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Abstract

Background: Port catheter (PC) is a classical route of administering chemotherapy
for breast cancer patients. We established a standard operating procedure (SOP) of
intraoperative ipsilateral subclavian PC implantation in selected resectable breast
cancer patients.

Methods: We conducted a prospective clinical study to assess its safety and com-
plications. A total of seventy six resectable breast cancer patients were included for
intraoperative ipsilateral subclavian PC implantation. Thirty patients receiving con-
ventional percutaneous contralateral PC implantation under local anesthesia at the
same period were recruited as control group. The time consuming of implantation,
and PC-related complications were recorded. Visual analog scale questionnaires were
used to assess patients’ satisfaction.

Results: Compared with conventional contralateral PC implantation under local an-
esthesia, SOP for intraoperative ipsilateral subclavian PC implantation significantly
shortens the time consuming (11.6 vs. 28.6 min, p < 0.001). With a median retention
time of 6.3 months, the overall incidence rate of PC-related complications is 21%, of
which the most common complications are infections and venous thromboembolism
(7.9% for each). Most patients (86.8%) with intraoperative ipsilateral subclavian PC
implantation have completed the whole chemotherapy successfully. Due to the gen-
eral anesthesia and shorter time consuming, intraoperative implantation gains signifi-
cantly more patients' satisfaction.

Conclusions: In the present study, we develop a SOP for intraoperative ipsilateral
subclavian PC implantation in resectable breast cancer patients, which is noval, con-
venient, and safe. In selected breast cancer patients with indications for adjuvant
chemotherapy, this practice could significantly shorten the time consuming of PC

implantation and improve the degree of patients' satisfaction.
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1 | BACKGROUND

Breast cancer is the most common female malignancy
worldwide, with about 260 thousands new incidence
and 40 thousands deaths per year in America.’ Adjuvant
chemotherapy plays an important role in treatments for
early-stage invasive breast cancer, along with surgery, ra-
diotherapy, endocrine therapy, and anti-HER2 therapy.z’3
It is frequently proposed in cases of poor prognosis fac-
tors: tumor size > 2 cm, LN positive, high histological
grade, vessel invasion, unsatisfactory molecular subtypes
(ie, ER/PR negative, HER-2+, triple negative breast can-
cer [TNBC]), and high Ki67 index.* Although genotyp-
ing methods, that is, Oncotype X, MammaPrint test, etc.,
have exclude some patients with low recurrence risk from
chemotherapy,” it is estimated that about 70% of operative
breast cancer patients benefit from adjuvant chemother-
apy.® The common adjuvant chemotherapy regimen for
breast cancer is based on 4-8 cycles (3—6 months); in case
of HER-2 positive, the adjuvant therapy would prolong to
12 months. Anthracycline, cyclophosphamide, paclitaxel,
and carboplatin are the major cytotoxic drugs used. >
The side effects of these drugs include myelosuppression,
vomit, alopecia, and venous toxicities,7 etc.

A central venous device is normally required for the ad-
ministration of adjuvant chemotherapy to avoid peripheral
venous punctures and venous toxicities.® To date, the pe-
ripherally inserted central catheter (PICC) and Port cathe-
ter (PC) have been the major two standard devices used in
this indication.”'° PICC can be easily inserted and removed,
but it needs maintenance at least once a week. PC is another
classical route of administering chemotherapy, which pro-
vides deep venous access and allows for iterative perfusions,
even for years.'' The same pattern of complications (mainly
thrombus events'> and infections”) is observed for both PC
and PICC. Compared with PICC, PC has been proved to be
associated with lower risk of major complications (infection,
thrombus, etc.) and costs.'+13

However, the insertion and removal of a PC are more in-
vasive than PICC. Conventionally, a PC would be implanted
percutaneously through the contralateral subclavian or inter-
nal jugular vein under local anesthesia a couple of days later
after breast operation.'®!” The subclavian vein has been the
prior approach for PC implantation in our institute. The sub-
clavian vein approach for PC implantation would need the
guide of ultrasound.'®!® Nevertheless, it perhaps still needs
several times of puncture when subclavian vein is too thin
or has anatomical variations (two-branch subclavian, rever-
sal position of artery and vein, etc.). The anxiety and mental
tension of patients, pain of invasive practice, and difficulty
in puncture have been the major problems in a PC implan-
tation, which could make it consuming hours, or finally
switch to general anesthesia or jugular vein approach. These
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embarrassing problems significantly decrease the patients’
satisfaction physically and psychologically.16’20’21 Thus, we
aim to develop a more convenient and comfortable method
for PC implantation to increase patients’ experience.

