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Study on the interaction between polymeric medical devices and pharmaceuticals
-Effects of characteristics of pharmaceutics on environmental stress cracking on
polymeric medical devices induced by their interaction—

Hideyuki Sakoda, Masami Aizawa, Asako Ueda, Hitomi Toida, Miyuki Uematsu, Ryusuke Nakaoka,
Atsuko Miyajima, Yuji Haishima®

It has been reported that some polymeric medical devices used for pharmaceutical administration
are broken under the influence of the pharmaceuticals. These medical devices are composed of various
polymeric materials, and the pharmaceuticals contain additives such as fat emulsions and surfactants
in addition to the active ingredients with different pH ranges from 2 to 12. Because there are various
combinations of polymeric materials and pharmaceutical ingredients in clinical usage, in this study,
possible combinations causing failures were identified by comprehensive analysis and verification tests
using products, and mechanism of the failure was investigated.

From results of simple immersion tests and reports of clinical failures, it was considered that the failures
were not caused by the lack of chemical resistance of the polymeric materials but by environmental
stress cracking (ESC), induced by the stress generated in the material and developed by interaction
with a specific chemical. Therefore, we developed a simple evaluation method of ESC and identified
combinations that might cause ESC. Polycarbonate was found to be damaged by alkaline solution and
oils, fats and surfactants. On polyethylene terephthalate, damages by alkaline solution, disinfecting
alcohols, and oils and fats, and surfactants was observed. Polymethyl methacrylate was also damaged by
disinfecting alcohols. The interaction observed on polycarbonate was reproduced by the verification tests
using products. As results of stress state verification using carbon tetrachloride, a well-known chemical to
cause ESC, fractographic analysis, and other studies, it was confirmed that these failures induced by the
interaction between the hard polymers and pharmaceutical ingredients were caused by ESC. Expression
of cytotoxicity due to the induction of the interaction was not detected in any combinations.

There are two probable causes to generate the stress in medical devices: residual stress generated
during the manufacturing process and stress associated with the circuit connection procedure. It might
be possible to avoid the occurrence of the ESC, in the former case by removing the residual stress by
additional processes such as annealing, and in the latter case by introducing a pharmaceutical after
connecting the circuit and not performing desorption operation while the pharmaceutical remains in

the circuit.
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Table 1. Polymer sheet materials used in this study

Abbreviation Material Thickness [mm] Manufacturer Product name
PU Polyurethane 0.302 Sheedom Dus-202-CDR
PE Polyethylene 0.307 Hitachi Chemical EL-N-AN
PP Polypropylene 0.207 Sekisui Seikei Px-P-R
NY 6-nylon 0.335 DSM Novamid 1033NY
PC Polycarbonate 0.305 Sumitomo Bakelite  Sunloid PC ECG101
PVC Polyvinyl chloride 0.202 Morino Kako 100E
PET iig;ﬁ?g;f;i 0.212 Mineron Kasei P(A-PET)
PMMA Polymethyl 0217 Nitto Jushi Kogyo 001

methacrylate
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Table2. Simulated acids and alkaline solutions used in this

Table 3. Simulated alkaline solutions

study used for pH threshold analysis
Abbreviation Classification pH Composition Abbreviation pH Composition
. 0.5M CH;COONa 0.2M NaH,PO,
Al Acid 2 05M HCI pH 8 8 +NaOH
. 0.29M NaH,PO, 0.2M NaH,PO,
A2 Acid 2 021M H,PO, pH 9 9 +NaOH
N Neutral 7 297mM NayHPO,7H,0 pH 10 10 +NaOH
(PBS)
155.17mM NaCl
81 Base " 0.48M Na,CO, P +NaOH
0.02M NaHCO,
0.5M Na,HPO,
B2 Base 12 03M NaOH
Table 4. Disinfectants tested in this study
Abbreviation Product name / Manufacturer Composition
EtOH Disinfection ethanol IP 76.9-81.4 vol% EtOH
Ken-ei Pharmaceutical Contains isopropanol as an additive
JP isopropanol . o
P Fujifilm Wako Pure Chemical Diluted to 70%
WT Clear Power Contains quaternary ammonium salts,
Hakujuji amphoteric surfactants and sodium hydroxide
Table 5. Oil and fat, and surfactant solutions tested in this study. Diluted with PBS
Abbreviation Description Manufacturer Product name
EDA Ethylene diamine Fujifilm Wako Pure Chemical 1, 2-Diaminoethane
PG Propylene glycol Maruishi Pharmaceutical JP Propylene glycol
PG+EDA Mixed solution of PG and EDA
BA Benzyl alcohol Fujifilm Wako Pure Chemical Benzyl alcohol
HCO Polyoxyethylene hydrogenated Kao Corporation Emanon CH-60(K)
castor oil
PS Polysorbate NOF Corporation Polysorbate 80
0O+EL Mixed solution of olive oil Kozakai Pharmaceutical JP olive oil
and egg yolk lecithin Kewpie Corporation Egg yolk lecithin PL-100M
SO+EL Mixed solution of soybean oil Kozakai Pharmaceutical JP soybean oil

