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IRRE M ESE BT (PIPAC) A E(L B[ M REA R

[1E #1 =R, FTE, FEE
BABEFRE (Ri#E) HRASE, XiE#EM, 301700

€] E] BN MEBRNESERATAELRHTHEERR. 7 BT HAEENEECRERSBERN
BOFUNEERREAE. FR IHEEEFAH0.2mm, BEEEEAH0.07 mmEt, PARERDN, HRER
BN\FETF03mUsh, TREFBREN, YREREATEFT0S5mUsH, BETIEEIMIBKR, P
WEZRHE), BEAERNEK, YEHNATETF200psitt, BEREMEAR BREAEZRMLER, 4
REAH0.7 ml/s, TERE 4300 psiff, AR P MK FDsoh 16 UM, BEHETTIL89.2°, Fig
PIPACIEA—FMFTREANAHR R AR VRBRNBERT, ¥ AXZEAANHHE. REEASENRE
FERF SR,

[x # ] BEEED. BERINERBIELAT. BhAH. PuRE. BEAE

[HES%EE]

[cEtRER] A doi: 10/124587j.issni671571

Study on the Performance of Nebulizer for Pressurized Intraperitoneal
Aerosol Chemotherapy (PIPAC)

[ Authors ] ZHANG Lanfeng, GUO Guangjun, HOU Guibing
Ssejoy Medical Technology(Tianjin)Co., Ltd, Tianjin, 301700

[ Abstract ] Objective The study aims to investigate the performance of an atomized drug feeder for pressurized
intraperitoneal aerosol chemotherapy (PIPAC). Methods Laser diffraction spectroscopy was used to
measure the median particle size and spray angle. Results The smaller droplet diameter of aerosol was
achieved when using a nozzle diameter of 0.2 mm and a nozzle thickness of 0.07 mm. The nebulizer
could not produce steady-state aerosol when the liquid flow rate was less than or equal to 0.3 mL/s.
When the liquid flow rate is greater than or equal to 0.5 mL/s, as the working pressure increases, the
median particle size gradually decreases and the spray angle gradually increases.When the pressure
exceeded or equaled 200 psi,as the liquid flow rate increases, the spray angle gradually increases.At a
flow rate of 0.7 mL/s and working pressure of 300 psi, the median droplet diameter of aerosol D5y was 16
pm with a corresponding spray angle up to 89.2°. Conclusion As a novel intraperitoneal drug delivery
technology, PIPAC requires further research focusing on reducing droplet sizes , expanding drug
distribution , as well as improving tissue penetration and concentration levels.

[Key words] peritoneal metastasis, pressurized intraperitoneal aerosol chemotherapy, aerosolization, median droplet
diameter, spray angle

0 35 ALY, BRI WRIVRTT 5 s A oK R

( cytoreductive surgery, CRS) . 22 S8 I8 (LT .

HE R4 F%  (peritoneal metastasis, PM) & £ Fifi i i #GiE 16 TT  (hyperthermic intraperitoneal che-

JE Vg ) WA RS SN, B 5 TREA RIS, motherapy, HIPEC) %5, (HI& AR — /4 N
& By R ETARTT FE, IR RIE RN ER A, BEIREEE R,

ARGV o AR K AR FORE s AT ok /D 45 20114, BRINFF R FHS 3k T —FspiiyEesT H i

BEE PR, R BB RSN BEEME IE R ILIT (pressurized intraperitoneal

aerosol chemotherapy, PIPAC), H g & 7F & Ek ik sk
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A ng.h-.pressure Control panel
S injector
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Syringe with
b cytostatic

Power suppl:
(batteries)

e
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Fig.l PIPAC surgical device connection
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(R rp ik, b R T 25 i O AR IR
Wes FILMEEER, BRI TR 5k EH 2
FIEAL, WERIBTTACR,

PIPAC ¢ H M I o 25 25 75 i A LA LA 5 1
IPLH: TRIEBOHLIT 25934 BT BIEGE
le2a 24, PIPAC by 254 5d i i 55 (LT
BT TR T A N2 1, 4 o vk 83 2 21 ¥Rk e
73, Nt e 5 R BT EE R oy AR E , 25405y
MEIL), AIRE B A o i IR s 2
I, BEmE A HE N M . Bl
fLirftl, PIPACYERIEN ol LA R A2 iRk
B, AEA RN S 208 D 24
WCRAYHESRE R . PIPACYE T, BRI b
Fotb Mg 28 2505 RN D S i, s b
YR 2 o e 7 W s e 2 2 ] 2454 W M 3ok B ) T B2
WEz—, E—EREDEEN, HmEHReass
S MR RE YR A ), BEHG In e 2 20 25 4
HIE N

KPR AR LG T Zkekidt, ImKATHIZ
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EMER Y, G, 8o T EERREILTE
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TTRCFIRE Y BE .

