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discussed are also applicable to detection of other visible defects that may affect container
integrity or cosmetic appearance of the product.

['General Chapters, Dosage Forms Expert Committee | &, 744510 el a1~ (visible particles) @
RADH A 52 A% 5.7 51T, ZORFiT=7 general chapter % HERT 5, = ZITaki LI kI,
B DRZRSTEEME (container integrity) &> D WM EIHESMEL (cosmetic appearance) [T E B2 5 LB X LD

Miod A CRER CX 2 KM ORHICHEHTE 5,

(GCDF: D. Hunt.)
Correspondence Number—C160024
Comment deadline: January 31, 2016

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,



http://lifescientia.com/?page_id=21

USP Pharmacopoeia Forum,41(6) (Nov. Dec., 2015) In-Process Revision:

<1790> VISUAL INSPECTION OF INJECTIONS, Page 2 of 76 pages I_Ife SCIB“tIﬂ:
ZOXLFEIFUSP DFE ) 7T 7 DRERTT, BAEIIZRNE TR O SUP IZ XD ZTHERZ T S0,

[ RE=2AH ]
BB IIAIRE OFEMANTH D . LEOIEFERIEIRD K /2> 1250 B2\, ZD7, %< OEFT TR - 12 fF
REIT O TODAREMEDRN BV, ZEDTZOIL, ORPEHEZ L THRLIZDT, EXEHENDZ L 2BEIOT 5,

B, ORI EMANAD TR ENDIHAOFELEEZE 2 T, ZOFRENLOHFEE K., LUTF AR 25 H#
PR LT,

AASURS 16 WED [6.07 FEHAIORESR F3EE) 13, ROTRRAD 5,
PRI (%G1 OREMEMKCT 2 13, 25 OREHICERT S 2 L A<
BA LT, RIATHARVEBICEI | SR, R OMELT b 5,

[RESMES ) OUGERBUZ,  “extrinsic foreign matter” T 5,

IRIEIES ) & TAREPERORL | ORERERITARSCRICA LNV L D TH D5, WA DEVITEEARIZ, K
TS THD, BEMTIT, RO LI RS THOATND
IRy AIRCTEZICRD LD D, HDOWITHKRNAESICRBO LD REID
EHA (mikz &) hokT

IR AIRCTEZICEO LN, HLOWVITEIRIROONLRKESD
EHA iz &) hokT

KA OFRAEFEIT, RO XS ITHEET L Z LK D.

— ke L JEAPEE EEEASR L

LoD Extrinsic (foreign)
izg TR LS. B Y
= (Intrinsic)
L NEPE
Intrinsic " N

R - ;ﬂ;kj nALT SR ﬁ”ﬁé\ 9&?5\ %gfﬁ‘l\ix %ﬁ?fﬁ E

(extrinsic foreign matter ?) (Inherent”Intrinsic)
YR ZPDUSP OXETIE,  “Inherent” &5 HEEIE, BHIRREE LT

(xﬂ:’f\ 5RO L. ARSI L) BRLUTER SR TIZH L THEHEN T DIHERH D,

Z[=] Al = v\— D

oYV IBEESROZ L
MVI : Manual Visual Inspection (b ~Z X2 HEMAE) OBERC
2HORA (100% inspection) : Biw M AT AL FONEYOTEBRELZERL TS,

FIERICIZL T, REAR, 28, ThICH A I ARH Y £, RUIFR L2 HEMT 5 L TOREEE T,
T 7 Hilr o 2 W3 TEN A & DA SAICIE, RTRSUCE SN TITo T REY,



USP Pharmacopoeia Forum,41(6) (Nov. Dec., 2015) In-Process Revision: I_. S - -
<1790> VISUAL INSPECTION OF INJECTIONS, Page 3 of 76 pages ife dcientia
ZOLEIFUSP OF /) 7T 7OWERTT, mMEMNRNFITRAO SUP I XY TiERE T,

Add the following:

4(1790) VISUAL INSPECTION OF INJECTIONS

EHAIOBRRE
B X

1. SCOPE  GEFHBEBH) ...oooveeeeieieecie ettt 5
1.1 Introduction  (JZ U DIT) oottt ettt ettt et eae et v ereeaeenea 5
1.2 Related Chapters — (BIR T2 USP D EEITOUNT) oottt et eeeeeeeeeeeeenenenes 6
1.3 Defect Prevention — (KFAGSFEAEDIBIIE) oovieieieieeeeeeeeee et 7
2. INTRODUCTION  (FHE) vttt 8
2.1 Inspection Process Capability ~ (FRAE TFEDBETT) ooieieieieieieeee e 8
2.2 Patient Risk ~ (FREEZSSUT D U A7) oottt 10
2.3 History of Compendial Inspection Standards (ATEETOMRAIEMEDFEL) e, 13
3. TYPICAL INSPECTION PROCESS FLOW (fRZFEAVFRE THEY B A4 =) oo 14
3.1 100% Inspection (ETFRTT) oottt ettt ee e 14
3.2 Acceptance Sampling and Testing GFFEINDY TV U ERE) e, 16
3.3 Remediation and Alternative Practices (203 L OVETEDHIED oovvveivieeeeeeee 20
REINSPECTION (FFFREL)  coeooeeeeeeieeeeee ettt ettt ettt ettt ettt et ete s v ennas 20
TWO-STAGE INSPECTION (T BEBERRAT) oottt 21
4.INSPECTION LIFE-CYCLE ~ (BREET A 7V A 7 /L) i 23