In a previous study, Omer etc. demonstrated that a PC
could be implanted on either ipsilateral or contralateral side
of the operation in breast patients suffering mastectomy and
axillary lymph node dissection (ALND), with no statistical
difference in PC-related complications.22 Since the ipsilateral
axillary/subclavian vessels could be clearly anatomized and
exposed during mastectomy and ALND, we seek to explore
whether a port catheter could be implanted through ipsilateral
axillary/subclavian vein intra-operatively. Here, we estab-
lished a standard operating procedure (SOP) of intraoperative
ipsilateral axillary/subclavian port catheter implantation and
conducted a prospective clinical study in selected resectable
breast cancer patients to assess its safety and complications.

2 | PATIENTS AND METHODS

2.1 | Study design

This prospective study was conducted at our institute. All pa-
tients were treated between April 2015 and May 2017. A total
of 76 patients were included. The choice of PC implantation
approach was at the discretion of surgeons. The inclusion
criteria were listed as follows: (a) Female patients aged 18—
70; (b) Initial treatment with diagnose of unilateral invasive
breast cancer; (¢) Undergo mastectomy and ALND; (d) Have
indications for chemotherapy according to pre-operative as-
sessment (with one or more poor prognostic factors): Tumor
size >2 cm, LN positive proved by pathology (fine needle or
core needle biopsy), unsatisfactory molecular subtypes (ie,
ER/PR negative, HER-2 positive, TNBC), high histological
grade (WHO |III), lymphovascular invasion, high Ki67 index
(>20%), young onset age (<35); (e) axillary/subclavian vein
diameter >5 mm. We excluded patients with a history of
thoracic radiation therapy, bilateral axillary node dissection,
anticoagulant therapy at cancer diagnosis, thrombosis, renal
dysfunction, chemotherapy contraindication, pregnancy or
breast-feeding, and psychiatric disease. All patients accepted
adjuvant chemotherapy using PC after breast operation, de-
pending on TNM stage and molecular subtype.

We also selected 30 patients receiving percutaneous con-
ventional contralateral PC implantation under local anesthe-
sia at the same period as control group. Selection method: we
selected the first two patients receiving conventional contra-
lateral PC implantation of each month from May 2015 to July
2016. The inclusion and exclusion criteria were generally the
same as mentioned above.

The characteristics of the included patients are listed in
Table 1.
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TABLE 1 Characteristics of breast cancer patients receiving subclavian port catheter implantation

Ipsilateral patients,  Contralateral patients,

Characteristic n =76 (100%) n =30 (100%)
Age (years)
Median 46.3 41.5
<40 23(30.3) 15 (50.0)
41-60 45 (59.2) 14 (46.7)
260 8 (10.5) 1(3.3)
Menopausal
No 55 (72.4) 24 (80.0)
Yes 21 (27.6) 6 (20.0)
Histologic

grade
Gl 1(1.3) 0 (0.0)
G2 41 (54.0) 16 (53.3)
G3 34 (44.7) 14 (46.7)
T stage
T1 30 (39.4) 9 (30.0)
T2 43 (56.6) 15 (50.0)
T3 2 (2.7) 2 (6.7)
T4 1(1.3) 4 (13.3)
N stage
NO 32 (42.1) 10 (33.4)
N1 24 (31.6) 9 (30.0)
N2 12 (15.8) 4 (13.3)
N3 8 (10.5) 7 (23.3)
TNM stage
I 18 (23.7) 18 (23.3)
I 37 (48.7) 11 (36.7)
I 21 (27.6) 12 (40.0)

Ipsilateral patients,  Contralateral patients,

Characteristic n =176 (100%) n =30 (100%)
LVI
No 42 (55.3) 15 (50.0)
Yes 34 (44.7) 15 (50.0)
PNI
No 62 (81.6) 25(83.3)
Yes 14 (18.4) 5(16.7)
ER
Negative 17 (22.4) 10 (33.3)
Positive 59 (77.6) 20 (66.7)
PR
Negative 24 (31.6) 13 (43.3)
Positive 52 (68.4) 17 (56.7)
HER-2
Negative 51 (67.1) 14 (46.7)
Positive 25(32.9) 16 (53.3)
Ki67 index
<20 25 (32.9) 7(23.3)
220 51(67.1) 23 (76.7)
Chemotherapy
AC or TC 18 (23.7) 5(16.7)
AC-T 58 (76.3) 25(83.3)
Anti-HER2

therapy
No 63 (82.9) 18 (60.0)
Yes 13 (17.1) 12 (40.0)
Radiotherapy
No 41 (53.9) 12 (40.0)
Yes 35 (46.1) 18 (60.0)

Note: Ipsilateral patients: Intraoperative ipsilateral subclavian port catheter implantation; Contralateral patients: Conventional percutaneous contralateral subclavian

port catheter implantation.

