
Abstract. Background/Aim: To compare the outcomes of
totally implantable central venous access device (TIVAD)
insertions by surgical residents (SRs) with those by
experienced surgeons (ESs) and establish the safety of
percutaneous TIVAD insertion by SRs. Patients and
Methods: A total of 700 insertions were successfully
performed between January 2015 and December 2019 in our
Department. The puncture site conversion and complication
rates were compared, and risk factors related to
complications were analysed. Results: In total, 84 and 616
insertions were performed in the SR and ES groups,
respectively. SRs mainly punctured the internal jugular vein
(IJV), and ESs punctured the subclavian vein (SV). The
conversion rate from the IJV to SV was similar, whereas that
from the SV to IJV was higher by SRs than ESs. Overall,
early, and delayed complications were similar between the
two groups. Conclusion: Percutaneous TIVAD inserted into
the IJV by an SR was demonstrated to be safe.

For three decades since the first report in 1982 (1), totally
implantable central venous access devices (TIVADs) have
played an important role in providing chemotherapy (2),
palliative care (3), and nutritional support (4). TIVADs were
shown to reduce overall medical expenditure (5) and risk of
complications compared with Hickman catheters (6, 7). Since
the number of patients with cancer is increasing, we believe
that the role of TIVADs will become more significant.
TIVAD insertion can be performed using a percutaneous

approach or cut-down manoeuvre. A percutaneous approach
for puncturing the central vein with ultrasonographic (US)
guidance has a high insertion completion rate but has a high
risk of early complications (8, 9). In contrast, the overall
complication rates of a cut-down manoeuvre for cephalic
vein insertion were lower than those of the percutaneous
approach (8). However, the cut-down manoeuvre has the
disadvantage of a low completion rate (9, 10).

TIVAD insertion, which comprises basic surgical
techniques, has been considered beneficial for the education
of surgical residents (SRs). Few studies have examined the
safety of TIVAD insertion focused on the cut-down
manoeuvre by SRs (11, 12). However, to the best of our
knowledge, there have been no studies assessing the safety
of a percutaneous approach for SRs performing TIVAD
insertions. We believe that the percutaneous method of
TIVAD insertion is useful in surgical education. At our
hospital, SRs mainly perform TIVAD insertion using a
percutaneous approach with real-time US guidance.

We aimed to compare the surgical outcomes of TIVAD
insertion between SRs and experienced surgeons (ESs) and
verify the safety of percutaneous TIVAD insertion by SRs.

Patients and Methods
Study setting and patients. This retrospective, single-centre study
was approved by the Institutional Review Board of Hakodate
Municipal Hospital (Hokkaido, Japan: Reference number 2021-13)
and was conducted in accordance with the tenets of the 1964
Declaration of Helsinki and its later amendments. The requirement
for informed consent was waived owing to the retrospective nature
of this study.

Between January 2015 and December 2019, 702 consecutive
TIVAD insertions were performed for 663 patients at our
Department. We performed TIVAD insertion for patients planning
to receive intravenous chemotherapy, those requiring total parenteral
nutrition, and those with difficulty in securing vascular access. Two
TIVAD insertions were excluded because they unsuccessfully
treated severe hypovolemia. Finally, a total of 700 percutaneous
TIVAD insertions were included in this study. All insertions were
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divided into two groups depending on the operator: SRs
(postgraduate years 1 and 2) and ESs (postgraduate year ≥3). All
SRs were trained at our Department for at least 2 months of a 2-
year residency period.

