ultrasound at the level of
the deltopectoral fold, registering its diameter, course, and
the patency of the CV to axillary vein (AV) junction. The CV
was considered suitable if it was patent throughout its
course up to the AV and its diameter was � 3.2 mm. A
NuPort HP* (PHS Medical, Watertown, SD, USA) device
with a single chamber titanium port and silicone catheter
with an external diameter of 9.6F (z 3.2 mm) was used.
In patients with < 3.2 mm CV, the implant was performed
via subclavian vein puncture (SVP) through the same
incision.
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Table 1. Demographics and characteristics of the 998 implanted
totally implantable venous access ports, comparing male and
female patients.

Male Female p
Gender 374 (37.5) 624 (62.5)
Age e y, mean 65.2 � 10.8 59.3 � 11.4 <.001
Neoplasms
Breast 1 (0.3) 309 (49.5) -
Colorectal 155 (41.4) 139 (22.3) <.001
Lung 54 (14.4) 50 (8) <.001
Digestive* 99 (26.5) 55 (8.8) <.001
Genito-urinary 33 (8.8) 54 (8.7) <.001
Larynx 13 (3.5) 2 (0.2) <.0001
Haematological 14 (3.7) 11 (1.8) <.001
Other 5 (1.3) 4 (0.6) <.001

Data are presented as n (%) or mean � standard deviation.
* Pancreas, oesophagus, stomach, liver.
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The procedure by CVC was performed in the operating
room. Through a 3 e 4 cm incision in the deltopectoral fold,
the CV is dissected and controlled with vessel loops, a
longitudinal venotomy is made, and the catheter is intro-
duced with the help of the pic vein, without a guidewire or
a sheath, until its distal end is lodged in the cava-atrial
confluence confirmed by radiological control with a BV
Bracelet C arm (Philips, Amsterdam, The Netherlands), vis-
ualising the track of the catheter. The catheter is fixed by
vein ligation proximal to the venotomy, to avoid retrograde
bleeding and possible subsequent displacement. The port is
lodged in a preformed subcutaneous pocket anterior to the
pectoralis major muscle. Reflux is checked through the
Huber needle, the system is sealed, and the incision is
closed in a standard fashion.

For implantation by SVP, the Seldinger technique was
used, with anatomical landmarks as references, with the
same single incision as for the CVC, unlike the regular
percutaneous technique, which requires two incisions and
tunnelling, and using a micropuncture set (AngioDynamics)
with a 21 gauge needle, a 0.035 inch guidewire, and a split
sheath. The rest of the technique was the same as described
above, except that the catheter was fixed to the muscular
plane to avoid subsequent displacements.

The success rate was defined as the percentage of the
number of successful functioning implants and the number
of implants attempted.

The patients were followed until their death or end of the
study (31 March 2022). Data were collected by reviewing
the medical records and annual telephone calls. No patients
were lost to follow up during the study.

All PUS scans, and surgical and percutaneous in-
terventions were performed by the same vascular surgeon.
Statistical analysis

Qualitative and quantitative variables were reported using
number and percentage, mean � standard deviation (SD).
Chi-square, Fisher’s exact test, the and t-test were used for
analysis. A p value < .05 was considered statistically sig-
nificant. All statistical analyses were performed with SAS 9.4
for Windows statistical software, (SAS Institute, Inc., Cary,
NC).
RESULTS

From January 2008 to December 2021, 1 000 patients were
assessed in the Department. Two patients were excluded
due to an intrathoracic tumour that rendered either tech-
nique impossible. Therefore, the present study includes 998
patients: mean age 61.5 � 11.5 years, and 624 (62.5%)
women. Table 1 details the clinical characteristics. Men
were significantly older and had a higher incidence of
colonic, digestive and laryngeal cancers (Table 1). In 46
patients (4.6%) more than one TIVAP was needed due to
tumour recurrence or appearance of new neoplasms.
The PUS findings showed an average diameter of 3.6 �
0.9 mm. Eight hundred and fifty-eight (82.0%) had a
diameter � 3.2 mm, suitable for TIVAP by CVC. In 54 cases
(5.2%) the CV was absent. In 128 cases (12.2%) the diam-
eter was < 3.2 mm, and in seven (0.6%) there was no
continuity with AV, consequently SVP was required. In 890
cases (85.0%) the left side was selected and in 157 patients
(15.0%) the right side: 90 cases (57.3%) because of breast
surgery with and without left axillary lymphadenectomy, 45
cases (28.7%) due to previous left implant of pacemakers or
TIVAP, 19 (12.1%) were left handed patients and in three
(0.2%) for other reasons. Figure 1 shows the general dis-
tribution of implants observing that in 13 cases (1.5%) the
CV had a diameter < 3.5 mm and the catheter could not be
inserted by CVC, due to venous spasm, thus the TIVAP was
made by SVP.