Abbreviations: HER-2, Human epidermal growth factor receptor-2; HR, Hormone receptor.

All participants have signed informed consent and this
study was approved by our Ethics Committee.

2.2 | Surgical technique
We developed a SOP for an intraoperative ipsilateral axil-
lary/subclavian PC implantation:

The patient is postured by supine position abducting the
upper limb by 90° under general anesthesia. After standard-
ized modified radical mastectomy, the ipsilateral axillary/
subclavian vessels are well exposed. A port catheter and ac-
cessories are prepared. Surgeons do the axillary/subclavian

vein (level 1l/11l) puncture under direct vision. A guide wire
is put in the vein through the induction syringe. Then, the in-
duction syringe is removed and the dilater is put in. The guide
wire is removed and the catheter is put in axillary vein to a
suitable depth (usually 15-20 cm according to the height of
patient). The catheter is passed through the Pectoralis major
to decrease the flexibility. The catheter is cut at an appropriate
length (usually 25-30 cm). Finally, surgeons link the catheter
to the transfusion port and fix the port on pectoralis major with
suture. After the device is tested, surgeons seal up the port, in-
dwell the drainage tubes and close the wound (see Figure 1;
Video S1). Time consuming of implantation is recorded (from
puncture to wound closure).
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FIGURE 1 Standard operating procedure for an intraoperative ipsilateral axillary/subclavian PC implantation

Standard operating procedure (SOP) for a B-ultrasonic
guided percutaneous conventional contralateral subclavian PC
implantation has been reported in many studies.>** In the pres-
ent study, we followed the previous procedures (see the instruc-
tions and the sketch map in additional file 2: Supplementary
File 1). Time consuming of implantation is recorded (from
puncture to wound closure, as indicated in the instructions), too.

2.3 |
to PC

Follow-up and complications related

All of the patients in the present study received chemo-
therapy and anti-HER2 therapy (if needed) after operation.
Patients with PCs were checked every time of injection.
Doppler-ultrasonography (DUS) was used to detect the ve-
nous thromboembolism (VTE) in the ipsilateral upper limb,
neck, or head (pain, edema, or headache) every 3 months.
Complications related to the PCs are sorted as follows:
puncture complications (pneumothorax on pulmonary X-ray,
hematoma, arterial puncture, nerve damage, puncture failure),
infections (local infection (redness and swelling, pain, and
even abscess), or catheter-related bacteremia (fever, shock)),

VTE on the catheter confirmed by DUS, infusion extravasa-
tion and mechanical complications (catheter dislodgement or
migration, reversal of the port, occlusion despite the use of
heparin, or urokinase protocols). We recorded the complica-
tions observed between the device insertion and its removal.

2.4 | Removal of PCs

PCs were removed under the situations of severe complica-
tions, such like uncontrolled local infection or catheter-related
bacteremia/septicemia, VTE, catheter dislodgement from the
vein. For other patients with no severe complications, PC
were removed after the end of the all cycles of chemotherapy
(or anti-HER?2 therapy if needed) and check-up (mostly at 6
or 12 months from the implantation).

2.5 | Patient's satisfaction assessment

For the purpose of evaluation, the visual analog scale (VAS)
questionnaires were used, as described in a previous study.16
Using the VAS, patients evaluated their sensation of pain
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(0 = no pain; 10 = extreme pain), their level of tension dur-
ing the procedure(0 = no tension; 10 = extreme tension),
their satisfaction with the procedure (0 = highly dissatisfied;
10 = highly satisfied), on implantation of PC.

2.6 | Statistical analysis

Comparisons between the two groups of patients were per-
formed using the T test. The statistical analyses were per-
formed by the SPSS, version 22.0 (SPSS Inc.). A tow-side
p < 0.05 was thought to be statistically significant.