AL Z KILPIPACTT TR 5 1L 8 M AR
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1.1 BRI EEE

Fibas ILETT R (RE) ARA R,
SR R H0.9%F M Bhia e (. BTIRK
FHO.9% S AL ST 5t i Bl B AL IT 254, A ST
MR CRFH0.9% & M i e it 47 ) , BT 3 e
1R FWE 22 Ok L (L (Bettersize 20008, FHARH
BB A PR 1), A b 2 oA UL ] (RS 25 52
B,

ASCHTATRIG = R L . b A
{1 T2 TR T AT A Al £
TR B EIS mmPE RN, BEOCERE R 1S5 mm,
WGESK S K St 1l ) B S 2420 mm,  EAgn <2
Fi7Re

WL

L S
HOR %A T

W% O P
R

B2 FRiE kLR

Fig.2 The clamping position of the product
R ETR. Wil B E X AIAZ RIS 00
HLHE Daniel GohlerZg s i & 1 4 %% (microin-
jection pump, MIP) = 5 fUHFSE, i i & K T
25 mL/minfhf, 7= Al AR AR RIA K . ASIRKFIR
H A H0.7 mLss, i ikE K300 psi, BFFEIEE
HAR. WIS R AR AR RN
1.3 AERERET, EENRZEENRIRE

A TFAEARIRAE R ET, ALY B
Flm RS & (. & EES SRR T3 40.6kW)
FRIE P AR L, 4> % E0.3 mL/s,
0.5mL/s, 0.7 mL/s=FhiR it &, L33k &
TR 2% 1% s 5250 psiftylRtal, B oy s 3ik.,
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1.4 SERPAAZNBEERES R

i 1o B fT 5 O B 125 4E.0.1~2000 pmfy R ~F
70 il A AL I 7 7™ A B R I R b A o Al B "R
JBHIMSE % FARE . Z5 1 i M W 1) L oo TR ]
FETE BT R A B LD G BRI 4 HYS mm
BB, b TRIEFILIERE, B o b Efad
AR T 2t 47, D (B AR & IR RTE 5
AREL, P = T T 1 A AR AL A 48 T % IR
&, EHZEMEIESEARE, Ao ER
3k,

e b SR R
(BRI AN AT 2, A R e ) H 173
VRI AR 1 74 07t 1 O 5 W8 W L 1F1 e 71V 48 1 AR
ApHIESE Z EEIfE -
_Qu_4x0 )
Ap T[XdD2
B2 (b 25 19 0, =0.7 mL/s % 14 i7% 3 F10.2 mm
LB RA AR, TR AV, 422.3 m/s,
22 MWEEERR. BIREEEX AR R
P RS ES i R I B Oh0.7 mL/s, IR E N
300 psi, IEEWEYEE L5 M250.20 mmy 0.25 mm,
0.30 mm, MM 5 R 55 0.07 mmit, I e AL
BfRgn 72 1B s 0 W% 5 B 45 311 245 0.07 mm
0.14 mm, 0.21 mm, M{¥% EH 4020 mm, SIEK
HI R R 2R,

k1 RABRRS, QA PR EDs,
Tab.l Median droplet.diameterDs, of acrosol with different nozzle

Vb

diameters
P um
15.85 18.21 20.98
0.07 15.87 18.57 21.71
15.79 18.69 21.57

K2 CRORBERRR, SR P 2Ds,

Tab.2 Median droplet diameter D5, of aerosol with different nozzle

thickness
Ff7, pm
15.85 19.18 23.79
0.20 15.87 19.67 24.07
15.79 20.13 23.85
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LA AR A X A 2 i B B &
HEE3R,

