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ABSTRACT

Background: Explantation of totally implantable venous access port (TIVAP) is of great importance
as it may interrupt treatment in oncology patients. The aim of this study is to determine the reasons
of TIVAP explantation, the relationship between TIVAP in situ time and early explantation for these

reasons, and also to analyze the effect of increasing experience over time on these results.

Materials and Methods: Patients who underwent TIVAP explantation between 2014 and 2020 were
retrospectively reviewed. Demographic characteristics of the patients, indications for TTVAPimplantation
and explantation, the TIVAPS’ in situ time, early explantation rate and post-explant complications were
investigated. The results obtained were compared in two time periods (January 2014-June 2017 and July
2017-December 2020).

Results: A total of 90 patients were analyzed. The mean age was 58.7 = 10.2. While TIVAP implantation
was most frequently performed for digestive tract cancers (73%), the most common cause of TIVAP
explantation was an infection (53.3%). In patients with TIVAP explant due to infection, mean TIVAP
in situ time (73 days) was significantly shorter compared to other reasons (p < 0.001). In contrast, the
early explantation rate due to infection was only 16.6%. Hematoma was the most common post-explant
complications, with a total complication rate of 13%. In the time, it was determined that explantations
secondary to complications, early explantations and post-explant complications decreased, while TIVAP

in situ time increased.

Conclusions: Infection is the reason of more than half of TIVAP explantations. Although infection
significantly decreases the TIVAP survival, it rarely causes early explantation. It is important that

TIVAP-related processes are performed in multidisciplinary centers and with experienced staff.
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Introduction

Total implantable venous access port (TIVAP; also called
port in brief) plays a major role in improving the qual-
ity of life and safety of patients, as that allow long-term
intravenous access for chemotherapy, antibiotherapy,
blood transfusion and nutritional products, and offers the
advantage of obtaining venous blood samples without
having to repeatedly puncture the vein [1,2]. Because the
port is placed subcutaneously, it doesn’t restrict daily ac-
tivities by affecting the range of motion and is less prone
to infections than non-totally implantable catheter [3].
Due to these characteristics, TIVAP has become an ideal
tool for long-term treatments, especially cancer treat-
ment, and is being used with increasing frequency [4].

Despite its benefits, TIVAP is also not entirely free
from complications. TIVAP, which may be associated
with early (hemothorax, pneumothorax, injury to major
blood vessels, air embolism, cardiac arrhythmia, cath-
eter misplacement, etc.) and late (infections, venous
thrombosis, extravasation of cytotoxic drugs, mechani-
cal dysfunction of the catheter, port-inversion, skin ne-
crosis, etc.) complications, may need to be explanted
for various reasons [5,6]. Otherwise, complicated TI-
VAP left in situ may cause more serious clinical con-
sequences [7]. Apart from complications, patients may
also want TIVAP removed or it can be explanted because
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Figure 1. Flow diagram decipting study population selection.
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this is no longer needed [5,6]. However, this TIVAP ex-
plantation is of great importance as it may cause delay
or interruption of treatment in patients who continue to
need chemotherapy. It is also known that the complica-
tions that cause TIVAP explantation are closely related
to the increased labor and costs of the health system [3].

The aim of this study is to determine the reasons of
TIVAP explantation, the relationship between TIVAP in
situ time and early explantation for these reasons, and
also to analyze the effect of increasing experience over
time on these results in oncology patients.

Materials and Methods
Study design

After obtaining approval from the Local Ethics Com-
mittee for Non-Interventional Clinical Studies (protocol
number: 2022-49-7164-E), a retrospective cohort study
was conducted at a level II private healthcare facility.
Informed consent was obtained from all patients.

Study population

For the study population, patients over the age of 18
who underwent TIVAP explantation by a single surgeon
in the thoracic surgery department between January
2014 and December 2020 were examined. The selec-
tion flow diagram for the study population according to
the eligibility criteria is shown in figure 1.