The success rate for CVC was 98.5%, similar for left
(98.6%) and right (96.8%) CV (p ¼ .11). In three cases of SVP
the catheter could not be inserted due to critical stenosis of
superior vena cava secondary to an intrathoracic tumour or
an arterial injury. The port was implanted via the great
saphenous vein of the right lower extremity or via the right
internal jugular vein. Thus, SVP success rate was 98.4%. No
differences were found between procedures (p ¼ .49). On
the 13 occasions that the technique had to be reversed
from CVC to SVP the operating time increased by 4.5 � 2.6
minutes.

There were five (0.5%) early complications, all of them
after SVP: four pneumothorax, one requiring pleural
drainage, and an arterial lesion that required endovascular
repair and subsequent TIVAP via the internal jugular vein.
Thus, SVP showed higher complication rate than CVC (p <
.001). There was no intra-operative death for either tech-
nique. There were 47 late complications (4.5%), with device
infection being the main cause in 21 cases (44.7%), and
deep venous thrombosis in 12 (25.5%). There were no
catheter dislocations or pinch off syndrome. Again, no
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CV: Cephalic vein - SV: Subclavian vein - RCV: Right cephalic vein - LCV: Left cepahalic vein
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(*) Implantation via right internal jugular vein

Figure 1. Flow chart describing the technique used for totally implantable venous access port implant and outcomes. CV ¼ cephalic vein;
SV¼ subclavian vein; RCV ¼ right cephalic vein; LVC ¼ left cephalic vein; RSV ¼ right subclavian vein; LSV ¼ left subclavian vein. *Im-
plantation via right internal jugular vein.
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statistically significant differences were found between
techniques (p ¼ .85) (Table 2).
DISCUSSION

This study highlights the good outcomes with very low
complication rates of single incision cephalic cut down or
SVP for implantation of TIVAP.

This technique is simple, safe, avoids the second incision
and the tunnelling required for the percutaneous approach,
and has comparable technical success, with even lower
Table 2. Surgical outcomes of the 998 implanted totally implantable ven
vein puncture.

CVC (n ¼ 846)
CV diameter e mm 3.9 � 2.6
Time of surgery e mo 24.4 � 3.2
Success rates 98.4
Complications

Early 0
Pneumothorax e
Arterial injury e
Nerve injury e

Late 37 (4.4)
Deep venous thrombosis 10 (1.2)
Catheter or port infection 17 (2.0)
Catheter obstruction 8 (0.9)
Skin erosion 1 (0.1)
Flip over e
Others 1 (0.1)

CVC ¼ cephalic vein cut down; SV ¼ subclavian vein puncture; CV ¼
early complication rates. PUS helps improve the selection of
the technique and the outcome. The widespread use of
percutaneous techniques with loss of classic surgical skills6

is an increasing concern in current training, and simple
cephalic cut down procedures should be taught and dis-
cussed with the patient, alongside endovascular options.

The main limitation for CVC is CV diameter variability at
the deltopectoral fold. The average diameter of the CV is 3.1
e 3.9 mm;7,8 in this series the average diameter was 3.6
mm. Furthermore, the CV is absent in 2.5 e 18%;9,10 in this
ous access ports, comparing cephalic vein cutdown with subclavian

SVP (n ¼ 201) p value
2.1 � 1.3 <.001
23.7 � 3.3 <.001
99.5 <.001

5 (2.5) <.001
4 (2.0)
1 (0.5)
e
10 (5.0) <.001
2 (1.0)
4 (2.0)
2 (1.0)
e
1 (0.5)
1 (0.5)

cephalic vein; SD ¼ standard deviation.



Figure 2. Control chest Xrays after totally implantable venous access port implant showing less curvature of the catheter on the left side.
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study the CV was absent in 5.2% of patients. The CV
diameter considered too small or as a threshold for indi-
cation or contraindication varies in the literature from < 3.0
mm9,11,12 to < 3.2 mm;8 the latter was considered in the
indication for one or another technique but can vary in
other centres.

