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Abstract. Background/Aim: Ovarian cancer remains one of
the most lethal malignancies in women. Optimal surgical
cytoreduction is the most important prognostic factor of
survival in patients with advanced ovarian cancer. The
helium gas plasma device (J-Plasma) has recently been
introduced into surgical treatment of these patients with
some promising results. The aim of this study was to evaluate
the utility of J-Plasma in the debulking surgery of patients
with ovarian cancer. Patients and Methods: A single center
retrospective analysis of the characteristics of patients with
ovarian cancer who had cytoreductive surgery with the use
of J-Plasma device from January of 2020 until July of 2022
was conducted. Results: A total of 13 patients were included
in our study. Six patients were treated with primary
debulking surgery, whereas seven underwent interval
debulking surgery after neoadjuvant chemotherapy.
Complete cytoreduction was achieved in nine patients (64%),
and CC-1 in four patients. Most of the patients did not face
any major complications; only 1 patient suffered from small
bowel fistula that needed relaparotomy. Conclusion: J-
Plasma can safely be used in ovarian cancer debulking
surgeries performed by gynecologic oncologists in tertiary
centres. This technology can safely increase the complete
cytoreduction rates.
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Epithelial ovarian cancer remains one of the most lethal
malignancies in women. Based on GLOBOCAN 2020,
ovarian cancer is third in incidence and second regarding the
mortality among all gynecological malignancies. It is
estimated that 313.959 new epithelial ovarian cancer cases
were diagnosed in 2020 worldwide, and 207.252 deaths
occurred by this cause (1). Most of the new cases are
diagnosed with advanced stage disease after dissemination to
the peritoneal cavity, leading to a 5-year survival rate of
30.8% (2). Treatment options for advanced stage patients
include upfront cytoreductive surgery supplemented with
platinum-based adjuvant chemotherapy or neoadjuvant
chemotherapy combined with bevacizumab followed by
interval debulking surgery (3, 4). The aim of all treatment
options is complete cytoreduction based on macroscopic
disease remained into the peritoneal cavity after the
cytoreductive surgery, as complete resection of all
macroscopic disease has been shown to be the most important
prognostic factor in advanced stage ovarian cancer (5).
Furthermore, a secondary objective remains the minimization
of intra- and post-operative complications that would be faced
by selecting the optimal treatment for any patient. This could
be achieved by evaluating several preoperative markers as
several published articles have demonstrated (6).

A lot of studies have investigated several different surgical
techniques and technologies that aim to complete
cytoreduction. Among them, the role of neutral argon plasma
(Plasmalet) in advanced ovarian cancer cytoreductive surgeries
has been studied adequately (7-9). Most of these studies
concluded that the use of neutral argon plasma is associated
with better surgical outcomes, higher rates of complete
cytoreduction, and longer disease-free and overall survival.

On the contrary, the utility of helium gas plasma (J-Plasma),
which combines the properties of helium plasma with a
proprietary radiofrequency waveform, has not been widely
discussed in the literature (10). The device combines the effects
of helium heated plasma fueled by electrosurgical energy
leading to precise and predictable effects with minimal depth of
diffusion of energy and therefore, no collateral damage to
surrounding healthy tissue. Based on its technical specifications,
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the J-Plasma even in its highest settings has a maximum depth
spread of approximately 2 mm and a maximum lateral spread
of 4 mm. This unique feature is extremely beneficial in surgical
procedures that need precision where the pathologic tissue must
be separated from vital organs that should be left unharmed,
such as peritonectomies near bowel or diaphragmatic stripping
(11). This study investigated the utility of helium gas plasma in
ovarian cancer cytoreductive surgery.

Patients and Methods

Patient characteristics. We report a single center retrospective
analysis of the data of patients with ovarian cancer that were
admitted in the Gynecologic Oncology Department of “Metaxa”
Memorial Cancer Hospital of Piraeus from January of 2020 until
July of 2022 and underwent either primary or interval cytoreductive
surgery with the use of J-Plasma. Only patients that were treated
surgically while using J-Plasma were included in our study.

A gynecologic oncologist was always one of the surgeons. All
surgeons were trained to perform operations with the J-Plasma
during the cytoreductive surgery, and someone with experience with
J-Plasma was always present.

