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Abstract 

Background: Implantable vascular access devices (IVADs) provide durable routes for administering long-term treat-
ments in patients. However, their associated complications pose a problem. One technique variation that can influ-
ence complication rates is the method of securing the IVADs, which is either by ligation or a purse-string suture.

Objective: To compare the two port-a-cath securing techniques, ligation and purse string, in terms of complication 
rates and types.

Study design: We prospectively included 67 paediatric patients who had port-a-cath insertions secured either 
by ligation or a purse-string suture at Salmaniya Medical Complex in Bahrain from January 2018 to June 2021. We 
recorded demographics, diagnoses, port-a-cath site of insertion and securing technique, operative time, follow-up 
duration, and complications. Patients who had previous port-a-cath insertions or other chemotherapy lines were 
excluded.

Results: Port-a-caths were secured by ligation in 35 cases and by a purse-string suture in 32 cases. There were 58.9% 
males and 41.8% females; sex was not correlated with complications (P = 0.11). Patients’ ages ranged from 2 months 
to 13 years. The overall complication rate of port-a-cath insertions was 16.42%. Complications occurred in 25.7% of 
ligation-secured port-a-caths and 6.3% of purse-string-secured port-a-caths. In the ligation-secured IVADs, complica-
tions included malfunction, infections, removal difficulty and blockage, malposition, and haematoma. Meanwhile, 
only leakage occurred in the purse-string-secured IVADs.

Conclusion: The port-a-cath securing technique was significantly correlated with complication rates. The complica-
tion types and rates in purse-string-secured catheters were lower than those reported in the literature. Leakage was 
the only complication that occurred in purse-string-secured port-a-caths.
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Background
Implantable vascular access devices (IVADs) are a dura-
ble type of central venous access. In paediatric patients, 
port-a-caths are particularly useful in managing oncology 
patients who require prolonged intravenous treatment 

[1]. This eliminates the discomfort patients experience 
from frequent venepunctures [2]. The established port-a-
cath may then serve as a route of administering chemo-
therapeutic agents, fluids, and parenteral nutrition as 
well as a route to sample blood for investigations [1]. In 
children, the internal jugular vein has been reported to 
be a more favourable site of cannulation due to fewer 
anatomical variations of the vein between individuals 
along with higher chances of it having a larger size [3, 4].
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The introduction of IVADs has significantly reduced 
complication rates in comparison with using tunnelled 
central catheters [5–7]. However, complications still pose 
a problem even with the use of IVADs [8]. Intraoperative 
complications include risks of pneumothorax, haemor-
rhage, and mispositioning. Meanwhile, potential postop-
erative complications include infections, dislodgement, 
venous thrombosis, and stenosis.

The occurrence and rates of complications may be asso-
ciated with disease-related factors, insertion technique, 
or the procedure [9, 10]. Hence, technique variations can 
influence complication rates. One factor related to tech-
nique variations is the IVAD anchoring strategy used to 
seal the port. IVADs may be secured using upper ligation 
of the venotomy or a purse string. The main advantage of 
using the purse-string technique is that it is vessel spar-
ing, which allows the restoration of the patency of the 
neck vessels after removing the catheter [11, 12]. How-
ever, to our knowledge, there have been no studies com-
paring complication rates of the two sealing techniques: 
ligation and purse string.

Objective of the study
In this study, port-a-caths were surgically inserted using 
either the right internal or external jugular veins, and the 
two anchoring techniques, ligation and purse string, were 
compared in terms of complication rates and types.

Materials and methods
We prospectively included a total of 67 paediatric oncol-
ogy patients who had a port-a-cath insertion at the Pae-
diatric Surgery Unit at Salmaniya Medical Complex 
in Bahrain between January 2018 and June 2021. We 
included all paediatric oncology patients at or less than 
14 years of age who underwent open port-a-cath inser-
tion by paediatric surgeons except those with a history 
of previous port-a-cath insertion or those who had other 
types of chemotherapy lines. Port-a-caths were inserted 
by paediatric surgeons using the open technique, as per 
the hospital protocol, which had more experience using 
open insertions.