Excluded (n=35):
-Explanted TIVAPs in different departments

Excluded (n=18):

-Under the age of 18 (n=3)

-implanted in different department (n=4)
-Undetermined reason for explantation (n=3)
-Uncertain implantation and explantation time (n=2)
-implantation for non-chemotherapy reasons (n=3)
-Re-implanted patients (n=3)




Variables, outcomes

For each patient included in the study, data at explanta-
tion such as age, gender, BMI (Body Mass Index), indi-
cation for TIVAP explantation, microbiological data, the
TIVAP in situ time, CRP (C-reactive protein) level, WBC
(white blood cell) count, early explantation rate were ob-
tained. In addition, diabetes mellitus, hypoalbuminemia,
leukopenia and thrombocytopenia during implantation,
TIVAP implantation indication, TIVAP implantation sta-
tus, implanted TIVAP brands and post-explant complica-
tions were recorded. Primary outcomes were the reasons
and frequencies of explantation of TIVAP. Secondary
outcomes were the effects of explantation reasons on
the TIVAP in situ time, infection parameters during ex-
plantation, reason-based early TIVAP explantation rates,
and the change in outcomes in two time periods (January
2014 - June 2017 and July 2017 - December 2020).

Data collection

Data of patients who underwent TIVAP explantation
were obtained from patient files and the online hospi-
tal documentation system. For this purpose, procedure
reports codenamed “subcutaneous port removal”, an-
amnesis notes of the relevant patient, epicrisis reports,
constantly updated nurse clinical observation notes or
consultation records were reviewed in detail.

Definitions

The reason for explantation was determined as infection
in cases with fever in the clinical course before the re-
moval procedure, with signs of stiffness, redness, tender-
ness, and pain on the implantation site or in cases where
pathogenic microorganisms grew in one of the cultures
(blood, catheter or exudate culture) taken in order to de-
tect the fever focus (without an obvious source in another
region) [7]. At the same time, the frequencies of isolated
pathogens were determined in the culture studies of these
cases. Dysfunctional ports were evaluated as thrombosis
if they had a clinical (edema at upper extremity, swell-
ing or pain at neck) and diagnostic (doppler sonography
or thorax computerized tomography scan with contrast
enhancement) findings [7]. Dysfunction was defined as
dislocation, disconnection/breakage of TIVAP elements,
displacement of the catheter tip towards the contralateral
subclavian vein or internal jugular vein, extravasation of
administered drugs, despite washing with heparinized
saline solution, inability to aspirate or infuse fluids. In
patients whose chemotherapy was ended, the reason for
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explantation was recorded as end of treatment. TIVAP
explantation secondary to perforation of the skin over the
reservoir without signs of infection was defined as skin
dehiscence, and TIVAP explantation due to subjective
ailments such as discomfort, pain, difficulty in moving
the neck or shoulder, and aesthetic problems was defined
as patient request. The TIVAP in situ time was defined as
the number of catheter days from implantation to explan-
tation [1], and explantation of the TIVAP within 30 days
after implantation was defined as early explantation [8].
For biochemical parameters, WBC <3.500 cells/uL was
defined as leukopenia, platelet count <150.000/uL was
defined as thrombocytopenia, serum albumin level <3.5
mg/dL was defined as hypoalbuminemia [9]. For implan-
tation status, patients who were hospitalized in any ser-
vice during port placement were designated as inpatients,
while the patients who admitted to the thoracic surgery
outpatient clinic for port placement, were discharged on
the same day after the procedure and did not receive any
service admissions were designated as outpatients [10].

Perioperative management

In our hospital, TIVAPs are applied when long-term in-
travenous transportation is required for chemotherapy
and blood transfusions. After oncology and hematology
patients are referred from the relevant department for
TIVAP implantation according to chemotherapy proto-
cols, implantation is performed by a thoracic surgeon or
cardiovascular surgeon. Attention is paid to the fact that
the explantation process is also carried out by the same
surgeon that performs the implantation process.

All TIVAP implantations were performed in the op-
erating room by creating a subcutaneous pocket on the
pectoral muscle through a 3 cm skin incision, under lo-
cal anesthesia (10-20 mL bupivacaine 0.5%) and mod-
erate sedation with titrated midazolam. Neither prophy-
lactic antibiotics nor routine anti-coagulation therapy
was administered [1]. Single-lumen port catheters with
a diameter of 8 or 8.5 fr (Secureport®, Plan 1 Health Srl.
Amaro, Udine, Italy; PowerPort®, Bard Access Sys-
tems, Inc. Salt Lake City, Utah, USA; Celsite®, Braun
Medical, Boulogne Cedex, France) were applied to all
patients. In most cases, the right subclavian vein was
preferred with the seldinger technique as the catheter-
ization site. However, in the presence of mastectomy or
radiation scarring, the left subclavian vein, and in case
of technical failure, ultrasound-guided internal jugular
vein was used for implantation [13]. After implanta-
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tion, the catheter was flushed with normal saline, the
reservoir was filled with diluted heparin, and no antibi-
otic locks were used. After the procedure, radiographic
imaging was performed under fluoroscopy to check the
position of the catheter tip in the superior vena cava.