and egg yolk lecithin Kewpie Corporation Egg yolk lecithin PL-100M

MR 2RI L 72 b 72 (366). &b, FEIFEMIC
BWTiE, PIRETIEH 521 mol/LONaOH%Z & D
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RERA IS ) & faf L 72 RS CREBL I B S 2 %
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(v ¥y 27 ¥+ 21)A410mm, ¥7ILIL) 12— 1
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Table 6. Solutions used to investigate the effects of nonpolar additives to polyoxyethylene hydrogenated castor oil

solution
Abbreviation Components
20 mL of FLORID-F 200mg for Inj. (Mochida Pharmaceutical) was diluted with 55 mL
FLORID of saline (Normal Saline Syringe Otsuka, Otsuka Pharmaceutical). Contains miconazol,

polyoxyethylene hydrogenated castor oil, lactic acid and saline.

2 g of polyoxyethylene hydrogenated castor oil and 22.0-37.1 mg of lactic acid

Simulated FLORID (Fujifilm Wako Pure Chemical, 129-02666) was dissolved in 75 mL of saline. Contains

solution polyoxyethylene hydrogenated castor oil, lactic acid and saline.
Bis(2-ethylhexyl) phthalate (Tokyo Chemical Industry, P0297) was dissolved in a
HCO+DEHP phosphate buffered saline solution that contains 6% of polyoxyethylene hydrogenated
castor oil.
Tris (2-ethylhexyl) Trimellitate was dissolved in a phosphate buffered saline solution that
HCO+TOTM . o .
contains 6% of polyoxyethylene hydrogenated castor oil.
Squalene (Fujifilm Wako Pure Chemical, 198-09735, or Tokyo Chemical Industry, H0097)
HCO+SQ was dissolved in a phosphate buffered saline solution that contains 6% of polyoxyethylene
hydrogenated castor oil.
HCO+00 Olive oil (Sigma-Aldrich Japan, 23-0400-6) was dissolved in a phosphate buffered saline
solution that contains 6% of polyoxyethylene hydrogenated castor oil.
<>

)
[
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Fig. 1. Bending immersion test using styrene foam as
a simple evaluation method of ESC
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Fig.2. Tensile immersion test for polyurethane
specimens to evaluate resistance to ESC a)
with and b) without metallic jigs
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Table 7. Medical devices used for verification tests. Major material indicated in brackets. ABS: acrylonitrile

butadiene styrene
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Product

Upper end

Major components

Lower end

g O w

Female connector (PC)
Male connector (ABS)
Upper end adapter (PC)
Spike

Filter, Y-site
Filter

Drip chamber, roller clamp

Male connector (PC)
Male connector (PC)
Male connector (PC)

Male connector (PC)

o)

Spike

Female connector (PET)
Female connector (PC)

Female connector (PET)

Drip chamber, roller clamp,

three way stop cocks (PC), filter

Filter
Filter
Filter, Y-site

Lower end cannula (PC)

Male connector (PC)
Male connector (PC)
Male connector (ABS)
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Table 8. Pharmaceuticals used for verification tests