Choice of port‑a‑cath insertion site
Most patients had their port-a-caths inserted in the right 
internal jugular vein (IJV), while only older children 
underwent port-a-cath insertion through the right exter-
nal jugular vein (EJV) due to the larger vein calibre in 
older children, which permits use of the EJV.

Technique selection method
Port-a-caths were secured using either the ligation 
or purse-string technique to compare and contrast 
rates and types of complications using each of the 

techniques. The technique used for patients was deter-
mined solely by the operating surgeon’s preference.

Operative technique
Open surgical insertion of the port-a-cath was con-
ducted under general anaesthesia. A 2-cm-long hori-
zontal incision was made 3.5 cm above the clavicle. 
Then, the subcutaneous tissue and the platysma were 
split, and the medial and lateral bodies of the sterno-
cleidomastoid muscle were divided at the fossa supra-
clavicularis minor, where the internal jugular vein 
was exposed and two sutures for ligation were applied 
around the vein distal and proximal to the site of 
venotomy. These sutures were kept in place on standby 
(without performing the actual ligation) until the cath-
eter was inserted at a later stage. Next, a small incision 
was made according to the size of the port chamber fol-
lowed by blunt dissection to create a pouch for the port 
chamber 3.5 cm below the clavicle. The chamber was 
fixed at the pectoral fascia using absorbable sutures. 
Then, the catheter was tunnelled subcutaneously until 
it reached the cervical wound, the length of the cath-
eter was measured, and the catheter was cut to a suit-
able length if needed. Then, the catheter was inserted 
through a venotomy and secured by ligation or purse 
string in cases where the port-a-cath was inserted in 
the internal jugular vein and ligation in cases where it 
was inserted in the external jugular vein. The position 
of the catheter was confirmed by X-ray. In cases where 
the external jugular vein was used, there was no need 
to expose the sternocleidomastoid muscle, as the vein 
is located in the subcutaneous layer just below the skin. 
Then, the catheter was tested by aspirating blood and 
flushing with 3–8 ml of heparinized saline solution (100 
IU/ml). Finally, the wound was closed using an absorb-
able suture.

The data collection included patient age and sex, diag-
nosis, site of insertion of the port-a-cath (right internal 
jugular vein or right external jugular vein), technique 
used to seal the port-a-cath (ligation or purse string), 
operative time, follow-up duration, and complications. 
Complications were defined as early if they occurred 
before 30 days following port-a-cath insertion and late if 
they occurred at or 30 days after the insertion. The data 
were collected initially on an Excel spreadsheet.

Statistical analysis was conducted using SPSS statistics 
software, version 27 (IBM Corp., Chicago, IL, USA). With 
regard to descriptive analyses of categorical and continu-
ous variables, frequency tables, means, and ranges were 
used. Correlations between variables were assessed using 
chi-square tests, and significance was deduced if p-values 
were 0.05 or less.
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This study was granted ethical clearance by the respon-
sible ethical committee: Ministry of Health’s Research 
Committee.

Results
Of the 67 patients, 35 underwent ligation distal and prox-
imal to the venotomy site to secure the catheter, while 
32 had the port-a-cath secured using a purse string. The 
sample consisted of 39 males (58.9%) and 28 females 
(41.8%). Children’s ages were a mean of 4.4 years, ranging 
from 2 months to 13 years of age (Table 1). No significant 
correlation was found between the occurrence of compli-
cations and age (P = 0.056) or sex (P = 0.11).

Patients’ diagnoses were either oncological or nonon-
cological (indicated by pre-existing medical conditions) 

(Table 2). Diagnoses that indicated port-a-cath insertions 
were not associated with complication rates or types in 
paediatric patients (P = 0.76).

A total of 11 complications out of 67 port-a-cath 
insertion cases (16.42%) occurred following port-a-
cath insertion using both securing techniques. Of 
these, 9 complications occurred at an early stage (less 
than 30 days following insertion), and only 2 complica-
tions (18.18%) occurred at a later stage (at or 30 days 
after the insertion). The late complications consisted of 
removal difficulty and blockage, which only presented 
during the removal of the port-a-caths. Reinsertion of 
the port-a-cath was performed for 7 of the complica-
tions, while conservative management was used in the 
case of 1 haematoma and 1 infection, and in the 2 cases 
with removal difficulty complications, port-a-caths were 
no longer needed. Of the 11 complications, 9 (25.7%) 
occurred using the ligation method of securing, while 2 
(6.3%) occurred using the purse-string method of secur-
ing (Table 3). The technique of securing used (ligation or 
purse string) was significantly correlated with the occur-
rence of complications (P = 0.032). However, there was 
no correlation between the port-a-cath securing tech-
nique and the type of complication (P = 0.38).