Patients were re-evaluated one week after TIVAP
implantation for control of the operative site. After each
infusion and every four weeks after chemotherapy treat-
ment is finished, the port was flushed with heparinized
normal saline (500 U heparin in 10 cc normal saline).
Care and dressings of TIVAPs were managed accord-
ing to guidelines for the prevention of intravascular
catheter-associated infections [11]. Wound infection of
the patients was evaluated according to the Surgical Site
Infection Prevention Guidelines criteria [12]. The port
area was evaluated for infection during each dressing,
and wound swabs and blood steam cultures were taken
for definitive diagnosis in suspicious cases. While su-
perficial/local wound infections are treated with appro-
priate antimicrobials, debridement and abscess drain-
age, in case of port or catheter dehiscence due to wound
infection or systemic infection secondary to catheter
infection, explantation of TIVAPs were considered [2].
Patients whose catheters were occluded due to throm-
bosis and who did not respond to the anti-coagulant
treatment were also considered for TIVAP explantation.

TIVAP explantation

The explantation procedure was performed under lo-
cal anesthesia, from the previous incision, with sterile
conditions. During TIVAP explantation, the pseudo-
capsule consisting of fibrous tissue around the port and
the catheter was released with blunt and sharp dissec-
tions and then opened with a scalpel. Adhesions in the
radio-opaque catheter lock area connecting the port
and the catheter were cut with a scalpel to ensure full
mobilization of the device, and the port and catheter
were removed together. After TIVAP was completely
explanted, the remaining pieces of fibrous connective
tissue in the subcutaneous area were removed. Then, the
subcutaneous tissues were sutured with absorbable 3/0
polyglactin (Vicryl; Ethicon, Somerville, New Jersey)
and the skin tissue was sutured with 2/0 polypropylene
(Prolene; Ethicon, Somerville, New Jersey). Finally, the
sterile dressing was applied with a pressure bandage
on the formed pocket. Antibiotic prophylaxis was not
given for the explantation procedure either.

Statistical Analysis

Descriptive statistics were expressed as frequency, per-
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centage. Categorical variables were analyzed by Pear-
son chi-square and Fischer exact or Pearson Chi-Square
tests. The normality of numeric variables was tested
with the Shapiro Wilk test. Mean differences between
two groups with normally distributed will be compared
by Student’s t-test, whereas the Mann—Whitney U
test will be applied for comparisons of the abnormal-
ly distributed data. Kruskal-Wallis test (post hoc test:
Bonferroni corrected Mann Whitney U test) is a non-
parametric statistical test that evaluates whether two or
more samples are drawn from the same distribution. All
statistical analyses were performed by using SPSS (Sta-
tistical Package for the Social Sciences, SPSS Inc., Chi-
cago, IL, USA) 21.0 package program. P < 0.05 were
considered as statistically significant.

Results
Demographic and clinical characteristics of patients

A total of 90 patients undergoing TIVAP explantation
were analyzed for the study. The mean age was 58.7 +
10.2 years (range, 32-77 years), 51% of the patients were
male, 49% were female, and the median BMI was 28.7 kg/
m?2. Most patients did not have diabetes mellitus (86.7%),
hypoalbuminemia (95.6%), leukopenia (96.7%), thrombo-
cytopenia (91.1%) at the time of implantation. It was deter-
mined that implantation was performed due to the main di-
gestive tract cancers (73%) [colo-rectal cancer (60%) and
gastro-esophageal cancer (13%)]. The majority of patients
(73.3%) had TIVAPs placed as outpatients. The distribu-
tion of explanted TIVAP brands differed (Table 1).

Reasons for TIVAP explantation & isolated microor-
ganisms

The most common reason of TIVAP explantation
(53.3%) was an infection. This was followed by the
end of the treatment program (17.8%) (Table 2). Wound
cultures, blood cultures, or catheter tip cultures were
obtained from all patients with TIVAP-associated infec-
tions for further microbiological testing. Evidence of
bacterial or fungal growth was found in 36 of 48 patients
(75%) with infection due to TIVAP explantation. The
most common (16.7%) isolated pathogen in cultures
was Staphylococcus Aureus. It was determined that the
most common (37.5%) isolated pathogens as a group
were members of the Gram-positive cocci family. It was
determined that these were followed by Gram-negative
bacilli (20.8%). Identified pathogens are shown in table
3. In addition, it was determined that the catheter tip
and blood culture results were positive with the same
microorganisms in 9 cases.



