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Is ultrasound guidance necessary to avoid complications in
the implantation of venous access ports?
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ABSTRACT

BACKGROUND: The aim of this study was to present demographic information of patients undergoing totally implantable venous
access port (TIVAP) implantation and to investigate the rates of early and late complications, assessing the benefits of performing the
procedure underUS guidance.

METHODS: From May 2018 to December 2023, the outcomes of a total of 537 TIVAP implantation procedures were analyzed
retrospectively. Data of the surgeons' experiences for both puncture methods (anatomical landmarks and ultrasound guidance) are
presented in the study.

RESULTS: The average age of the patients was 53.1£1 1.9 years, and 26| (48.6%) were female. The right subclavian vein was the pre-
ferred insertion site. Fourteen patients developed early complications and | | developed late complications. Arterial puncture was the
most common early complication, while catheter-related infection was the most common late complication. The age, sex, and body
mass index of the patients were not independent risk factors for developing complications. Early complications increased as the num-
ber of puncture attempts did (p=0.034) and developed significantly less when ultrasound guidance was used during insertion (p=0.011).

CONCLUSION: The risk of developing complications was not affected by patient’s age or sex. In addition, body mass index was not
shown to be an independent risk factor for patients developing complications. It may be concluded from the study that early complica-
tions in particular can be reduced with ultrasound-guided implantation.
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INTRODUCTION

If the peripheral venous system is used in patients due to
receive cancer treatment, these patients may be subject to
repetitive cannulations and related consequences that may
impair their quality of life. An implanted venous port is a long-
term vascular access device often used to eliminate such ad-

verse effects.l'! These port systems are considered the most

appropriate method both for preventing repeated irritation
of the patient's peripheral vascular pathways and for bolster-
ing the patient's morale during the long-term treatment pro-
cess. In short, they are perceived as the most comfortable
options in oncology-based treatment processes.”*! However,
both during and in the follow-up of totally implantable venous
access port (TIVAP) implantation, some complications may

occur. These complications can be classified as either early
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complications (such as pneumothorax, arterial puncture, and
malposition) or late complications (including catheter-related
infection, thrombosis, and catheter fracture)./*®

The interest in enhancing the safety and effectiveness of To-
tally Implantable Venous Access Port (TIVAP) implantation
procedures has been growing. Techniques such as insertion
with ultrasound (US) guidance have emerged as promising ap-
proaches, aiming to reduce complications and improve proce-
dural success rates. Nonetheless, the impact of US guidance
on the complication rates of TIVAP implantation remains an
area ripe for continued research. This study aims to evaluate
the demographic information of patients undergoing TIVAP
implantation, utilizing either anatomical landmarks or US guid-
ance techniques. Furthermore, it seeks to investigate the inci-
dence of early and late complications, assessing the advantages
of conducting the procedure under US guidance.

MATERIALS AND METHODS
Study protocol

Retrospectively, 537 TIVAP implantation procedures con-
ducted between May 2018 and December 2023 were analyzed
and included in this study. The right subclavian vein (SCV)
route was utilized for these implantations. Techniques involv-
ing both anatomical landmarks and ultrasound-guided implan-
tation methods were employed. Patients whose implantation
procedures via the SCV route failed and who subsequently
underwent the procedure through alternative routes were
excluded from the study. The demographic details of the
patients, observations made during the procedures, and any
complications encountered were meticulously recorded.

The study's protocol received approval from the Ethical Com-
mittee of Istanbul University, Istanbul Medical Faculty (Deci-
sion year/no: 2023/1564). All participants were fully briefed on
the diagnostic and therapeutic procedures involved, and writ-
ten informed consent was obtained prior to their inclusion.

Port catheter insertion

Anatomical landmarks were identified using both conven-
tional percutaneous and ultrasound (US) guidance methods
before applying local anesthetic to the puncture and pocket
sites for implantation. The surgical area was sterilized with an
alcoholic chlorhexidine solution. Venous access was achieved
using an 18G needle, through which a 0.088 mm J-tipped
flexible wire was inserted and subsequently removed. An 8-F
dilator was passed over the wire, which was then removed,
and a 7.5-F catheter was inserted through the dilator toward
the subclavian vein (SCV) and advanced to the cavoatrial junc-
tion. The catheter length, determined by the patient’s height
and thoracic surface measurement, ranged from 14 to 19 cm
during the initial clinical implantation phase. The electrocar-
diography (ECG) technique became the preferred method to
confirm the catheter tip's position near the atrio-caval junc-
tion. A pocket for the port chamber was formed 2 cm below
the clavicle, where the port chamber was placed and secured
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with sutures. The incision length varied between 2 to 4 cm.
The proximal tip and the port chamber were connected by
subcutaneous tunneling.