Abbreviation Manufacturer Product name Description
pH 12 GlaxoSmithKline Diluent for Flolan for injection As provided
pH 11 Otsuka Pharmaceutical THAM Injection SET Pl of PILAN for injection
EDA Kyorin Rimedio AMINSC()) fulgiz?égf “I;/Itilézyenous As provided
HCO Mochida Pharmaceuttical FLORID—.F 200 mg for Inj. 20 mL of FLORID—E
Otsuka Pharmaceutical Normal Saline Syringe Otsuka + 55 mL of normal saline
PS Sanofi . Ancaron 150 mg for. Inj. 6 mL of Ancaron .
Otsuka Pharmaceutical Otsuka Glucose Injection 5% + 20 mL of glucose solution
SO Otsuka Pharmaceutical Intralipos Injection 20% As provided
Table 9. Results of bending immersion tests and tensile immersion tests
Polymer PU PE PP NY PC pPVC PET PMMA
e [%] 100 7.7 52 84 76 51 5.3 4.3
Al 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
A2 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
Bl 0/3 0/3 0/3 0/3 3/9 0/3 9/9 0/3
B2 0/3 0/3 0/3 0/3 4/9 0/3 9/9 0/3
EtOH 0/3 0/3 0/3 0/3 0/3 0/3 3/3 3/3
P 0/3 0/3 0/3 0/3 0/3 0/3 3/3 3/3
WT - - - - 0/6 - - 12/12
EDA 0.15% 0/3 0/3 0/3 0/3 0/3 0/3 3/3 0/3
PG 7% 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
PG 85% + EDA 0.15% 0/3 0/3 0/3 0/3 1/3 0/3 3/3 0/3
BA 2% - - - - 3/3 - 3/3 -
BA 1% 0/3 0/3 0/3 0/3 0/3 0/3 3/3 0/3
HCO 6% - - - - 0/3 - 3/3 -
HCO 0.2% 0/3 0/3 0/3 0/3 0/3 0/3 3/3 0/3
PS 8% - - - - 1/3 - 3/3 -
PS 3.2% 0/3 0/3 0/3 0/3 0/3 0/3 3/3 0/3
00 10% + EL 5% 0/3 0/3 0/3 0/3 2/3 0/3 3/3 0/3
SO 10% + EL 5% 0/3 0/3 0/3 0/3 2/3 0/3 3/3 0/3

Results are shown as the ratio of the number of failed specimens to total number of tested specimens
- Not tested
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Table10. Results of threshold analysis on the combination between PC and PET, and alkaline solutions

L [mm] ¢ [%] Al A2 N pH 8 pH 9 pH10 pHI11 B1 B2

4 7.6 0/3 0/3 0/3 0/3 073 0/3 0/3 4/6 3/6

PC 5 6.1 0/3 073 0/3 0/3 073 0/3 0/3 0/3 0/3
6 5.1 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3

4 5.3 0/3 0/3 0/3 0/6 0/6 3/6 6/6 6/6 6/6

6 35 - - - - - - - - 3/3

12 18 - - - - - - - - 3/3

PET 15 14 - - - - - - - - 171
20 11 - - - - - - - - 1/1

25 0.8 - - - - - - - - 1/1

Results are shown as the ratio of the number of failed specimens to the total number of tested specimens

- : Not tested

Table11. Results of threshold analysis on the
combination between PET and PMMA, and
alcohol solutions