Variable n (%)

Sex
Male 46 (51.1)
Female 44 (48.9)

Diabetes Mellitus
Yes 12 (13.3)
No 78 (86.7)

Leukopenia
Yes 3(3.3)
No 87 (96.7)

Indication for TIVAP implantation

Colo-rectal cancer 54 (60)
Gastro-esophageal cancer 12 (13.3)
Breast-thorax cancer 12 (13.3)
Head and neck cancer 6(6.7)
Others 6(6.7)

TIVAP brand
Celsite® 14 (15.6)
PowerPort® 30 (33.3)
Secureport® 46 (51.1)
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Variables n (%)
Infection 48 (53.3)
Thrombosis 10 (11.1)
Dysfunction 6 (6.7)
Skin dehiscence 6(6.7)
Patient request 4(4.4)
End of treatment 16 (17.8)

Microorganism n (%)

Gram-negative bacilli 10 (20.8)
Klebsiella pneumonia 4(8.3)
Stenotrophomonas maltophilia 4(8.3)
Acinetobacter 2(4.2)

Abbrev.: TIVAP; totally implantable venous access port.

TIVAP in situ time, infection parameters and early ex-
plantation

The mean TIVAP in situ time was 215.2 + 330 days (range,
5-1351 days) in all patients included in the study. It was
found that the mean TIVAP in situ time was 73 days in pa-
tients who underwent TIVAP explantation due to infection,
which was significantly shorter compared to patients who
underwent TIVAP explantation for other reasons (p < 0.001,
Kruskal-Wallis test) (Table 4). In addition, these patients
had significantly higher CRP levels during explantation
compared to other reasons (p = 0.002, Kruskal-Wallis test)
(Table 4). Although only 16.6% of patients who underwent
TIVAP explantation due to infection had the port removed
in the early period, the majority of patients (66%) who un-
derwent TIVAP explantation due to technical reasons caus-
ing dysfunction [displacement of the catheter towards the
contralateral subclavian vein or internal jugular vein (n =2,
2.2%), hematoma (n = 2, 2.2%), kinking of the catheter (n
=1, 1.1%), extravasation (n = 1, 1.1%)] were performed in
the early period (p =0.003, Exact Chi Square test) (Table 4).
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Reasons for TIVAP in situ WBC at CRP at Early
TIVAP explan- time, day, pe explantation, . explantation, . explantation pb
tation mean (x10A3/uL), mean (mg/dl), mean (n/%)
(min-max) (min-max) (min-max)
_ <0.001* 0.878 0.002% 0.003*
Thrombosis 117.24
(19-237)
Skin dehiscence 368
(163 -760)
End of treatment 686.34 548 0.60 0 (0)
(98 -1351) (3.26 - 12.25) (0.04 1.16)

Post-explant complications

Peroperative complications were observed in 12
(13.3%) of 90 patients who underwent TIVAP explanta-
tion. Among these, hemorrhage and hematoma occurred
at the incision site in 6 patients, transection of the cath-
eter in 3 patients, and wound dehiscence in 3 patients.
Surgical revision was required in five patients (four pa-
tients with bleeding/hematoma, one patient with wound
dehiscence). Three transected catheters were removed
by interventional radiology. In 10 patients, venous ac-
cess incision opened, further dissection and traction
were required to mobilize the catheter since the catheter
could not be easily removed. However, none of the pa-
tients required venotomy to mobilize the catheter.

Comparison of results in two time periods

When the results of the study were analyzed in two
time periods (49 explantation procedures were performed
in the first period and 41 in the second period), it was
determined that the
complications de-creased, and the explantations due to

explantations secondary to
the end of the treat-ment and patient request increased
in the next 3-year peri-od. In addition, in the second
period, it was determined that TIVAP in situ time
increased and early explantations and post-explant
(Table 5).

complications decreased
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2014-2017

Median (min-
max) /n(%)

2017-2020

Median (min-
max) /n(%)

Variables

Abbrev.: TIVAP; totally implantable venous access port.

E

Discussion

In this study, in which a reason-based analysis of oncol-
ogy patients who underwent TIVAP explantation was
performed, attention is drawn to 3 main findings. The
first one is that infection is the most common cause of
TIVAP explantation. The second one is that the factor
that shortens TIVAP in situ time the most among ex-
plantation causes is infection. On the other hand, the



rate of early TIVAP explantation due to infection is low.
The third and the last one is that TIVAP in situ time in-
creases with increasing experience over time, while the
frequency of early TIVAP explantation decreases.