3 | RESULTS
3.1 | Intraoperative ipsilateral subclavian
PC implantation is a convenient approach

We recorded the time consumption of PC implantation,
and the statistics revealed the mean time of an intraopera-
tive ipsilateral subclavian PC implantation was 11.6 min
(range from 8 to 15 min). We also chose 30 patients re-
ceiving conventional contralateral PC implantation in the
same period at random, and recorded the consuming time.
It took a mean 28.6 min (range from 22 to 40 min) for
a percutaneous conventional contralateral subclavian PC.
Intraoperative PC implantation significantly shortens the
time (p < 0.001).

3.2 | Complications related to intraoperative
ipsilateral axillary PC implantation

We record the time for removing drainage tubes and the com-
plications related to PC implantation in the follow-up. The
criteria for removing drainage tubes is <15 ml/24 h for one
tube in our institute. The mean time for removing drainage
tubes is 7.05 days, and for most patients, drainage tubes can
be removed within one week after operation, which is com-
parable to those 30 patients mentioned above without intra-
operative ipsilateral axillary PC implantation (mean time for
removing drainage tubes is 6.46 days).

The median retention time for patients with the intraoper-
ative ipsilateral axillary PC is 6.3 months (about 190 days), of
which PC was retained for 6 months in 56 patients, 12 months
in 9 patients, 15 months in 1 patients, <6 months in 10 patients.

As to complications, due to the puncture of vessels under
direct eyesight, severe puncture-related complications (he-
mathorax, pneumothorax, and puncture of artery) have be ef-
ficiently avoided in our study. As shown in Table 2, the overall
rate of patients with major complications is approximately
17.1%. Here we list and describe the major complications.

TABLE 2 PC-related complications and indications for removal

Patients, n (%)

Total 76 (100)
Patients with complications 13 (17.1)
Overall complications 16 (21.0)
Reason for removal
Complication 10 (13.2)
End of chemotherapy 66 (86.8)
Type of complications
Hematoma 1(1.3)
Catheter dislodgement 4(5.3)
Infections 6(7.9)
VTE 6(7.9)
Leakage 0(0)

Note: Three patients suffered Infections and VTE concurrently.

3.2.1 | Infections

In our study, six patients (6/76, 7.9%) suffered from PC-
related infections. Antibiotic therapy is the most important
treatments. For those patients with local abscess around
the port, we have invent a tiny lavage and drainage device
using scalp needle and syringe (see Figure 2). This tiny
lavage and drainage device is effective for local infection
and could keep patients from PC removal. If the infection
could not be controlled and even develop into septicemia,
the PC would be removed. In our study, three of the six
infected patients (3/6) have also developed venous throm-
boembolism concurrently.

3.2.2 | Venous thromboembolism (VTE)

VTE is also a common complication for PCs. In our study,
six patients (6/76, 7.9%) suffered from VTE in the ipsilat-
eral upper limb, axillary, or neck. The symptoms of VTE are
edema of the ipsilateral upper limb, pain, or fever. As men-
tioned above, VTE could be complicated with infections. Of
the six patients with VTE, three patients (3/6) got infections
(bacteremia) at the same time.

3.2.3 | Catheter dislodgement

The intraoperative ipsilateral axillary PC implantation has
some specific complication: catheter dislodgement from the
vein. Due to the potential subcutaneous cavity of the opera-
tion area (axillary, thoracic wall) and the exercise of ipsilat-
eral upper limb, the catheter could migrate and even drop
out from the vein. No blood drainage from the port before
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FIGURE 2 A tiny lavage and drainage device using scalp needle and syringe for local infections, especially effective for abscess

use could be the clinical symptom for catheter dislodgement,
which could be further confirmed by X-ray (see Figure 3).
In our study, 4 of 76 patients suffered from catheter dis-
lodgement. Catheter dislodgement always happen in first
2-4 weeks after operation. When catheter dislodgement hap-
pened, the PC should be removed.

3.2.4 | Removal of PCs

Overall, PCs of eleven patients (10/76, 13.2%) have to been
removed due to severe complications (6 VTE, 4 Catheter
dislodgement). Most patients (66/76, 86.8%) with intraopera-
tive ipsilateral axillary PC implantation have completed the

whole chemotherapy successfully. Removal of PCs is per-
formed under local anesthesia (see Figure 4).

3.3 | Intraoperative ipsilateral axillary PC
implantation gains more patients’ satisfaction

We use standardized questionnaires to evaluate the 30 pa-
tients’ satisfaction toward percutaneous conventional con-
tralateral PC implantation. We figure out that the average
scores for sensation of pain, level of tension, and their overall
satisfaction are 4.3 points, 4.4 points, and 6.2 points, respec-
tively. Due to the general anesthesia and shorter time con-
suming, intraoperative implantation gains significantly more
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FIGURE 3 Xray results of catheter dislodgement

favors in all aspects (no sensation of pain, no level of tension,
100% overall satisfaction).