Discussion
Vascular access is more challenging to achieve in pae-
diatric patients because their vessels are smaller, more 
mobile, and have more anatomical variations [3, 4, 13]. In 

Table 1 Demographic parameters and site of port-a-cath 
insertion

Parameter Frequency (%)

Age
 Mean (range) 4.4 years ± 3.14 

(0.17–13 years)

Sex
 Male 39 (58.9%)

 Female 28 (41.8%)

Site
 Right internal jugular vein 50 (74.6%)

 Right external jugular vein 17 (25.4%)

Table 2 Diagnoses at the time of port-a-cath insertion

Diagnosis at the time of port‑a‑cath insertion Frequency (%) Number of 
complications

Oncological diagnoses
 Acute lymphocytic leukaemia (ALL) 33 (49.3%) 8

 B-cell lymphoma 3 (4.5%) 1

 Rhabdomyosarcoma 3 (4.5%) 0

 Acute myeloid leukaemia (AML) 5 (7.5%) 0

 Langerhans cell histiocytosis 2 (3%) 1

 Hodgkin’s lymphoma 2 (3%) 0

 Non-Hodgkin’s lymphoma 2 (3%) 1

 Neuroblastoma 2 (3%) 0

 Wilms’ tumour 3 (4.5%) 0

 Medulloblastoma 4 (6%) 0

 Ewing’s sarcoma 2 (3%) 0

Nononcological diagnoses
 Factor 8 deficiency 1 (1.5%) 0

 Metabolic disorders 1 (1.5%) 0

 Short bowel syndrome 2 (3%) 0

 Mitochondrial disease 2 (3%) 0
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this study, the internal jugular vein was chosen because 
it has less anatomical variation and is larger in size [3, 4].

Numerous modifications over the years have been 
made to central line placement procedures. Tunnelled 
catheters with external exits were initially introduced 
by Broviac et al. [14] and revised by Hickman et al. [15]. 
The main revision consisted of increasing the diameter 
of the lumen from the 1-mm Broviac catheter to the 1.6-
mm Hickman catheter. Moreover, implantable vascular 
access devices (IVADs) have been more recently intro-
duced, characterized by being completely implantable 
with no exit sites [1]. The modifications made to the pro-
cedure have rendered improved outcomes and resulted 
in significant reductions in complications in addition to 
a reduced need for maintenance and increased freedom 
with activities [5–7]. However, although IVADs have 
been associated with lower complication rates than tun-
nelled catheters, they have given rise to new complica-
tions, such as reservoir damage and extravasation [5, 8, 
16]. One dimension that has not been explored by the lit-
erature is whether there are implications of the different 
techniques of securing IVAD (ligation and purse string) 
on complication rates and types and the need for reinser-
tion of IVADs; this study compares ligation and purse-
string-anchoring methods in terms of these outcomes.

Guidelines by the International Society of Paediatric 
Surgical Oncology (IPSO) present both ligation and the 
purse-string method as possible techniques of anchoring 
central venous catheters without recommending a sin-
gle specific method [17]. Previously, one of the concerns 
associated with ligation was the potential cerebrovascu-
lar sequelae associated with internal jugular vein liga-
tion. One randomized controlled trial on swine models 
demonstrated that there were no increases in jugular 
venous or intracranial pressure following ligation, despite 

increases in cerebral blood flow and oxygen consump-
tion. The explanation proposed was the alternate decom-
pression of the veinous system through outflow through 
the vertebral veins and left jugular veins [18]. Currently, 
the purse-string securing technique is preferred by some 
surgeons because it is vessel sparing, hence allowing for 
vein restoration once the catheter is removed [11, 12].