In the US-guided method, a 7.5 MHz superficial real-time US
probe (Aloka Prosound Alfa 7 sonography machine; 10-14
MHz Linear probe) was employed. The probe, covered with
a sterile sheath, was positioned parallel to the infraclavicu-
lar area to differentiate the vein from the artery by its non-
pulsatile nature and change in diameter upon compression.
Following the procedure, chest X-ray radiography was per-
formed for all patients to confirm the catheter’s placement
and to check for early complications.

Statistical Analysis

Data on patient demographics, number of puncture attempts,
insertion methods, and complications were meticulously col-
lected. Each variable's association with complications was
assessed using Fisher’s exact test or the Chi-square test in
two-tailed univariate analyses. The independent T-test was
utilized to explore the relationship between complications
and patient demographics, specifically age and body mass in-
dex (BMI). Additionally, a stepwise backward logistic regres-
sion model was applied in the multivariate analysis to discern
significant associations, with early complication designated as
the dependent variable. The results were presented with a
95% confidence interval, and a P-value <0.05 was considered
to indicate statistical significance. All statistical analyses were
performed using the Statistical Package for the Social Scienc-
es (SPSS) version 21.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

The mean age of the patients was 53.1+11.9 years, with a
range from 28 to 75 years. The average body mass index
(BMI) was 24.915.1, spanning from 16 to 51. Of the partici-
pants, 26| (48.6%) were female and 276 (51.4%) were male.
Successful insertion on the first puncture attempt occurred
in 223 (41.5%) cases, whereas the remainder, 314 (58.5%),
required a second or subsequent attempts. The conven-
tional anatomical landmark method was used for 256 (47.8%)
punctures, and ultrasound (US) guidance was utilized in 28I
(52.2%) punctures. In total, 25 patients developed compli-
cations, including 14 early and |1 late complications. These
outcomes, along with demographics and observations during
the procedures, are summarized in Table |.

Early complications detected during or immediately after the
procedure included seven arterial punctures, four pneumo-
thoraxes, and three malpositions. Arterial punctures, while
common, did not necessitate further intervention beyond
minimal compression, indicating their minimal impact on pro-
cedure continuation. All arterial punctures resolved with sim-
ple pressure application, requiring no additional intervention.
Of the pneumothoraxes encountered, two were minimal and
resolved spontaneously, whereas two necessitated hospital-
ization and thoracic tube drainage. One case, in a patient with
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Table I. Demographics of patients, complications
Total=537 n %
Mean age, range 53.1 (x11.9) (28-75)
Mean body mass index, range 24.9 (£5.1) (16-51)
Sex
Male 276 514
Female 261 48.6
Number of punctures
| 223 41.5
22 314 58.5
Insertion method
Anatomic landmark 256 47.8
Ultrasound 281 522
Early complications 14 2.6
Arterial puncture 7 1.3
Pneumothorax 4 0.7
Malposition 3 0.6
Late complications I 2.1
Catheter related infection 8 1.5
Mild 5 0.9
Severe 3 0.6
Catheter fracture 2 0.4
Deep vein trombosis | 0.2
Overall complication 25 4.7

a 70-year smoking history, presented a persistent air leak and
massive pneumothorax, recurring even after initial thoracic
tube drainage. (Fig. 1).This case was ultimately resolved on
the 14th day with the introduction of a digital tube drainage
system (Medela) and a blood patch material injection through
the drainage tube, leading to the removal of the system
without further complications. Catheter malpositions were
corrected using conventional angiography, facilitating proper
placement. (Fig. 2)

Late complications comprised eight catheter-related infec-
tions, two catheter fractures, and one vein thrombosis. Of

Figure 2. MIE)bsition into the jugular vein.
the eight catheter-related infections, symptoms in five cases
regressed with oral antibiotic treatment alone, negating the
need for further intervention. However, three cases present-
ed with severe local wound infections and/or signs of septi-
cemia, necessitating catheter removal and hospitalization for
intravenous antibiotic therapy due to escalating infection.

Despite initial confirmations of correct catheter placement
via early X-rays, two instances of catheter fracture (pinch-
off syndrome) were later identified through follow-up X-rays
and additional computed tomography, after the obstruction
was noted during the second chemotherapy regimen infusion.
The fractured catheter segments were successfully extracted
from the right ventricle with the aid of conventional angiog-
raphy, and the associated port chambers were also removed.
(Fig. 3) Subsequently, treatment for these patients continued
via peripheral venous access.

