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Abstract: Peritoneal carcinomatosis (PC) commonly represent drug resistance to intravenous (IV) 
chemotherapy in advanced or recurrent disease of solid tumors. For improving the prognosis of PC, 
intraperitoneal (IP) chemotherapy has been introduced in the clinical setting, and phase III trials proved the 
superiority of IP chemotherapy to IV chemotherapy, in particular, in advanced ovarian cancer. However, 
increased toxicities by IP chemotherapy lead to reduced cycles of chemotherapy, which does not guarantee its 
effectiveness. Moreover, hyperthermic IP chemotherapy after cytoreductive surgery also showed improved 
survival compared to IV chemotherapy in advanced ovarian cancer. Nevertheless, limited distribution 
and diffusion of drugs, and grade 3 or 4 renal and hepatic toxicity of 20% preclude the expansion of its 
application. On the other hand, pressurized intraperitoneal aerosol chemotherapy (PIPAC) is known to 
show the effect by delivering drugs to the parietal and visceral peritoneum in the form of aerosol under the 
abdominal pressure of 12 mmHg induced by laparoscopic system. Although low dose equivalent to about 
1% dose of resistant drugs for IV chemotherapy and normothermia are used in PIPAC, it may improve 
tumor response and quality of life by repetitive application of PIPAC due to the increased distribution and 
penetration depth of drugs. However, the heterogeneous distribution of drugs is still the major limitation 
of PIPAC because the nozzle is placed at the possible outlying position to the tumor-bearing tissues during 
laparoscopic surgery. Therefore, we developed a novel prototype for PIPAC, rotational intraperitoneal 
pressurized aerosol chemotherapy (RIPAC) system because rotation of the nozzle and change of spray 
direction can contribute to homogenous distribution of drugs, and compared the distribution of drugs 
between PIPAC and RIPAC in a porcine model mimicking human body. As a result, RIPAC was more 
effective than PIPAC in terms of the distribution of drugs into the visceral and parietal peritoneum.
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Introduction

Peritoneal carcinomatosis (PC) occurs commonly in 
advanced or recurrent disease of solid tumors. More than 
80% of patients with advanced ovarian cancer and 10–60% 
of those with recurrent colorectal cancer show PC (1,2). 

However, PC is one of the important factors related to the 
failure of treatment in patients with ovarian and colorectal 
cancers, who usually show poor survival of less than  
20 months (3).

The  cur ren t  s t r a t egy  u s ing  in t r avenous  ( IV) 
chemotherapy is limited to improve the prognosis of PC 
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because it develops as a result of multi-drug resistance (4).  
Thus, intraperitoneal (IP) chemotherapy has been suggested 
to increased survival, in particular, in patients with advanced 
ovarian cancer in phase III trials (5,6). However, increased 
toxicities by IP chemotherapy lead to reduced cycles 
of chemotherapy, which can contribute to the lack of 
superiority compared to IV chemotherapy (7).

For increas ing the ef fect  of  IP chemotherapy, 
hyperthermic intraperitoneal chemotherapy (HIPEC) 
after cytoreductive surgery has been introduced, which 
shows the drug effect under hyperthermia of 41–43 ℃ 
by destroying the microtubule system, inducing protein 
degeneration, and inhibiting angiogenesis in tumors 
(8,9). Although HIPEC has been shown to improve 
survival compared to IV chemotherapy in advanced 
ovarian cancer (10), limited distribution and diffusion of 
drugs, and grade 3 or 4 renal and hepatic toxicity of 20% 
preclude the expansion of its application in the clinical 
setting (11).

On the other hand, pressurized intraperitoneal aerosol 
chemotherapy (PIPAC) demonstrates the effect by 
delivering drugs to the parietal and visceral peritoneum 
in the form of aerosol under the abdominal pressure of  
12 mmHg induced by the laparoscopic system (12). 
Low dose equivalent to about 1% dose of drugs for IV 
chemotherapy and normothermia in PIPAC may decrease 
treatment-related toxicity compared to HIPEC (13,14). 
In spite of the use of resistant drugs, treatment response, 
and quality of life are improved by repetitive application of 
PIPAC due to the increased distribution and penetration 
depth of drugs (15,16).