Patient characteristics such as age, cancer antigen 125 (CA-125),
human epididymis protein-4 (HE-4), computed tomography (CT)
findings, FIGO stage, histologic type, type of surgical procedure
(primary or interval debulking surgery), completeness of cytoreduction
(CC-score), intraoperative and postoperative complications were
documented.

All patients that were eligible for undergoing cytoreduction
surgery, either primary or interval, were included. Patients with
recurrent disease, non-epithelial ovarian cancer, borderline tumors,
or ovarian metastasis of another primary tumor (Krukenberg
disease) were excluded from our retrospective analysis.

All patients provided written informed consent. All procedures
performed in this study were in accordance with the ethical
standards of the institutional research committee and with the 1964
Helsinki and its later amendments.

Preoperative management. Preoperative imaging with CT scans
were performed for all the included patients who underwent primary
or interval debulking surgery. Measurement of CA-125 and HE-4
was performed preoperatively.

Treatment. Treatment options included primary cytoreductive surgery
followed by 6 cycles of adjuvant chemotherapy (carboplatin,
paclitaxel, and bevacizumab) or 3 or 4 cycles neoadjuvant
chemotherapy (carboplatin, paclitaxel, and bevacizumab) followed by
interval debulking surgery and 3 cycles adjuvant chemotherapy with
the same regimens. Patients with tumor BRCA mutations received
maintenance therapy with poly (ADP-ribose) polymerase inhibitor
(12). Patients were subgrouped based on the time of their surgery into
two groups:

1. Primary debulking surgery (PDS) group, where patients were
treated surgically upfront and afterwards, they received adjuvant
chemotherapy treatment and

2. Interval debulking surgery (IDS) group, where patients were
treated surgically after 3 or 4 cycles of neo-adjuvant chemotherapy.
Surgical procedures included total hysterectomy, bilateral salpingo-
oophorectomy, radical omentectomy, diaphragmatic stripping if
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Table 1. Patient characteristics.

PDS (n=6) IDS (n=7)

Age (mean) 64.7 years  68.7 years
BMI (mean) 32.8 kg/m?  34.3 kg/m?
ECOG status (median) 1 1
FIGO stage

IA: 2 1IC: 5

IC: 1 IVA: 2

IIB: 1

IVA: 2
CA-125 preoperatively (mean) 498.7 377.7
CA-125 at diagnosis (for IDS group) (mean) - 1,8414
HE-4 preoperatively (mean) 166.3 413.3
HE-4 at diagnosis (for IDS group) (mean) - 867.3

PDS: Primary debulking surgery; IDS: interval debulking surgery; BMI:
body mass index; CA-125: cancer antigen 125; HE-4: human
epididymis protein 4.

necessary, total parietal peritonectomy and mesenteric
peritonectomy if there was any visible or palpable tumor, dissection
of small intestine and colon if necessary, and dissection of bulky
lymph nodes if they were recognized.

Completeness of cytoreduction (CC) was documented based on the
CC-score by Sugarbaker’s criteria. CC 0 indicated no residual
peritoneal disease, CC 1 less than 2.5 mm, CC 2 residual disease
between 2.5 mm and 2.5 cm, while CC 3 indicated presence of residual
tumor with a diameter more than 2.5 cm (13). Estimated blood loss was
calculated according to hemoglobin difference between preoperative
and first postoperative day blood samples. Length of hospital stay was
defined as the postoperative days until discharge. Complications were
classified based on Clavien-Dindo classification (14).

Primary endpoints of this retrospective study were the
completeness of cytoreduction, while secondary outcomes included
duration of surgery, blood loss, length of hospital stay, and
complication rate.

Statistical analysis. Statistical analysis was performed using SPSS
v.22.0 statistical software for Windows (SPSS, Chicago, IL, USA).
Descriptive statistics were used to describe the clinical,
demographic, and surgical variables. Quantitative variables have
been summarized by their median, mean and range.

Results

In total, 13 patients were treated for ovarian cancer with
cytoreductive surgery using J-Plasma. Among them six
patients were treated with primary cytoreductive surgery
(PDS) followed by adjuvant chemotherapy, while seven
patients were treated with interval debulking surgery (IDS)
after 3 or 4 cycles of neoadjuvant chemotherapy. Patient
characteristics are summarized in Table I.