Clinical data were retrospectively collected from hospital databases.
Age, sex, body mass index (BMI), comorbidities (diabetes mellitus),
administration of antithrombotic therapy, patient diseases, indication
for TIVAD insertion, puncture site, administration of postoperative
antibiotic drugs, postoperative observational period, and complications
were examined in this study. In this study, complications occurring
within 24 hours after surgery were defined as early complications, and
those occurring after 24 hours were defined as delayed. Early
complications included haematoma, arterial puncture, catheter kinking,
and pneumothorax; delayed complications included catheter-related
bloodstream infection (CRBI), catheter obstruction, catheter fracture,
catheter malposition, catheter thrombosis, and port inversion. The
postoperative observational period was calculated as the time from the
date of insertion to the latest date alive, or date of death, or date of
catheter removal due to complications. Infection per 1, 000 catheter-
days was defined as the number of CRBI events per 1, 000
postoperative observational periods in each group (13).

Percutaneous TIVAD insertion procedures and education of SRs.
TIVADs were inserted under local anaesthesia in a fluoroscopic
room. During TIVAD insertion, guidelines recommended by the
Centers for Disease Control and Prevention were followed (14):
Sterile techniques, including nonsterile preparation, handwashing,
sterile field/supply preparation, sterile gowning, sterile gloving, and
sterile draping. The selection of the venous site to be punctured, the
internal jugular vein (IJV) or subclavian vein (SV), was dependent
on the operator’s decision. However, ESs tended to prefer SV
puncture to shorten the subcutaneous tunnelling of the catheter.
Using local anaesthesia, all punctures were performed with real-time
US guidance, and the position of the catheter was confirmed using

X-ray illumination. The puncture site was converted to another site
when venous insertion was difficult at the initial site. A 3-4 cm skin
incision was made on the precordia and a subcutaneous pocket in
front of the pectoral fascia. Preoperative antibiotics were not
administered to all patients. Postoperative antibiotics were
administered to some patients who underwent TIVAD by a specific
surgeon (15). Conversion cases were included in the initial site for
analysis based on an intention to treat.

Most SRs had experience of performing central venous catheter
insertions into the IJV. All SRs participated in a learning programme
for percutaneous TIVAD insertion at our Department. When ESs
performed TIVAD insertion, SRs rigorously observed and helped
with the procedure. Subsequently, SRs performed TIVAD insertions
and were coached by ESs. After the procedure, SRs received
feedback from the ESs. All TIVAD insertions performed by SRs
were supervised by ESs for safety. When SRs failed to puncture the
vein, ESs punctured the vein, and SRs continued the procedure after
the puncture. Patients undergoing such procedures were included in
the SR group. Procedure time and blood loss during TIVAD
insertion were not usually recorded.

TIVADs used were as follows: MicroNeedle Port, closed-ended
8.0-Fr single-lumen MicroNeedle Port (Covidien Japan, Tokyo,
Japan); X-Port isp, closed-ended 8.0-Fr single-lumen Bard X-Port®
isp (Bard Access Systems, Salt Lake City, UT, USA); PowerPort
M.R.I. isp, open-ended 8.0-Fr single-lumen PowerPort® M.R.I.® isp
(Bard Access Systems); and Celsite port, PU® Celsite® port (Toray
Medical, Tokyo, Japan). The choice of TIVAD was dependent on
the operator’s preference.

Study outcomes. The primary outcome in this study was the
difference in postoperative complication rates between the SR and
ES groups. The secondary outcomes were the difference in the
conversion rate between the SR and ES groups and to identify risk
factors related to postprocedural complications.
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Table I. Baseline characteristics. 

Characteristic                                                                                                    Total (n=700) SR (n=84) ES (n=616) p-Value