As with all medical devices, the ideal expectation
from TIVAP in cancer patients is that it can be processed
smoothly from the moment its implanted to the end of
the treatment [8]. However, TIVAP may be associated
with various complications during its stay in the body.
A number of studies have shown that TIVAPs are com-
plicated in a wide range of 1.6-28% [13]. Complications
such as infection and vein thrombosis usually render
TIVAP unusable and removal of TIVAP becomes inevi-
table. Otherwise, some undesirable consequences may
be encountered, such as progression of the infection to
severe sepsis or septic shock, or dissemination of vein
thrombosis leading to superior vena cava syndrome
[14]. However, TIVAPs do not have to be removed only
when they are complicated. Explantation can also be
performed for some patient-related reasons such as the
end of the chemotherapy or (although not recommended
) aesthetic concern [14]. In conclusion, the infection has
been shown to be the main reason for TIVAPs explanta-
tion in many studies [7,14]. In the series of Biacchi et
al [15], the percentage of patients whose TIVAPs were
explanted because the therapeutic program ended was
only 12%, while the remaining 88% consisted of patients
whose TIVAPs were explanted due to various side effects
and complications. In this series, infection was reported
as the most common reason of TIVAP explantation with
arate of 47%. In another series, the percentage of patients
whose ports were removed because the treatment pro-
gram was ended was 15%, while the most common cause
of port removal was infection with a rate of 53% [14]. In
our study, the most common reason of explantation was
infection with a rate of 53%, while explantation due to
end of treatment was in the second place with a rate of
17%, and the results are consistent with the literature. In
this context, as a subjective impression, it can be said that
these infections may be related to the inappropriate daily
use of TIVAP (i.e., no flushing of the device, especially
after administering artificial nutrition).

TIVAP-associated infections have been reported to
be associated with internal lumen contamination fol-
lowing repeated puncture of the port chamber from the
outside during blood collection, washing, or delivery of
biological materials [6]. For these reasons, coagulase-
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negative staphylococci and S. aureus, which are among
the natural members of the skin flora, are the most fre-
quently isolated pathogens in port-acquired infections
[6]. In addition, recently, gram-negative bacilli, Pseu-
domonas aeruginosa, and fungi have also begun to be
isolated with increasing frequency [6]. In this study, S.
aureus and coagulase-negative staphylococci were the
most frequently isolated pathogens in patients who un-
derwent TIVAP explantation due to infection, consistent
with the results of the literature. Gram-negative bacilli
and fungi followed them as a group.

TIVAPs are known to be medical devices with a long
lifespan of up to 12 years [15]. In the case of TIVAP-
associated infection, our approach is to remove it if
there is no response to medical treatment and, if neces-
sary, to insert a new port from the opposite side. In this
study, it was determined that the TIVAP in situ time in
patients who underwent TIVAP explantation due to in-
fection was significantly shorter compared to patients
who underwent TIVAP explantation for other reasons.
This may be due to TIVAP explantation as soon as pos-
sible after detection of TIVAP-associated infection.
Otherwise, it is known that TIVAP-associated infection
can result in high mortality and morbidity [14]. On the
other hand, it may also mean that, TIVAP explantation
is not performed quickly (as in infection) in case of non-
infectious complications. In support of this practice, it
is recommended to try various ‘rescue therapy’ methods
first for such complications, and to remove TIVAPs only
when they are not necessary or non-functional [16]. As
a result, it is understandable that there is such a differ-
ence between the duration of the port stay in the body in
terms of reasons of TIVAP explantation.

In the study, it was determined that the early TIVAP
explantation rate was low (15%). The most important
reason for this may be that TIVAP explantation rate
due to infection (the most common reason) is very low
(16.6%) in the early period. Various studies have identi-
fied some factors that increase the risk of TIVAP-related
infections in the early period. These factors are listed as
presence of hematological malignancy, hypoalbumin-
emia, leukopenia, thrombocytopenia, high INR, diabe-
tes mellitus, inpatient port placement, and port place-
ment in the neonatal and infant period [9,17-20]. The
fact that the listed risk factors were absent or very few
in our patient group indicates that the risk of TIVAP-
related infections in these patients is low in the early
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period. In addition, it has been shown that up to 50%
of early period TIVAP-associated infections can be pre-
vented with the implementation of various multimodal
programs that include the education of healthcare pro-
viders and patients [21]. Similar programs, which are
increasingly being implemented in our hospital, may
also have contributed to the low rate of TIVAP explan-
tation due to an infection in the early period.