VAL H T e IR RE ARG L A R A R
B b L RLAR A SENR o A3 2 Y v (o7 L 4228 £ iy
Lol g, MY 40.07 mmibf, Fifi 35 M LA
HIEm, rhiokfe R RHE S LW E S
0.2 mmikf, FEEGTEF RN, thAskIiR
RIS LMY EAR 0.2 mm, MR R
0.07 mmit}, Hrrkiie/, AFTERY O

AR,
220 et 25 1R
§ 21— ploripas b § 23 | Pl LB
& 20 —fiokiien & o [ S
19 N 21
Z 18 & 19
& 17 d
£ 16 = 17
15 : : ; 15 : : ;
0.5 020 025 030 0 007 014 021
T5EHE FL4% /mm TS JEEJ /mm
(a) W EEH0.07 mmi, H1{37 (b) WEHE E 4 50.20 mmf, Hif
R IR AR 1Y 2 AR A I JEL B 11 06 FR

(a) Relationship between the median
droplet diameter and the nozzle
diameterwhen the nozzle
thickness is 0.07 mm

B30 W B A AR R A st AR I P AR A AR R R
Fig.3 Influence of the changes inthe thickness of the nozzle and the
diametepof the nozzle on the median particle size of the aerosol

23 AERIEHRET, EBHEXAIFENRIEE
4y Bl 5% E W R I & 5 0.3 mL/s. 0.5 mL/s,

0.7 mL/s, &MAk3k, ICRFERBEHE 11250 psiffy

S E AN PR,

£3 RARAKATT, &EEHEIAEZE SN

Tab.3 Time when the high pressure syringe reaches the set pressure
under different liquid flow

(b) Relationship between the median
droplet diameter and the nozzle
thicknesswhen the nozzle
diameter is 0.20 mm

03 R TCZIEF250 psi, ATEMARE AR
0.5 69
0.7 57

YR A A 0.3 mL/si}, i RS A% iR
250 psiis Jy, Fftas bt RS AR MK
AR R A0.5 mL/sit, & TR &8 151769 s/ Elik
W 1250 psi, Ffbasalmt HEa S Iak: 24k
R R A40.7 mL/sit, & RS &8 151757 s/R Elik
B H 11250 psi, FAb g It R A IR .

24 ARBEREMIEEAT, KBRKRR
Xl

1 F145 8128200 psi, 250 psifn300 psi, kM
iy B140.5 mL/s, 0.7 mL/sht i 47 HEZI 25 4 M
W, BEREER BN, JFEE3R, idx
BRI A A A RAEDso, 40 AFTR,
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R4 RFEAREBRENT, QEMKN PIZEZDs, A5 RRREBREAT, LWEKROREAE
Tab.4 Median droplet diameter D5 at different flow rates and pressures Tab.5 Aerosol spray Angle under different flow rate and pressure
fi; pm ¥ifir, ©
19.83 17.67 15.72 68.52 74.13 87.01
0.50 19.94 17.68 15.82 0.50 67.89 78.03 84.96
19.24 17.73 16.11 68.42 75.45 84.16
20.19 16.87 15.85 73.59 79.55 86.91
0.70 20.29 17.66 15.87 0.70 75.87 78.60 88.8
20.40 17.07 15.79 75.62 79.77 89.21

SEE T IR TR IR R 4y 91 40.5 mL/sFN0.7 mL/s,
25 B15200 psi, 250 psi, 300 psiflt s et i
B (b, M=l R s ok s e 4 7
B, SRR, BRI, Aok
BTN YD, SRR
o, SRR (b SR RO R 246 ) ™ N N5 51
H200 psilt, S eI B 1921 pm, [E 5] i Ao oo 8 ey Analc