Patient age, years                                                 Median (range)                      70 (18-96) 70 (18-96) 71 (45-92)                  0.95
Gender                                                                  Male                                     340 (48.6%) 41 (48.8%) 299 (48.5%)              >0.99
                                                                             Female                                  360 (51.4%) 43 (51.2%) 317 (51.5%)                  
BMI, kg/m2,                                                         Median (range)                 20.5 (13.1-36.6) 20.6 (13.1-35.8) 20.1 (13.9-36.6)             0.47
Diabetes mellitus, n (%)                                      Yes                                         98 (14.0%) 11 (11.9%) 74 (12.0%)                 0.62
Antithrombotic, n (%)                                         Yes                                        103 (14.7%) 10 (11.9%) 93 (15.1%)                 0.49
Disease, n (%)                                                      Digestive tumour                 340 (48.6%) 43 (51.2%) 297 (48.2%)                0.24
                                                                             HPB cancer                          206 (29.4%) 17 (20.2%) 189 (30.7%)                  
                                                                             Breast cancer                         80 (11.4%) 12 (14.3%) 68 (11.0%)                   
                                                                             Other                                      74 (10.6%) 12 (14.3%) 62 (10.1%)                   
Indication for TIVAD, n (%)                               Chemotherapy                      617 (88.1%) 74 (88.1%) 543 (88.2%)                0.80
                                                                             TPN                                       77 (11.0%) 9 (10.7%) 68 (11.0%)                   
                                                                             VA                                           6 (0.9%) 1 (1.2%) 5 (0.8%)                     
Puncture site, n (%)                                             IJV                                        276 (39.4%) 72 (85.7%) 204 (33.1%)              <0.01
                                                                             SV                                         424 (60.6%) 12 (14.3%) 412 (66.9%)                  
Postoperative antibiotic drug, n (%)                   Yes                                          64 (9.1%) 3 (3.6%) 81 (13.1%)                 0.07
Postoperative observation period, days              Median (range)                    253 (1-1893) 231 (1-1547) 260 (1-1893)                0.24

ES: Experienced surgeons; HPB: hepato-pancreatic-biliary; IJV: internal jugular vein; SR: surgical residents; SV: subclavian vein; TIVAD: totally
implantable central venous access device; TPN: total parenteral nutrition; VA: vascular access; BMI: body mass index.



Statistical analyses. Fisher’s exact test and Student’s t-test were
used to compare patient characteristics and complication rates
between the two groups. Risk factors related to complications were
analysed using univariate and multivariate logistic regression
analyses. Multivariate analysis was performed using variables with
p<0.3 in the univariate analysis as covariates. A value of p<0.05 was
considered statistically significant. All statistical analyses were
performed using EZR (16) (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna, Austria). 

Results

Patient characteristics. The success rate of TIVAD was
99.7% (700/702). In total, 84 and 616 TIVAD insertions
were performed in the SR and ES groups, respectively. Table
I shows patient characteristics for each group. There were no
differences between the two groups in patient backgrounds.
There was a significant difference in the puncture site
between the two groups: the SR group mainly punctured the
IJV, while the ES group mainly punctured the SV.
Postoperative antibiotic drug administration tended to be
higher in the ES group than in the SR group (p=0.07). The
postoperative observational period was similar for both the
groups. Figure 1 shows the number of TIVAD puncture sites
and rate of procedure performed by the SR group for each
year. The SV was mainly selected as the puncture site until
2018, and the selection of IJV as the puncture site increased
in 2019. Accordingly, TIVAD insertion by SRs increased
because of surgical education. Among the 700 TIVADs
inserted, 473 (67.6%), 88 (12.6%), 77 (11.0%), and 62

(8.8%) used MicroNeedle Port, X-Port isp, PowerPort M.R.I.
isp, and Celsite port, respectively.

Conversion and postoperative complications dependent on
puncture site. Table II summarises the conversion and
complications in all patients at each puncture site. The
puncture site was converted into six insertions (2.2%) from
the IJV to SV and into 15 insertions (3.5%) from the SV to
IJV. Reasons for conversion included failure of puncture in
12 insertions, arterial puncture in seven insertions, and
pneumothorax in two insertions. Overall, early, and delayed
complication rates considering all patients were 10.4%,
4.7%, and 5.7%, respectively. There were no significant
differences in the conversion and postoperative complication
rates between the puncture sites (i.e., IJV and SV).