Table12. Results of threshold analysis on the

combination between PC and oils and fats,
and surfactant solutions

L [mm] e [%] EtOH 1P Solution Results

6 35 3/3 3/3 PG 85% + EDA 0.14% 1/3

PET 10 2.1 3/3 3/3 PG 7.0% + EDA 0.15% 3/3

20 1.1 3/3 3/3 PG 5.0% + EDA 0.1% 0/3

5 4.3 3/3 3/3 PG 2.0% + EDA 0.04% 0/3

PMMA 10 2.2 3/3 3/3 PG 7% 0/6

20 1.1 3/3 3/3 EDA 0.15% 0/6

Results are shown as the ratio of the number of failed BA 2% 3/3

specimens to the total number of tested specimens BA 1% 0/3

HCO 6% 0/15

BfElE, Zh24pH 1L UpH 10CH -7 %72, PC HCO 0.2% 073

BRRERVOTH (76%) %52 BB CORHEHL PS 8% 173

75, PETIXER L 72 5/h D O3 A4 (0.8%) THREL 7. PS 32% 0/3

—SEWETOMAAE SN DHTH 7V a—VEIZD 00 10% + EL 5% 2/3

WClE, 79AF v 7= MNIMbLOTHAOKEES % 00 5% + EL 25% 1/3

WA S TR LM E, PETRUOPMMAL 12, & 00 2% + EL 1% 1/3

B L 72 i/MED O3 A (11%) THREEO LN 00 1% + EL 05% 0/3
WE - FIGEERIE OB 2 KT & THBRZ 1T - 724

S PCLEBLRMIR I O TR AL 4 & 25 1%L L ool e 00 0% * EL 025% 0

THARL 2. PETIE, IR OV 6 P A & 4 £70.1% S0 10% =+ BL 5% 23

FMOMIREETS, 7 a— VEORE & HPLL 782 S0 5% + EL 2.5% 3/3

GBI Sz, SO 2% + EL 1% 3/3

HCOHifk®, HCOZ ZLH A THH 71 1) — F A2 SO 1% + EL 05% 0/3

B L7 T, PCIIBEHRZ A U o 7248, FEAIKL SO 05% + EL 0.25% 0/3

GEELT7O) — FERS, WEEtY=vicEEns
WK T HBis (2-ethylhexyl) phthalate (DEHP) M

Results are shown as the ratio of the number of failed
specimens to the total number of tested specimens
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Table13. Results of threshold analysis on the
combination between PET and oils and fats,
and surfactant solutions

Table14. Results of investigation on the effects of
nonpolar additives to polyoxyethylene
hydrogenated castor oil solution

Solution Results
PG 85% + EDA 0.14% 3/3
PG 7% 4/6
PG 5% 0/3
PG 2% 0/3
EDA 0.15% 3/3
EDA 0.10% 3/3
EDA 0.05% 3/3
EDA 0.02% 3/3
EDA 0.01% 0/3
BA 2% 3/3
BA 1% 3/3
BA 05% 3/3
BA 0.25% 3/3
BA 0.1% 3/3
BA 0.05% 0/3
HCO 6% 3/3
HCO 0.2% 3/3
HCO 0.1% 3/3
HCO 0.05% 3/3
HCO 0.02% 3/3
HCO 0.01% 0/3
PS 8% 3/3
PS 3.2% 3/3
PS 1.0% 3/3
PS 05% 3/3
PS 0.2% 3/3
PS 0.1% 0/3
00 10% + EL 5% 3/3
00 5% + EL 2.5% 2/3
00 2% + EL 1% 3/3
00 1% + EL 0.52% 3/3
00 05% + EL 0.25% 3/3
00 0.25% + EL 0.125% 3/3
00 0.125% + EL 0.0625% 3/3
SO 10% + EL 5% 3/3
SO 5% + EL 25% 3/3
SO 2% + EL 1% 3/3
SO 1% + EL 0.5% 3/3
SO 05% + EL 0.25% 3/3
SO 0.25% + EL 0.125% 3/3
SO 0.125% + EL 0.0625% 3/3

Results are shown as the ratio of the number of failed
specimens to the total number of tested specimens

Solution Results
FLORID 2/6
Simulated FLORID solution 0/6
HCO 6% + DEHP 1% 6/6
HCO 6% + DEHP 0.5% 6/6
HCO 6% + DEHP 0.1% 0/6
HCO 6% + TOTM 1% 3/3
HCO 6% + TOTM 0.5% 3/6
HCO 6% + TOTM 0.1% 5/6
HCO 6% + SQ 1% 6/6
HCO 6% + SQ 0.5% 6/6
HCO 6% + SQ 0.1% 5/6
HCO 6% + 00 1% 5/6
HCO 6% + 00 0.5% 1/6
HCO 6% + 00 0.1% 1/6

Results are shown as the number of failed specimens to
the total number of tested specimens

U°Tris (2 -ethylhexyl) Trimellitate (TOTM), E&NE
HTHabrA27 7L ¥ (SQ), #EITAHY =73 (00)
ZHCOIWZAIN L TRl L 752, PCIZESHEEICHE4R L
7z (#£14).