4 | DISCUSSION

Adjuvant chemotherapy plays an important role in the
comprehensive treatment of breast cancer. In recent years,
pre-operative examinations have provided more and more
information for clinicians in tailoring the individualized ther-
apy, mostly due to pathological test of primary tumor and
regional lymph nodes (axillary or internal mammary).3 The
indications for adjuvant chemotherapy could be confirmed
for majority of breast cancer patients before operation.

PICC and PC are the standard center venous devices for
chemotherapy. In our institute, PC is more preferred choice,
for its convenience in use: iterative perfusions without weekly
maintenance. However, the insertion of PC is invasive, and
the patients’ satisfaction during this procedure is an embar-
rassing problem. In our study, we have assessed these factors
by standardized VAS questionnaires in patients receiving
conventional PC insertion under local anesthesia. We figure
out that patients’ satisfaction is significantly influenced by
the anxiety and mental tension, and pain of invasive practice.

In our study, we explore and develop a SOP for ipsilat-
eral axillary/subclavian PC implantation during breast cancer
operation, which perfectly resolves the problems above for
selected patients. Due to the general anesthesia and shorter
time consuming, patients no longer suffer these embarrassing
problems, thus, their satisfaction towards PC implantation
have raised to a high extent. Moreover, thanks to the puncture
of axillary/subclavian vein under direct eyesight of surgeons,
the procedure of intraoperative PC implantation can shorten
the time consuming significantly and avoid severe complica-
tions of puncture (hemathorax, pneumothorax, and puncture
of artery) effectively.

As described in the Results part, the intraoperative sub-
clavian PC implantation was convenient and took only about
11 min, this procedure did not increase the amount of general
analgesics that patients demand. Moreover, adding this novel
procedure in breast cancer operation did not extend the recov-
ery time after operation, when compared with those patients
just receiving regular operation (mean time for removing
drainage tubes: 7.05 vs. 6.46 days). This indicates that intra-
operative subclavian PC implantation would not increase the
extra-hospitalizations significantly. In our study, since both
approaches of subclavian PC implantation are minimal inva-
sive practices, we did not record the bleeding volume, which
was not a regular concerning factor in the previous studies
too.

In the previous literature, the major PC-related complica-
tions are infection and VTE, which could lead to the removal
of PC. The incidence for PC-related infection is approxi-
mately 3-12%,”* while that incidence for VTE is about
11-15% at 6 months.'*?® In our study, our data show that
incidence for major complications of intraoperative PC im-
plantation is similar to conventional PC implantation.

Some traditional surgeons take the opinion that the veins
of ipsilateral sick side should avoid blood drainage and cen-
tral venous catheter insertion to aggravate lymphedema.
However, in recent years, more and more studies demon-
strated that there was no difference in port complications or
lymphedema rates between patients who had ports placed on
the ipsilateral side compared with the contralateral side for
breast cancer treatment.***’

There are still some problems to be addressed further.
First, in our study, there are about half of the patients with
ipsilateral subclavian PC received radiotherapy. Whether
radiotherapy would increase PC-related complications is a
real question, which needs more patients and further fol-
low-up to explore. Second, in the present study, we only
choose and conduct ipsilateral subclavian PC implantation
in patients receiving mastectomy and ALND. Whether this
method could be applied in patients receiving breast con-
serving therapy or sentinel lymph node biopsy, need more
time and practice. Third, the present study is not a rigorous
randomized clinical trial (RCT). We admits that RCT is the
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FIGURE 4 Removal of ipsilateral PCs under local anesthesia

best way to assess the safety and efficiency of a clinical in-
tervention, however, since the technique is not a therapeu-
tic treatment and the choice of PC implantation approach
was at the discretion of surgeons, we conducted the present
study as a prospective clinical research. Maybe in future
RCT is needed to further explore the clinical significance
of this technique.

5 | CONCLUSION

In the present study, we develop a SOP for intraoperative
ipsilateral axillary/subclavian PC implantation in resectable
breast cancer patients, which is noval, convenient, and safe.
In selected breast cancer patients with indications for adju-
vant chemotherapy, this practice could significantly shorten
the time consuming of PC implantation and improve the de-
gree of patients’ satisfaction.
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