Difference in conversion and postoperative complications
between the SR and ES groups. Table III summarises the
conversion and complications at each puncture site between
the SR and ES groups. The conversion from the IJV to the
SV as puncture site was similar for both groups (1.4% versus
2.5%, respectively; p>0.99), whereas that from the SV to IJV
was significantly higher in the SR group (25.0% versus
2.9%, respectively; p<0.01). Overall, early, and delayed
complication rates were similar for the two groups. However,
the rate of catheter kinking in the SR group was significantly
higher (p=0.03). Considering the puncture site, there was no
significant difference in catheter kinking in SV puncture
between the two groups. In contrast, catheter kinking for
puncturing the IJV in the SR group tended to be higher than
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Figure 1. Number of insertion sites for totally implantable central venous access devices and the proportion inserted by surgical resident (SR)
operators for each year for the internal jugular and subclavian veins.



that in the ES group (p=0.06). In SV puncture, overall and
early complications in the SR group were higher than those
in the ES group but the difference was not significant.
Although there was a significant difference in catheter
malposition (p=0.03) in SV puncture, this was due to a single
patient in the SR group who developed catheter malposition
among 12 patients undergoing SV puncture.

The rate of CRBI was 3.1% (22/700) in patients overall,
and there were no significant differences between the two
groups. Regarding infections per 1,000 catheter-days for the
whole cohort, there were 0.090 infections per 1,000 catheter-
days (22 catheter infections in 244,139 catheter-days). The

SR and ES groups developed 0.078 infections per 1, 000
catheter-days (two catheter infections in 25,733 catheter-
days) and 0.092 infections per 1,000 catheter-days (20
catheter infections in 218,406 catheter-days), respectively.

Risk factors for complications. Univariate analyses showed
that potential risk factors for overall complications were age
≥80 years, BMI ≥25 kg/m2, and SR operator; for early
complications they were age ≥80 years and SR operator; and
for delayed complications they were BMI ≥25 kg/m2 and IJV
puncture (Table IV). In the multivariate analyses, only BMI
≥25 kg/m2 was identified as an independent significant risk
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Table II. Summary of early, delay and overall complications at each puncture site.

Outcome                                                                                         Total (n=700), n (%) IJV (n=276), n (%) SV (n=424), n (%) p-Value

Conversion                               Overall                                                   21 (3.0%) 6 (2.2%) 15 (3.5%)                   0.37
Complications                          Overall                                                  73 (10.4%) 31 (11.2%) 42 (9.9%)                   0.61
Early*                                       Total                                                       33 (4.7%) 12 (4.3%) 21 (5.0%)                   0.86
                                                 Hematoma                                             18 (2.6%) 6 (2.2%) 12 (2.8%)                   0.64
                                                 Arterial puncture                                    7 (1.0%) 2 (0.7%) 5 (1.2%)                    0.71
                                                 Kinking in catheter                                6 (0.9%) 4 (1.4%) 2 (0.5%)                    0.22
                                                 Pneumothorax                                        3 (0.4%) 0 (0%) 3 (0.7%)                    0.28
Delayed*                                  Total                                                       40 (5.7%) 19 (6.9%) 21 (5.0%)                   0.32
                                                 CRBI                                                      22 (3.1%) 7 (2.5%) 15 (3.5%)                   0.51
                                                 Catheter obstruction                               7 (1.0%) 5 (1.8%) 2 (0.5%)                    0.12
                                                 Catheter fracture                                    4 (0.6%) 3 (1.1%) 1 (0.2%)                    0.31
                                                 Catheter malposition                              4 (0.6%) 3 (1.1%) 1 (0.2%)                    0.31
                                                 Catheter thrombosis                               3 (0.4%) 1 (0.4%) 2 (0.5%)                  >0.99
                                                 Inversion of port                                    1 (0.1%) 0 (0%) 1 (0.2%)                  >0.99

CRBI: Catheter-related bloodstream infection; IJV: internal jugular vein; SV: subclavian vein. *There is some overlap. 