ML 2 48 & L CEUARADORIFIZHE S 7T A
F v 7 DR BREMWEAND B Z G L 7245%, wiho
HAEDETHI 7 2BHERORBLUIED b5 7.

3.2. 7 a— UHIZ X B2ESCN D

PCOFIRHRERH % XM 3 12/R L7z, EtOHRIEIC X
D, BERATE DR PR IR 3% T L7228, Al
o 5 T AP NI E 2 10%,  7%EEIn L 72, IPiR
T, ZRAPRELEELERDPRD LN Do 7.
PCIZx} L CEtOHZ v CiERABR & 17 - 7254, B
BUERT 5 & Bbh 2 KoM VWi osBlgt S h -
B, WTNOEMNTD, 79 v 750RERD SRR
Moz, PETOY 4, WIRTHESEESHh, 7V%
VA r7axa—7TiE WMIFRERBEOEA & HL
D, MPVEHWHRL KBS
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E 50 - Lo lds, F AT 37 % OMEICUEALREE 245
B 1 SEBICERETS L, BELZ BEC GIE Bk
z120 ¢ [ h DE I b b F, FBPIC I LR AT 5 &
g o} VISR DAL BEDE, MR IUSAL R A
§ 60 | U 7= RIS CHERRAE 2 4T o 7B & R L 72,
Z 50t BLCE, RO IRAE TR P PSR 3 % Tl
. , T EICE VAR 7205, T == v TR R
Air EtOH P WLTOREEL 2h o 7.
B PR CRERR L 7= B OO, SIS ) UL B 7
THARE BRSNS (K4)., COBRETE, 2
180 ' S DWHAL L RETHS SATHY, Cois
10 f h EB ORI AR S 2 5 T (R4). BLE,
5120 I C#B2I2BRIEL7-#%, 11HH ETIZ3BLTH, B
g 00 B TR L 72 B C & ] — 0 M A5 IR O S AL TREA L
g0 72 209 B LRIV CRIHBIEE 1o 728 25, B
0T FE D 524t — L7 ([M5).
’ Air EtOH 1P

Fig. 3. Results of tensile test to investigate the effects
of disinfecting alcohols on polycarbonate
specimens a) yield load b) ultimate load and

c) elongation. *: p < 0.05 against air

34. BnZE e 7-RGE

BB S O MBS NI B ah 2 IR S - MR, T v
)W TR, BEC E GTHBRIESFEAEL 2 (&
16). FHNCHIE L 72 CLERX, pH 11OKEMRTH

Table15. Failure of polymeric medical devices caused by tetrachloroethane. NT: Not tested

Form of contact

Necessity of Failed component

Product

Internal loading External dropping connection and its material

A No failure Failure Needed Female connector (PC)
B NT Failure Not needed Male connector (PC)
C Failure Failure Not needed Upper end adapter (PC)
D No failure Failure Needed Male connector (PC)
E Failure Not needed Three way stop cocks (PC)

. Female connector (PET)
F Failure Needed Male connector (PC)

. Female connector (PC)
G Failure Not needed Male connector (PC)
H No failure Failure Needed Female connector (PET)

- : Not tested
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Fig. 4. Fracture surface of product C fractured during clinical use

Origin of
/ture
~ — T
\
<+ D <« \
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Fig.5. Fracture surface of product C’ reproduced using alkaline solution B2 (pH 12)

Table16. Reproduction of failures of polymeric medical devices by circulation of pharmaceuticals. ND: Not
detected. *: leakage from the air vent filter

A B C D E F G H Note
ND ND 3d ND 3d ND 21d ND pH 100 - 11.8
pH 12 - - <5d - ND - - - pH 1055 - 11.72
ND ND - ND ND 28d ND pH 10.02 - 11.92
- - ND - ND - - - pH 10.21 - 1051
pH 11
- - 28d - ND - - - pH 10.21 - 10.58
EDA ND 17d 17d ND ND ND 7d ND
HCO 7d ND ND 7d ND 21d 7d ND
PS 11d* 13d* ND ND ND ND 14d ND
ND ND ND ND ND ND i ND Flow rate: 0.3 mL/min
SO (standard)

- - 5d ND - - - - Flow rate: 1.4 mL/min

ND: Not detected
- : Not tested
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