In general, TIVAP explantations are considered mi-
nor surgical interventions. In a limited number of stud-
ies in the literature, it has been reported that the rate of
peroperative complications associated with this proce-
dure ranged from 2.6% to 16% [7,22]. In addition, it has
been reported that TIVAPs may not be easily removed
due to infection, fibrous sheath reaction, fixation to the
vessel wall, dense adherent calcifications, post-throm-
botic adhesions, long catheter length and a long stay in
the body, and even if the catheter fragment is retained,
this can have serious consequences, including death, fol-
lowing embolization to the heart or pulmonary arteries
[7,22,23]. Therefore, it has been mentioned that interven-
tional radiology may be needed at any time during the
procedure, and even open surgery (venotomy, sternoto-
my, etc.) may be required in cases with high explantation
difficulty [22]. In this study, the peroperative complica-
tion rate associated with the explantation of TIVAP was
13%, which is comparable to the reported complication
rates. The main complication for these cases was post-
procedure bleeding/hematoma. In addition, intervention-
al radiology was required for three transected catheters
during the procedure, and advanced surgical dissection
was required for 10 patients whose catheters could not be
removed despite severe traction. In order to reduce these
peroperative complications, it is recommended not to
use polyurethane catheters, especially for protocols that
require long-term implantation [24], and to use electric
blades that cannot penetrate the catheter material, instead
of a regular scalpel during explantation [7].

The importance of education and increased practice
of healthcare providers in the prevention of complica-
tions associated with catheter implantation has been
noted in various guidelines [11,21]. It has been clearly
shown that the inadequacy and inexperience of the nurs-
es and ambulatory staff responsible for the care of cen-
tral venous catheters are closely related to the increase
in catheter-related infection and thrombosis [25]. Ac-
cordingly, the multimodal programs (education of home
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health nurses, oncology nurses and ambulatory staff)
implemented in our hospital may have also had an ef-
fect on the decrease in TIVAP explantation rates due to
infection and thrombosis over time [7]. In the studys, it is
thought that the reason why the in situ time of TIVAPs
placed in the second period is longer than in the first pe-
riod, is that the rates of TIVAP explantation due to this
infection and thrombosis decrease over time. Again, in
the periodic comparison, a decrease was found in the
rate of early TIVAP explantation in the second period.
The reason for this is thought to be the decrease in the
rates of technical complications (dysfunction, etc.) that
cause TIVAP explantation, mostly in the first 30 days.
The decrease in these technical complications over time
also shows us that physicians have a learning curve for
the implantation process [1]. We can see another effect
of this learning curve in the reduction of post-explant
complications over time. Supporting our results, in a
study by D’Souza et al [1], it was shown that the inci-
dence of both complications and infections decreased
significantly in the second study period, and attention
was drawn to the learning curve of healthcare staff.

This study has several limitations. Firstly, the study
is a single-center, non-randomized, retrospective study
with relatively small sample size. Secondly, the study
consisted of patients with different underlying malignan-
cies and the use of different brands of catheters, therefore
different chemotherapeutic regimens and variations in
material quality may have affected outcomes, complica-
tions that may cause explantation, and the TIVAP in situ
time. Thirdly, since a retrospective database was used
over a 6-year period in the study, a detailed analysis of
the changes in the patient care that was improved over
time could not be performed. Finally, most of the TIVAPs
in the study were inserted into the subclavian vein, and
only a few were inserted into the internal jugular vein.
The bias of these data may affect the observational re-
sults. Prospective studies with more controlled patient
enrollment will help to eliminate these limitations in the
future. Besides, the strength of our study is that all pa-
tients were operated on by the same surgeon in the same
hospital using the same surgical technique.

In conclusion, infection is the cause of more than
half of TIVAP explantations, which may interrupt che-
motherapy in oncology patients. Pathogens isolated in
cultures of infected patients are predominantly natural
members of the skin flora. Although infection is the fac-



tor that most significantly decreases TIVAP survival, it
rarely causes TIVAP explantation in the early period. In
addition, it is important that processes such as TIVAP
implantation, care and explantation (although it may
seem like simple medical processes) are carried out in
multidisciplinary centers and by experienced staff, as
better outcomes are closely related to interdisciplinary
collaboration, training of healthcare providers and in-
creasing experience over time.
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