Regarding the surgical outcomes, complete cytoreduction
(CC 0) based on Sugarbaker’s criteria was achieved in nine
patients, whereas CC 1 in four patients. Surgical procedures
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Table II. Surgical procedures and outcomes.

PDS (n=6) IDS (n=7)
Completeness of cytoreduction CCO0:3 CCO0:6
CC1:3 CCl1:1
Surgical procedures USO: 2 TAH+BSO: 7
TAH+BSO: 4 Radical omentectomy: 7
Radical omentectomy: 6 TPP: 3
PLND: 4 TDP: 1
PaLLND: 4 Sigmoidectomy: 1
TPP: 4
TMP: 2
TDP: 4

Splenectomy: 1
Nonanatomic HWR: 2

Operative time (mean)
Blood loss (mean)

287 min

3.6

189 min

g/dl 2.7 g/dl

USO: Unilateral salpingo-oophorectomy; TAH+BSO: total abdominal hysterectomy and bilateral salpingo-oophorectomy; PLND: pelvic lymph node
dissection; PaLND: para-aortic lymph node dissection; TPP: total parietal peritonectomy; TMP: total mesenteric peritonectomy; TDP: total diaphragmatic

peritonectomy; HWR: hepatic wedge resection.

are documented in Table II. Median operative time was 287
min in the PDS group whereas the IDS group had
significantly shorter operative time (189 min). Furthermore,
blood loss was 3.6 g/dl in the PDS group and 2.7 g/dl in IDS
group. Surgical outcomes are summarized in Table II.
Regarding complications, one patient suffered from small
bowel fistula that needed relaparotomy. Complications
according to Clavien—Dindo classification are summarized in
Table III. There were no urological complications, iatrogenic
diaphragmatic injuries, or patients requiring pleural drainage.

Discussion

Our study aimed to evaluate the surgical outcomes from the
usage of J-Plasma in the surgical treatment of patients with
ovarian cancer patients’ surgical treatment. Based on our
experience, the use of J-Plasma allowed us to succeed
complete cytoreduction in more ovarian cancer patients
without higher rates of complications.

The helium heated plasma is an innovative electrosurgical
device recently approved by FDA that uses the power of
helium gas plasma for precise surgical treatment of several
pathologies. This electrosurgical instrument allows a precise
coagulation and dissection of pathologic tissue with minimal
depth of diffusion of energy in the nearby tissue. Therefore,
there is a reduced risk of injury to adjacent vital organs or
healthy tissues. Moreover, J-Plasma device, due to its
attributes, allows for excision of abdominal adhesions with
reduced risk for iatrogenic injury. Table IV compares the
characteristics of different electrosurgical devices.

As Table IV demonstrates, thermal spread of J-Plasma is
the least among all the commonly used electrosurgical
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Table III. Complications according to Clavien—Dindo classification.

PDS (n=6) IDS (n=7)

Clavien—Dindo I: 6
Clavien—Dindo II: 3
Clavien—Dindo III: 1

Clavien—Dindo I: 7
Clavien—Dindo II: 4

PDS: Primary debulking surgery; IDS: interval debulking surgery.

devices (15). This minimal thermal spread was confirmed by
Pedroso et al. in 2017 (16). In this article, the authors
concluded that J-Plasma did not exceed 2 mm thermal spread
even at a maximum setting of 100% power after five seconds
on several tissues, such as ovarian and uterine tissue.
Moreover, they demonstrated that even exposure for up to
30 seconds did not increase the depth of thermal injury more
than 2.84 mm, a measurement that remains less than the
conventional monopolar electrosurgical pencil (16).

This retrospective study is only the third retrospective
analysis in the current published literature that evaluates the
possible efficacy of helium gas plasma (J-Plasma) in ovarian
cancer surgical treatment.