Table III. Summary of the frequency of overall, early and delayed complications at each puncture site and by surgical resident (SR) and experienced
surgeon (ES) group.

Total (n=700), n (%) IJV (n=276), n (%) SV (n=424)

Outcome             SR (n=84) ES (n=616) p-Value SR (n=72) ES (n=204) p-Value SR (n=12) ES (n=412) p-Value

Conversion          Overall 4 (4.8%) 17 (2.8%)       0.30 1 (1.4%) 5 (2.5%)      >0.99 3 (25.0%) 12 (2.9%)     <0.01
Complications     Overall 12 (14.2%) 61 (9.9%)       0.25 9 (12.5%) 22 (10.8%)       0.67 3 (25.0%) 39 (9.5%)        0.11
Early*                  Total 7 (8.4%) 26 (4.4%)       0.10 5 (6.9%) 7 (3.4%)         0.31 2 (16.7%) 19 (4.6%)        0.11
                            Hematoma 2 (2.4%) 16 (2.6%)     >0.99 2 (2.8%) 4 (2.0%)         0.65 0 (0%) 12 (2.9%)     >0.99
                            Arterial puncture 1 (1.2%) 6 (1.0%)         0.59 0 (0%) 2 (1.0%)      >0.99 1 (8.3%) 4 (1.0%)         0.13
                            Kinking in catheter 3 (3.6%) 3 (0.5%)         0.03 3 (4.2%) 1 (0.5%)         0.06 0 (0%) 2 (0.5%)      >0.99
                            Pneumothorax 1 (1.2%) 2 (0.3%)         0.32 0 (0%) 0 (0%)        >0.99 1 (8.3%) 2 (0.5%)         0.08
Delayed*             Total 5 (6.0%) 35 (5.6%)       0.81 4 (5.6%) 15 (7.4%)        0.79 1 (8.3%) 20 (4.9%)        0.46
                            CRBI 2 (2.4%) 20 (3.2%)     >0.99 2 (2.8%) 5 (2.5%)      >0.99 0 (0%) 15 (3.6%)     >0.99
                            Catheter obstruction 0 (0%) 7 (1.1%)      >0.99 0 (0%) 5 (2.5%)         0.33 0 (0%) 2 (0.5%)      >0.99
                            Catheter fracture 2 (2.4%) 2 (0.3%)         0.07 2 (2.8%) 1 (0.5%)         0.17 0 (0%) 1 (0.2%)         0.24
                            Catheter malposition 1 (1.2%) 3 (0.5%)      >0.99 0 (0%) 3 (1.5%)         0.57 1 (8.3%) 0 (0%)          0.03
                            Catheter thrombosis 0 (0%) 3 (0.5%)      >0.99 0 (0%) 1 (0.5%)      >0.99 0 (0%) 2 (0.5%)      >0.99
                            Inversion of port 0 (0%) 1 (0.2%)      >0.99 0 (0%) 0 (0%)        >0.99 0 (0%) 2 (0.5%)      >0.99

CRBI: Catheter-related bloodstream infection; IJV: internal jugular vein; SV: subclavian vein. *There is some overlap. 
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factor for delayed complication (odds ratio=2.14, 95%
confidence interval=1.04-4.43; p=0.04). The SR operator was
not significantly associated with any complication (Table V).

All patients were divided into subgroups by BMI: <25 and
≥25 kg/m2. Details of delayed complications were compared
between the two subgroups. The incidence of catheter
thrombosis in the BMI ≥25 kg/m2 group was significantly
higher than that in the BMI <25 kg/m2 group (Table VI).