Among the 25 noted complications, seven (1.3%)—including
two pneumothoraxes, three catheter-related infections, and
two cases of pinch-off syndrome—required significant inter-
vention leading to hospitalization.

—

Figure 1. (A) Massive pneumothorax, (B) Resolved pneumothorax in the X-ray, (C) Repeated pneumothorax after removing the drainage

tube.
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Figure 3. (A) Pinch-off syndrome due to chronic compression between the clavicle and the first rib (X-ray imaging), (B) Part of a fractured
catheter is seen in the heart on a computed tomography scan, (C) Fractured part of a catheter removed under angiography from the right
ventricle.

In the cohort of patients who developed complications, nei-
ther age nor sex was identified as a risk factor for the onset
of complications. Although a high BMI was found to be a risk
factor for early complications in univariate analysis (p=0.049),
it was not significant in multivariate analysis (p=0.26). An in-
creased number of puncture attempts was significantly associ-
ated with the development of early complications (p=0.029).
Furthermore, US guidance during the puncture process was
found to significantly decrease the risk of early complications

Table 2. Factors associated with complications

(p=0.018). No determinants were identified for the develop-
ment of late or overall complications.

Multivariate analyses revealed that the number of puncture
attempts significantly increased the risk of early complica-
tions, while US guidance significantly decreased this incidence.
Specifically, a puncture number of two or more, compared
with one, resulted in a 3.39-fold increased risk of early com-
plications, while US guidance was associated with a 4.16-fold
reduction in risk (Tables 2 and 3).

Early complications

Late complications Overall complications

n (%) p n (%) p n (%) p

Mean age, (Complication no/yes) 53.5/51.8 0.06 53.2/52.5 0.24 53.3/52.1 0.14
Mean body mass index, (Complication no/yes) 24.7/25.8 0.049 25.024.7 0.43 24.8/25.1 0.32
Male 8 (2.9%) 0.44 4 (1.4%) 0.24 12 (4.3%) 0.44
Female 6 (2.3%) 7 (2.7%) 13 (5.0%)
Number of punctures

I 2 (0.9%) 0.029 5(2.2%) 0.51 7 (3.1%) 0.11

22 12 (3.8%) 6 (1.9%) 18 (5.7%)
Insertion method

Anatomic landmark Il (4.3%) 0.018 5 (2.0%) 0.56 16 (6.3%) 0.07

Ultrasound 3 (1.1%) 6 (2.1%) 9 (3.2%)
Table 3. Multivariate logistic regression analysis on significant parameters for early complications

OR 95% C.l. EXP(B) p
Lower Upper

Compared with body masss index <25

>25 1.24 0.94 1.96 0.26
Compared with | puncture

22 339 0.91 7.8l 0.034
Compared with ulrasound

Anatomical landmark 4.16 .14 10.08 0.011
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DISCUSSION

Many studies in the literature have evaluated the factors that
cause complications related to port catheter implantation in
cancer patients. However, conflicting results have been ob-
tained regarding the possible risk factors for complications.
For example, some studies have found a significant associa-
tion between the increasing age of patients and an increased
risk of infection, while others have argued that there is no
such association.”'”! In our study, there was no association
between patient age and the frequency of complications. Al-
though some studies concluded that a high body mass in-
dex (BMI) would increase the risk of complications, others
associated an increased pneumothorax risk with a low BMI.
U121 In the current study, although there was an association
between high BMI and increased risk of complications in uni-
variate analysis, no such association was found in multivariate
analysis.

The literature shows a significant relationship between the
increasing number of puncture attempts and increasing com-
plication rates. Consistent with this, the current study re-
vealed a similar association between the number of puncture
attempts and increased early complication risk. In addition,
there is evidence that implantation using ultrasound (US)
guidance might provide a decreased rate of complications.
In this study, a similar correlation was found between punc-
ture following US guidance and a lower early complication
incidence. This suggests that US-guided implantation is more
likely to be used to prevent early complications.!'’]