CV cutdown is the first choice because it uses an
anatomical pathway avoiding possible venous puncture
complications (pneumo/haemothorax, arterial or nerve
injury). This route is supported by Fan et al.13 and Granziera
et al.,14 and by two meta-analyses by Atti et al.15 and Benz
et al.16 with more than 35,000 patients, which concluded
that CVC is the best access for deploying pacemakers, which
can be transferred to TIVAP. The left side is chosen as most
people are right handed and the continuous movement of
the right shoulder joint and the passage of the catheter
through the costoclavicular space may cause some le-
sions;17 in addition, on the left side, the angles are
smoother than on the right side18 (Figure. 2). The right side
is mandatory for patients with previous left breast surgery,
although there are authors such as Isom et al.,19 who
Table 3. Success rates of totally implantable venous access ports
published between 2011e2020 using cephalic vein and
subclavian vein access.

First author Year CV e % SV e %
Hüttner3 2020 75.6 87.5
Ertel28 2017 90.1 92.3
Matiotti-Neto39 2017 86.0 96.3
Hsu40 2016 80.0 84.0
Otsubo11 2016 93.7* n/a
Klaiber41 2015 80.0 90.0
Granziera14 2014 85.3 93.8
Biffi2 2014 79.0 99.3y

Dauser42 2012 87.1 94.6
Knebel43 2011 85.0 99.0y

Current study 98.5* 99.5

CV ¼ cephalic vein; SV ¼ subclavian vein; n/a¼ not available
* Pre-operative ultrasound.
y Intra-operative ultrasound.
suggest that SVP could be performed without increasing
complications.

The use of PUS for TIVAP by CVC has increased its success
rate from 71.0%20 to 97.2%.11 The success rate was 98.5%.
Toro et al.21 in a review of 17 496 procedures concluded
that the CVC, even without PUS, remains the only technique
without early complications. CV spasm according to some
authors22 was the cause of failure in 7.5% of patients,
however it was only experienced in 1.7% of the cases in this
series. Moreover, if CVC has an initial failure, SVP can be
performed through the same incision achieving 99.8% suc-
cess as Di Carlo and Toro23 demonstrated.

Success rates using SVP have also varied from 80.9%24 to
96.3%.25 When using intra-operative ultrasound, rates
range from 95.0%26 to 99.7%14 or 100.0%.27 It is suggested
that the CVC approach plus PUS equates to SVP regardless
of intra-operative ultrasound. Table 3 shows the success
rates published in the last 10 years by authors using both
techniques.

In the literature review, peri-operative complications by
CVC range from 0% e 5.0%.11,14,20,28,29,30 Early complica-
tions of SVP varied from 1.1%3 e 16.6%.14,31 When PUS is
added, the percentages are not only reduced but, in some
cases, negligible.32,33
Table 4. Complication rates of totally implantable venous access
ports published between 2011e2020 comparing cephalic vein
and subclavian vein access.

First author CV SV
Year EC e % LC e % EC e % LC e %

Pérez44 2020 1.3 15.4 3.9 8.0
Matiotti39 2017 4.1 4.6 5.3 5.7
Alsfasser45 2016 2.0 4.9 2.0 9.6
Granziera14 2014 0 13.7 16.6 10.8
Biffi2 2014 1.5 0 8.0 10.5
Dauser42 2012 0 1.2 3.7 3.3
Knebel43 2011 0 15.1 6.1 18.4
Current study 0 4.4 2.5 5.0

CV¼ cephalic vein; SV ¼ subclavian vein; EC ¼ early complication
(<30 days); LC ¼ late complication (�30 days).
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In the CVC group there were 4.4% late complications in
this study. Previous literature reports late complication
rates of 1.9% to 15.7%.34,35 In the SVP group late compli-
cations vary between 2.7 and 15.0%.36e38 In the present
study late complications were 5%. Device infection was the
main complication in most studies.37 Table 4 details the
complication rates reported in the last decade.

This study has some limitations. It was a retrospective
single centre one arm cohort study, and all procedures were
performed by the same surgeon, so external validity may be
limited. Perhaps the main strength lies in the high number
of patients assessed and the complete follow up of the
cohort.

Conclusion

The CVC or SVP, using PUS for TIVAP deployment, performed
through a single incision, is a safe and effective technique,
and should be considered in oncological patients.
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