Discussion

Our results showed that for SV puncture, overall and early
complication rates in the SR group were relatively higher
than that in the ES group. Moreover, site conversion from
the SV to IJV was higher in the SR group than that in the ES
group. For IJV puncture, there was no significant difference
in overall, early, and delayed complications, although SRs
needed to be careful to prevent catheter kinking. In the
univariate and multivariate analyses of the risk factors, being
assigned to the SR group was not significantly associated
with overall, early, or delayed complications. To our
knowledge, this is the first study to demonstrate the safety
of percutaneous TIVAD insertion by SRs.

With the increasing number of patients with cancer,
physicians have shown interest in TIVAD insertion using a
percutaneous approach (17). The selection of venous sites
and approaches for TIVAD have already been discussed in
literature (18-22). According to a 27-year comprehensive
review of TIVAD insertion, a cut-down manoeuvre was not
the predominantly used approach (42.8%) (18). This
approach accounted for only 3.3% of TIVAD insertions in
Japan (23). On the contrary, percutaneous manoeuvres have
mainly been selected, among which, SV was the common
site used (58.5%) (18). However, percutaneous US-guided
IJV puncture may be a safe alternative approach to SV
puncture because it was reported to have a lower risk of
major mechanical complications than SV puncture in a

recent meta-analysis (22). Regarding surgical education of
TIVAD insertion, a cut-down manoeuvre of the cephalic vein
for TIVAD insertion by SRs was reported to be associated
with similar complication rates to that performed by ESs (11,
12). As far as we are aware, there have been no reports of
surgical education using percutaneous TIVAD insertion.

Generally, a cut-down method for TIVAD insertion has
lower complication rates than a percutaneous method. The
overall complication rates of cephalic vein cut-down method
for TIVAD insertion have been reported to be 4.5-4.6% (9,
10). The latest meta-analysis has suggested that a cut-down
method should be the first-line approach for TIVAD
insertion. However, the cut-down method has the
disadvantage of a low completion rate (82-92%) (8-10). The
percutaneous approach is generally associated with a
relatively higher risk of early complications, such as
pneumothorax, haemothorax, or arterial injury, compared
with the cephalic vein cut-down method (8, 9). In a review
of other reports on IJV or SV puncture, the complication
rates were as follows: Pneumothorax, <0.1-0.2% and 1.5-
3.1%, respectively; arterial puncture, 6.3-9.4% and 3.1-4.9%,
respectively; and overall complications, 6.3-11.8% and 6.2-
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Table V. Results of multivariate logistic analysis of risk factors for complications found to be significant in univariate analysis.

Overall complications Early complications Delayed complications

Variable                  Subgroup OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Age                        ≥80 Years 1.52 0.87-2.67        0.14 1.83 0.85-3.95        0.12                   
                               <80 Years Reference                   Reference                                    
BMI                        ≥25 kg/m2 1.49 0.81-2.74        0.20                  2.14 1.04-4.43         0.04
                               <25 kg/m2 Reference                                    Reference                   
Operator                 SR 1.54 0.79-3.02        0.20 2.06 0.86-4.92        0.10                   
                               ES Reference                   Reference                                    
Puncture site          IJV                                    1.44 0.76-2.73         0.27
                               SV                                    Reference                   

CI: Confidence interval; ES: experienced surgeons; IJV: internal jugular vein; OR: odds ratio; SR: surgical residents; SV: subclavian vein; BMI:
body mass index.

Table VI. Summary of delayed complications according to body mass
index (BMI).

Complication                        BMI<25                BMI≥25 p-Value
                                         (n=589), n (%)       (n=111), n (%)

Total*                                   29 (4.9%)               11 (9.9%)              0.05
CRBI                                    17 (2.9%)                5 (4.5%)               0.37
Catheter obstruction             5 (0.8%)                 2 (1.8%)               0.31
Catheter fracture                   3 (0.5%)                 1 (0.9%)               0.50
Catheter malposition            3 (0.5%)                 1 (0.9%)               0.50
Catheter thrombosis               0 (0%)                  3 (2.7%)             <0.01
Inversion of port                   1 (0.2%)                  0 (0%)              >0.99

CRBI: Catheter-related bloodstream infection. *There is some overlap. 