Recently, Theodoulidis et al. in their retrospective analysis
of the surgical treatment of patients with advanced ovarian
cancer concluded that J-Plasma could be safely used in
diaphragmatic resection with no J-Plasma-related
complications and no defect in diaphragmatic integrity (17).
These results are confirmed by our study, despite the smaller
number of diaphragmatic resections on our cohort. We must
also highlight that in our cohort population, J-Plasma was
safely used in patients that underwent total mesenteric
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Figure 2. Specimens of total abdominal hysterectomy combined with total parietal peritonectomy and total mesenteric peritonectomy.

Table IV. Comparison of different electrosurgical devices.

Device Energy source Thermal spread Energy control Grounding pad
J-Plasma Helium Plasma (RF) 0.2 mm Continuous or pulsed No
Electrosurgical Monopolar Pencil Electrosurgical (RF) 8.5 mm Continuous Yes
Ultrasonic Energy Frictional heat (high frequency) 2-3 mm Continuous or pulsed No
Argon Beam Argon Plasma (RF) 1.4 mm Continuous Yes

RF: Radiofrequency.

peritonectomy and total parietal peritonectomy (Figure 1,
Figure 2, and Figure 3).

Moreover, Gueli Alletti et al. reported their experience in
either laparotomic or laparoscopic surgical treatment of
gynecological malignancies. According to their results, J-
Plasma was applicable when the surgeons were facing
disease on the bowel serosa without infiltration of the
intestinal wall, on the diaphragmatic peritoneum and on the
intestinal mesentery. Furthermore, in Gueli Alletti et al.
concluded that surgeons reached the learning curve after
three procedures; a statement that was confirmed by our
initial experience with J-Plasma device (18).
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The use of cold atmospheric helium plasma has been
recently introduced into the surgical treatment for several
different pathologies from several different specialties.
Devices that use this kind of technology such as J-Plasma
have the advantage of minimal lateral and depth of thermal
spread in a variety of tissues compared to different devices
using conventional electrosurgical technology or even neutral
argon plasma (19). This important feature gives the
opportunity in surgeries where peritonectomies are required
to complete cytoreduction such as ovarian cancer debulking
surgeries, to be performed without any collateral damage to
nearby organs.
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Figure 4. Application of J-Plasma in omentectomy.

Several novel surgical devices have been introduced in
debulking surgeries for ovarian cancer. Among them, the
application of neutral argon plasma (Plasmalet) has been
increasingly used. Several articles have investigated the
utility of neutral argon plasma with some encouraging
results. More specifically, a randomized controlled trial
conducted in the Netherlands by Nieuwenhuyzen-de Boer et
al. concluded that the adjuvant use of Plasmalet during the
cytoreduction in patients with advanced ovarian cancer
resulted in a higher rate of complete cytoreduction and
higher quality of life at 6 months after surgery (7).
Interestingly, the group of patients that were treated with
Plasmalet neither faced more complications nor needed more
blood transfusion. Moreover, even though the difference was
not statistically significant, in the intervention group
(Plasmalet) the number of colostomies was lower (6.5% vs.
12.7%) (7). Until now, such a randomized control trial is
missing from the current literature regarding the utility of J-
Plasma in advanced ovarian cancer surgical treatment.

To our experience, the application of J-Plasma outperforms
the classic electrocoagulation technology in circumstances
where there are many small malignant implants on the small
intestines or on the large bowel (Figure 4). In the past, in order
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Figure 5. Resection of lesions on intestinal mesentery.

to achieve complete cytoreduction in such patients a bowel
resection was inevitable. The use of plasma energy facilitates
the removal of disease in the bowel serosa (rectal shaving) (18).
With the use of J-Plasma such lesions on the bowel’s mesentery
could be removed without damaging the blood supply and
without the need of bowel resection and anastomoses,
procedures that add surgical time and possible intra- and
postoperative complications such as leakage (Figure 5).

Our study has several limitations, starting from the small
number of patients included, which indicates however the
innovative nature of our approach and underlines the
necessity of more prospective randomized controlled trials
and metanalyses to clarify the efficacy and safety of the J-
Plasma use in ovarian cancer surgical treatment. Moreover,
the retrospective character of our study is also a limitation.

Conclusion

Summarizing, our study supports that J-Plasma can safely be
used in ovarian cancer debulking surgeries performed by
gynecologic oncologists in tertiary centers. The addition of
this technology can increase the complete cytoreduction rates
without any increase in the rate of complications.
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