4.1 Extrinsic, Intrinsic or Inherent Particles (#f 3, NIRRT, & 5 WIZRSEAR 1) ...
4.2 Prevention of Particulates CRIF-TEADBIIL) oo 26
ROBUST DESIGN DURING DEVELOPMENT (B %& i D fdh ik D 3% ;ﬁ‘) ......................... 26
COMMON SOURCES OF INTRINSIC PARTICULATES (NRMRv D@3 25 4EJH) 30
FORMULATION COMPONENTS  (ZLJTARIT)  woereeeeeeeeeeeee e 30
PACKAGING COMPONENTS  (FIEEZERE) oo 32
4.3 Particulate Removal by Component Washing  (E#&ZDOFEFIZ L DR FDERZE) ... 33
GLASS CONTAINERS (7 AZEZR) oottt ettt eas e eaeens 33
ELASTOMERIC CLOSURES (T AKE) oo 34
GLASS HANDLING (7 ZADHHEUY) oo 35
EQUIPMENT PREPARATION  (BEZRDHEJH) oo 36
FILLING LINE  (FEEE T A4 1) oottt eae e eaeens 37
4.4 Trending (B L3 ROBERL) oottt ettt ettt eaae e e 38

FFUCITL T, M TN AA T IARDY £, RUIRLEBET 5 ETORZERTT,

T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,



USP Pharmacopoeia Forum,41(6) (Nov. Dec., 2015) In-Process Revision: I_. S - -
<1790> VISUAL INSPECTION OF INJECTIONS, Page 4 of 76 pages ife dcientia

ZOXLEFUSP DE 7T 7 DRERTY, HAHIZRNEITRA D SUP ICL Y TR A TSy,

5. INTERPRETATION OF INSPECTION RESULTS (fRAEFERDIEHD) oo, 40
5.1 Defect Classification ~ (KA DT T ZAF7UT) oot 40
5.2 Unique Product and Container Considerations  (Fpgk7eflfh & BEE~DEE) e, 42

LYOPHILIZED PRODUCT  (BEAEFZIEEIF) oo 42
POWDER PRODUCT F3ZRBLAN) oottt 43
EMULSION AND SUSPENSION PRODUCT (=~ /Ly a B X OMRERA]D) ... 44
AMBER CONTAINERS  (BBEIAFER)  oooeeeeeeeeeeeeeee ettt ettt s e ese s eneas 44
TRANSLUCENT PLASTIC CONTAINERS (&7 7 AT 2 ZZ) e 44
LARGE-VOLUME CONTAINERS = (RIEFEZEAT) woveereereeeeeeieeeeee e eseeseeseenas 45
COMBINATION PRODUCTS (B —33 VBT e, 45

6. INSPECTION METHODS AND TECHNOLOGIES (B 515 EHAMT) v, 46

6.1 Manual Visual Inspection (& MZE 2 HERE ; MVD e 46
CRITICAL PROCESS PARAMETERS IN MVI ~ (MVI COEE/R T/ N7 A —4) ... 46
INSPECTOR FATIGUE AND ERGONOMIC CONSIDERATIONS

BRAEB DN L | AR T ERIBLL) e 50

6.2 Semi-Automated Visual Inspection ~ CEEHBEIHRA) oo 51

CRITICAL PROCESS PARAMETERS FROM SEMI-AUTOMATED INSPECTION
CLHBERMRE TOEE O E Z/8T A=) e, 53

6.3 Automated Visual INSPECEION ......oeiiiiiiiiiiiiiieee et e et e e e e e eaaaaaee s 54
LIGHT-OBSCURATION METHODS  (JGEERTE) oo 55
IMAGING METHODS  (B/BAEHTIE) oot 56
OTHER TECHNOLOGIES ...ttt ettt e srree e sstrae e s ssesaeeesssssaaassssseessssssseeens 57

7. QUALIFICATION AND VALIDATION OF INSPECTION PROCESSES

(BRAET v ZAOWEMERII & N Y T =33 2) e, 58

7.1 Standards  (GEHEED) oot 58

7.2 Preparing Defect Standards — (KFEAEHER DIERL) oo 59

7.3 Particle Types — (BRI T D F A ) ettt ettt ettt eanas 60

7.4 Rejection Probability Determination — (NEFE DTEZRAIZRIRTE) woveiveieiiriiinecerccees 60

7.5 Test Sets  (FUERT 27 D) oot ereeae e 61

7.6 Types of Test Sets  (FRETE  FDF A ) oo 63

7.7 Training and Qualification of Human Inspectors (F4s 8 OFIEE & @ PEREAL) oo, 65

7.8 Inspector Qualification Requirements — (FRA B OBEASTEZR) oo 66

7.9 Requalification — GEASTEFFEEM) oovveeeeeeeee ettt ettt 67

8. PRODUCTS IN DISTRIBUTION (FEi@IEFEIC I 1T DBEEL) o 67

9. CONCLUSIONS AND RECOMMENDATIONS (& & HELRL) v, 71

REFERENCES  (SCHR) ooveevietieiee ettt ettt ettt ettt ae et eteeaeeveeaeeveeteeveereereeneenea 72