Nevertheless, heterogeneous distribution of drugs is 
the major limitation of PIPAC because the nozzle is placed 
at the possible outlying position to the tumor-bearing 

tissues, which may be related to the reduced penetration 
depth. Thus, rotation of the nozzle and change of spray 
direction can be considered to overcome this limitation (17). 
Therefore, we developed a novel prototype for PIPAC, and 
will compare the distribution of drugs between PIPAC and 
rotational intraperitoneal pressurized aerosol chemotherapy 
(RIPAC) system in a porcine model mimicking human body 
(Video 1).

Operative techniques

Prototype development

For delivering drugs in the form of aerosol, we made a 
novel prototype for PIPAC (18).

The novel prototype for PIPAC sprays approximately 
30 μm drug droplets at a flow rate of 30 mL/min with 7 
bar pressures. The average diameter of sprayed region 
with concentrated dye was approximately 18.5 cm, which 
comparable to that of the current system of PIPAC  
(Figure 1).

Preparation

We used two female swine, which weighed from 40 to 
50 kg. For evaluating the distribution of drugs, we used 
1% methylene blue of 150 mL made by dilution of 1.5% 
methylene blue of 100 mL (Sigma-Aldrich, Seoul, South 
Korea) into 0.9% NaCl of 0.9%. Capnoperitoneum was 
made by CO2 insufflation via a Veress needle. We inserted 
three 12-mm bladeless trocars (Transport®; Dalim Corp., 
Seoul, South Korea) along the midline of the abdomen for 
IP chemotherapy, which was used as passages for insertion 
of the nebulizer, laparoscopic camera, and devices.

Figure 1 Novel prototype for PIPAC. PIPAC, pressurized intraperitoneal aerosol chemotherapy.
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Operative procedure

For PIPAC, the nebulizer was inserted into a 12-mm 
bladeless trocar, and 1% methylene blue of 150 mL was 
nebulized at 30 mL/min over a few seconds in the room 
temperature by the syringe pump which we developed 
previously (20 ℃) (18), and the abdominal pressure was 
maintained at 12 mmHg for 30 minutes. The aerosol was 
eliminated using a pressure-limited waste system including 
filter.

For RIPAC, we developed the conical pendulum 
motion device, which consists of a DC motor (12V/1.5A, 
GM35A-3323, Motorbank, Seoul, South Korea), a 3-D 
printed rotational stick, two end-stops (PCB mounted End-
stop switch, RepRap, England) and an Arduino Uno. The 

nozzle was inserted in a 3-D printed rotational stick, and 
locked with screw. The angle between the nozzle and the 
vertical line was determined 30 degrees by calculating the 
spraying angle of approximately 70 degrees. The rotational 
stick could not rotate the same direction continually 
because Teflon tube connected to the syringe pump could 
be got tangled. Thus, the rotational stick moved repeatedly 
clockwise and counterclockwise (Figure 2). Thereafter, 1% 
methylene blue of 150 mL was nebulized like PIPAC.

After completion of IP chemotherapy using 1% 
methylene blue, we sacrifice the two swine, and compared 
the distribution of methylene blue throughout the entire 
abdominal cavity between PIPAC and RIPAC. As a result, 
RIPAC stained the visceral and parietal peritoneum more 
strongly than PIPAC (Figure 3).

Figure 2 Setting of RIPAC in swine. RIPAC, rotational intraperitoneal pressurized aerosol chemotherapy.

Figure 3 Comparison of the distribution of drugs by using 1% methylene blue staining between (A) PIPAC and (B) RIPAC. PIPAC, 
pressurized intraperitoneal aerosol chemotherapy; RIPAC, rotational intraperitoneal pressurized aerosol chemotherapy.
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Comments

This experiment confirmed the potential that RIPAC can 
be superior to PIPAC in terms of the distribution of drugs 
into the peritoneum in a porcine model. In subsequent 
experiments, we also confirmed that RIPAC was superior 
to PIPAC in terms of the penetration depth and tissue 
concentration of drugs by repetitive experiments in a 
porcine model (19), which strongly suggests the potential 
that RIPAC may be more effective than PIPAC for treating 
PC.
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