Complications were encountered in 16.42% of our 
study’s IVAD placements overall, which is within the 
range reported by the literature (15–48%) [7, 19, 20]. 
Meanwhile, looking at the port-a-cath securing tech-
niques individually, 25.7% of IVADs secured by ligation 
had complications, while only 6.3% of those secured by 
a purse string had complications, which is below the rate 
reported by the literature. In our series, no association 
was found between the diagnoses and complications (P 
= 0.76).

Infections
Central venous line-related infection rates in studies 
range from 15 to 48% [7, 19, 20]. In our series, the infec-
tion rate in the group secured by ligation was only 5.7%, 
which is lower than the range in the literature; mean-
while, none of the cases secured by purse strings was 
complicated by infections.

Malfunction
Our series reports an 8.6% malfunction rate in the IVADs 
secured by ligation. Meanwhile, no cases of malfunction 
occurred in purse-string-anchored IVADs. The results 
in the ligation-secured port-a-caths are similar to rates 
reported by Bawazir et al. and Jawad et al., which were 7% 
and 5%, respectively [7, 16]. Meanwhile, the absence of 
malfunction complications in purse-string-secured port-
a-caths in our series is lower than the other studies’ rates.

Dislodgement
Dislodgement occurs when the port and catheter become 
disconnected. Other series report dislodgement rates of 
port-a-caths ranging from 1.4 to 3.6% [8, 21]. This is simi-
lar to the dislodgement rate of 2.9% in ligation-secured 
port-a-caths in our study. However, no cases of dislodge-
ment occurred in the purse-string-secured port-a-caths.

Removal difficulty and blockage
Prolonged use of central venous catheters makes cath-
eters more difficult to remove due to higher risks of asso-
ciated adhesions [22]. Moreover, catheters are at risk of 
being blocked. Our study reports difficult removal or 
blockage in 5.7% of ligation-secured port-a-caths. While 
the incidence of stuck catheters remains unknown, Jawad 
et al. and Babu et al. reported blockage rates of 4% and 
7%, respectively [7, 8].

Table 3 Comparison between operative parameters and 
complications using ligation versus the purse-string-anchoring 
technique

Ligation (n = 35) Purse string (n = 32)

Operative time (in min‑
utes)

41.34 ± 9.267 49.5 ± 5.8 

Types of complications
Dislodgement 1 (2.9%) 0 (0%)

 Malfunction 3 (8.6%) 0 (0%)

 Infection 2 (5.7%) 0 (0%)

 Haematoma 1 (2.9%) 0 (0%)

 Leakage 0 (0%) 2 (6.3%)

 Removal difficulty and 
blockage

2 (5.7%) 0 (0%)

Total complications 9 (25.7%) 2 (6.3%)

Reinsertion performed 5 2
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Haematoma
In our study, haematomas were considered a complica-
tion if following port-a-cath insertion; a swelling below 
the neck incision that was consistent with a haematoma 
was confirmed by ultrasound. We found a 2.9% occur-
rence of haematomas in ligation-anchored IVADs.

Leakage
Leakage occurs when the connecting apparatus loos-
ens or the port dislodges [8, 19]. This can also result 
from inappropriate handling with inappropriate nee-
dle sizes or excessive force. In our series, no cases of 
leakage occurred in the ligation-secured port-a-caths. 
Meanwhile, this is the only complication that occurred 
using the purse-string-anchoring technique, whereby 
it occurred in 6.3% of port-a-caths secured by a purse 
string. This can be explained by the stronger seal 
formed using ligation.

The main limitations of this study are the single-
centred setting and the small sample size. Moreover, 
the use of two different securing sites (internal jugular 
vein and external jugular vein) may have impacted the 
results. An additional influencing factor is the impact 
of the pre-existing condition and its severity on the 
results.

Conclusion
Complication rates were significantly lower in port-a-
caths secured by purse string than in those secured by 
ligation. IVADs secured by ligation were complicated 
by infections, malfunction, dislodgement, removal dif-
ficulty and blockage; complication rates were similar to 
those reported in the literature. Meanwhile, leakage was 
the only complication that occurred in the purse-string-
secured port-a-caths. The overall occurrence of com-
plications in the purse-string group was lower than that 
reported in other series. Furthermore, there was no sig-
nificant association between sex or the patients’ diagno-
ses and complication rates.
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