I Rz T #4935 A 85 77 i B P (KL A2 4 21~30 - 90 [ wmEm
. . S N ~ 5 A A ~ —— W AT
2P A h300 psiftt, WIRFIL BRI Trshol ke T WP W 2 o O ’;%///
A15~16 um, IA ARk, A FI 25 & 7 & 7
PO R WL b =
21 21 65] 50 260 2;0 360 651 50 260 2;0 3(.)0
g 20 g 20 & J1/psi JEJ1/psi
e \ € O[ e (a) it 0.5 mL/s (b) Wi 40.7 mL/s
5}1; 18 h }!; 18 7;;1;*“;1 (a) Flow rate is 0.5 mL/s (b) Flow rate is 0.7 mL/s
= 17 S n:ﬂ:ﬂyﬁ = 17 ”51%%%‘2 > v A > = 2 Z
T o6 Pl s = Ao —phun H6 RRAZET, MEFAREEHNGXE .
s — ok A3 ) B3 ) , Fig.6 Relationship between spray angle and pressure at different flow
150 200 250 300 150 200 250 300 rates
J& J1/psi J& J1/psi 2 6 = OO /= spia Ol \
) = N ~ RY,
(a) P RERO.5 mLis (b) Wit 0.7 mLs %ﬂf’ﬁ% _"'ﬁ_ﬂﬁtg Rk L
(a) Flow rate 1s 0.5 mL/s (b) Flow rate is 0.7 mL/s *Eﬁl‘;ﬂi%?ﬁ{mui%%, 4%{%%1&%%07 mL/s ,
B4 T FA S R b 2 5 R TR He 1€ 4300 psiltf, MK S5 1t & A Ry i fk

Fig.4 Relationshipbetween he median droplet diameter and pressure at '?élj\:‘l: 16 um, ?ﬁﬁi”ﬁ%@i%*ﬁfﬁ&iﬁ@ﬁﬂﬁ@f

different flow rates
e . srAade, i oPTR,
25 ARARE. ARESE, BERENEL e
X o~ G L) 7]

FEH:H147 5174200 psi, 250 psiFii300 psi, i Tab.6 Typical particle size distribution
05 mbis, 0.7 mESRELEAIEAPL S O0LL T e mR o
WEREIER BN, HEE3K., IdxkEK <5 0.08
MR A RIS 25 R, an /s SPR. <15 45.12
6 R T8 T St Z R A B ANl B s <20 67.32
T, BB EAER, T =M s <30 90.10
EMERA AT, Minm—Eht, BEEE DR, <50 99.76
W% A AR TR MR —ER, BEE <100 100
MR, W% AE SRR, e
0.7 mL/sft, WEZE MR ATFT0°; 4ifm40.5 mL/s, M2 ORIBARERT A, 99.68 % ORI E 2K T
514250 psife LA B, WEEE fRER R T70°, 15 umIt H /2150 um P SO IRIE Sk,
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¥ Ja AL B IR IR A L AR T . o T B
g 5 R I AR AL IR R R AR 2 e, AL
o CEAN [T e Ik 235 = Wi iR) e AL & fEAS
i R N il 2 S I N R 29 e i

2 I 2450.07 mmibt, [l 5 WY E R R b
i, Hp RS R M B R A
0.2 mmitt, [fiEMTEERERIE N, ORISR
HRRIERA, Eid LA AR, YW E S
730.2 mm, WY EE 4 0.07 mmik, w7k 1R B
/N, BRITIERY BOCH SRR, MR HE Rt
M 55 R RIS o B AR AR A SR AR R/ N S Ml
e, YT R BRI ELASARSE AT, RTRES(E
H it — 2B RS, FRE— PRI,

YR EE TS/ F0.3 mL/sif, Joik M iR
BIIEBIE K, M & KT 8% 0.5 mL/skt,
A LA B Fa B R NK, 1% 5 Daniel GohlerZs!
xef ] A7 M AR {58 FH B e v S 3 7 o B B SR A e AE
6, BP9 @R % T 8im T 25 mL/min i, &3
FRERTRRTIE K. FEREE R, FILESR
5 H 250 psifyist el 4a%e, FHeT DA AR A
SIERTEAAEE P A T KBTSk
HFPIPACIRTT (It % 2% FURF{E 2k . RS &
JHE10~20 barfkf, WE% &% Ny REF= LR,

Yim R T8 T0.5 mL/sht, [l & H Dy
K, AR ERER DR YR DKRTET
200 psiftf, EREFEASHHE, R F
fr ki I s A B i . Daniel Gohler, Dipl.-IngZ&!
X} | S AP AN [R5 % % b4 o LR gE, 28 B4
AN 25 i F S 7 AR IR IR R i R AR A B 3
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200 psiftt, FEEGERAIE R, B3 M B IR 2K b
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