The percutaneous approach remains the most commonly
utilized technique for TIVAP implantation, yet immediate
complications persist despite specialists' endeavors. Clinical
experience is recognized as paramount in mitigating compli-
cations associated with the percutaneous approach.'! This
method, practiced extensively over time, has demonstrated a
high level of expertise and minimal complication rates. Previ-
ous investigations have reported complication rates ranging
from 1.8% to 30.2% attributed to TIVAP implantation.!'""] No-
tably, the complication rate observed in this study period for
surgeons was 4.7%, indicative of a commendably low rate at-
tributable to the proficiency of the high-level training center.
Pneumothorax is acknowledged as the most severe complica-
tion linked to the traditional anatomical landmark approach,
with interventional radiologists reporting an incidence of
1-2.5%, whereas surgeons report rates of 2.4%—4.3%.l'*% In
our study, only 4 (0.7%) patients experienced pneumothorax,
with 2 necessitating thoracic tube drainage and hospitaliza-
tion. Literature findings suggest that utilizing US guidance and
the jugular vein routing can maintain a low port catheter mal-
position rate of 1.1%.2"1 In our study, malposition occurred
at a rate of 0.6% in the entire patient cohort when employing
the SCV route. Across studies encompassing diverse disease
groups and implantation routes, infection rates attributed
to TIVAD implantation range from 6.6% to 14%.2>%! For in-
stance, a study involving 2996 breast cancer patients who un-
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derwent TIVAD implantation reported an infection incidence
of 1.6%.4 In our study, the infection rate stood at 1.5%, with
no identifiable predictor for late complications following TI-
VAP implantation. Catheter fracture (pinch-off syndrome), a
rare complication resulting from mechanical compression of
the catheter between the clavicle and the first rib in SCV
catheterization, was previously documented in our research,
with five instances associated with TIVAP implantation via the
right SCV.®! During the current study, two catheter fractures
were observed, and the same removal methods for fractured
catheter segments under angiography were employed.

The limitation of our study arises from its retrospective de-
sign and limited number of patients. Furthermore, the study
did not investigate the effects of some factors that might af-
fect port complications, such as the use of additional, poten-
tially nutritional treatment products.

CONCLUSION

The implantation of a totally implantable port catheter is a
valuable tool in the treatment of cancer patients; however,
complications may arise during insertion or subsequent fol-
low-up. Our findings suggest that the incidence of complica-
tions is not influenced by a patient’s age or sex. Furthermore,
utilizing ultrasound guidance during insertion was associated
with a decreased rate of complications, particularly early
complications. Therefore, prioritizing ultrasound-guided im-
plantation may help mitigate the risk of complications.
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AMAGC: Bu galismanin amaci, tamamen implante edilebilir venéz erisim portu (TIVAP) implantasyonu yapilan hastalarin demografik bilgilerini sun-
mak, erken ve ge¢ komplikasyon oranlarini arastirmak ve islemin ultrasonografi (US) kilavuzlugunda yapiimasinin faydalarini degerlendirmektir.
GEREC VE YONTEM: Mayis 2018 ile Aralik 2023 tarihleri arasinda 537 TIVAP implantasyon prosediiriiniin sonuglari retrospektif olarak analiz
edildi. Calismada cerrahlarin her iki ponksiyon yéntemi (anatomik isaretler ve ultrason kilavuzlugu) icin deneyimlerine iliskin veriler sunulmustur.
BULGULAR: Hastalarin ortalama yasi 53.1%11.9 yildi ve 26 1'i (%48.6) kadindi. Sag subklavyen ven tercih edilen giris yeriydi. On dort hastada erken
komplikasyon ve | | hastada geg komplikasyon gelisti. Arteriyel ponksiyon en sik goriilen erken komplikasyon iken, kateterle iliskili enfeksiyon en sik
gorlilen geg komplikasyondu. Hastalarin yasi, cinsiyeti ve viicut kitle indeksi komplikasyon gelisimi icin bagimsiz risk faktorleri degildi. Erken komplikas-
yonlar ponksiyon girisim sayisi arttik¢a daha fazla goriildii (p=0.034) ve ultrason kilavuzlugu kullanildiginda anlamli olarak daha az goriildi (p=0.011I).
SONUC: Komplikasyon gelisme riski hastanin yasi veya cinsiyetinden etkilenmemistir. Ayrica, vicut kitle indeksinin komplikasyon gelisen hastalar
icin bagimsiz bir risk faktori olmadigi gésterilmistir. Calismadan, ultrason kilavuzlugunda implantasyon ile &zellikle erken dénem komplikasyonlarin

azaltilabilecegi sonucu gikarilabilir.

Anahtar sézcikler: Kemoterapi; komplikasyon; total implante edilebilir venoz erisim portu; ultrasonografi.
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