10.7%, respectively (19). In our study, the complication rates
are equivalent to those reported in several studies (19, 22,
24-26). Moreover, the completion rate was extremely high
(99.8%). We believe that TIVAD insertion using the
percutaneous approach is better than the cut-down approach
for resident’s surgical education because the percutaneous
technique has a high success rate and is easier to perform
than the cut-down technique for SRs.

SV puncture was mainly performed until 2018 in our
Department. However, the number of patients who underwent
IJV puncture increased in 2019 because SRs had increased
surgical training. The proportion of procedures performed by
SRs increased from 6.8% (6/88) in 2015 to 23.8% (37/155)
in 2019. Our Department has placed particular emphasis on
surgical education since 2019 because the number of surgeons
in surgical teams has increased. We consider that manpower
is required to spend more time on surgical education.

This study has indicated that SRs selected IJV puncture
during TIVAD insertion because SV puncture in the SR
group was associated with high conversion and complication
rates. After SRs acquired sufficient experience in puncturing
the IJV with US guidance, they started puncturing the SV.
However, the rate of catheter kinking in the SR group was
higher than that in the ES group, especially using IJV
puncture. ESs should be extra careful when providing
instructions to SRs when they perform the tunnelling of the
catheter under the skin.

CRBI is a well-known delayed complication of TIVAD
insertion. The frequency of CRBI in TIVAD insertion has
been reported to range from 6% to 27% (27-29), and the
infection rate per 1,000 catheter-days ranged from 0.011 to
1.6 (6, 13, 25, 30, 31). Our results were consistent with those
of previous reports (6, 13, 25, 27-31). TIVAD insertion by
SRs did not increase the incidence of CRBI. Education of
residents regarding insertion of a central venous catheter has
been reported to reduce the occurrence of CRBI (32).
Surgical education may be able to control the occurrence of
infections related to TIVAD insertion.

To the best of our knowledge, this is the first study to
demonstrate that obesity (BMI ≥25 kg/m2) is a risk factor for
delayed complications and increased risk of catheter
thrombosis. The proportion of catheter thrombosis was reported
to range from 0.3% to 28.3% in a systematic review (33). In
previous studies, the risk factors for catheter thrombosis were
metastatic breast cancer and left-sided implantation (34, 35),
but few studies have shown that obesity is a risk factor for
thrombosis. In our study, three cases of thrombosis were
observed, two for right-sided SV puncture and one for right-
sided IJV puncture. Obesity is a major risk factor for deep
venous thrombosis (36), and may also be associated with deep
venous thrombosis during TIVAD insertion. Patients with a
high BMI should be carefully considered for the risk of
catheter-related thrombosis as a delayed complication.

Our study has several limitations. Firstly, we retrospectively
collected data from a single-centre surgical database and
medical records. Secondly, the study had a selection bias. In
particular, the puncture site was significantly different between
the SR and ES groups because it was selected based on the
operator’s decision. Thirdly, the data on follow-up outcomes
might be insufficient for the assessment of delayed
complications because the follow-up period was short in cases
of benign disease or subsequent treatment at other hospitals.
Fourthly, information on the operative time and blood loss was
not available because it was not recorded. Fifthly, the benefits
of TIVAD placement on the upper arm have been reported for
safety and comfort (37). In this study, use of upper arm
TIVAD was not included because there was no case at our
Department. We consider that upper arm TIVAD insertion
should be examined for the safety of percutaneous TIVAD by
SRs. To overcome these limitations, our findings in the present
study requires validation in a future prospective study.

In conclusion, our study revealed that TIVAD insertion
into the IJV by SRs with real-time US guidance was safe,
considering catheter kinking. Although the evidence in this
study should be validated in future studies, we believe that
these findings will be useful for surgeons’ training.
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