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,



USP Pharmacopoeia Forum,41(6) (Nov. Dec., 2015) In-Process Revision:

<1790> VISUAL INSPECTION OF INJECTIONS, Page 5 of 76 pages I_Iie SCIG ntia
COXHIUSP OF /) 75 7 OBERTT, B2 WAL O SUP 12 & V) DHERE TS0,

% Xk X

1. SCOPE GEF#)
1.1 Introduction ~ (IZ U 1i2)

This chapter provides guidance on the inspection of injections for visible particles. The
terms particle, particulates, and particulate matter are equivalent and do not have different
meaning when used in this chapter. Particulate matter is defined in Particulate Matter in
Injections (788) as “mobile undissolved particles, other than gas bubbles, unintentionally
present in the solutions.” Visual inspection is a probabilistic process and the specific
detection probability observed for a given product for visible particles will vary with
differences in product formulation, particle characteristics, and package design. The
methods discussed in this chapter are also applicable to the detection of other visible defects
not the subject of Visible Particulates in Injections (790), but critical to a qualified,
comprehensive inspection process.

ZOFE, FEHAIFOEY) (visible particles) DRI L TCOHA XL A% H5 255D TH D, Hi
S (particle) . PRI~ (particulates) . F24) (particulate matter) & UMD FHFEIZZEH (equivalen) HDTH V) |
ZOETHEHTL2HAIIE, BB E2F > TRV, Y (particulate matter) 1%, Particulate
Matter in Injections (788)IZR D L D IZEFRINL TN D,

“mobile undissolved particles, other than gas bubbles, unintentionally present in the solutions.” ;

(RIALIANOBEN T 5 RIEEORL - Th > T, WIRTOFENERK L T o)

HUHMRAIX, MR a2 THY, AHAKHIZEL TH DL 52 b /FICRlE S
FrE O HIRERIT, A OWLTF | kLT ORE, BLOOET VA o TOEWTE(LT D, 2D
= Ciemmd D J7i%1%. Visible Particulates in Injections (790)D EREIZEZ Y L7\ A8, A& 2354
ENTo, BNBRRE T v A TIIEER, o BRTRO LN KAOHREICS £/ T
Do

These include, but are not limited to, container integrity defects such as cracks, misplaced
stoppers, or incomplete seals, any of which may compromise the sterility of the product.
Additional container defects (1), as well as other product characteristics such as fill level,
discoloration, or clarity may also be detected during visual inspection, and non-conforming
units should be rejected using the methods described in this chapter. Inspection for these
other quality attributes often occurs at the same time as the inspection for particles. The
primary focus of this chapter is a manual reference inspection method; however,

FRRICIIA T, R, 2. ZRICH A 7T ARB Y £3, RUIFEXLEHFE ST 5 ETOSEER T,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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semi-automated and automated methods are also discussed and permitted by the
pharmacopeia.

ZhiCiE, (CREFIBEESND LD TIERNDN) ROEHIRbOREENS, b
THHRGOER AR O WRELFH OO TH D

- U T w7 DX DR ERGERIED K

- BONLEARE (nisplaced stoppers)

« R5E4723—)L (incomplete seals)
FEHED L~b | 228, (discoloration) & D WMIEHME (clarity) O K 5 7efhod s BEReE & 212, AN
HINC g DRIE (1) b E e BEMRAERICE R SN D RN S 5, FHITNz T, AlEH O HAL
4% (non—conforming units) b, ZDETHRRLN TS HEEZHH L CTHRINLTHA D,
ZNODOZEOMD Grik: mypsio) SEREOREIX, LIX UL, KT (particles) DR & [F
RRZ TN D, ZOEOEEZR T UL, & MK 2 EMERA J57E (nanual reference inspection method)
Thbd, ; LLENG, FEHEBBIOEHEID 1L (semi-automated and automated methods) & F 77,

GRIE: 2o USP ) HEFH TS, €L TFAS TV D,

1.2 Related Chapters  (Bf%4 % USP @221 1C)
Injections and Implanted Drug Products (1) provides an overview of injectable dosage
forms and the quality tests associated with them. Another chapter, (790), has been added to
the USP-NF to provide a clear definition of routine inspection procedures for injectable
products; the goal is to comply with the expectation that products be essentially free of
visible particulate matter. Additionally, information on the detection of subvisible
particulates is provided in Subvisible Particulate Matter in Therapeutic Protein
Injections (787), (788), and Particulate Matter in Ophthalmic
Solutions (789). Measurement of Subvisible Particulate Matter in Therapeutic Protein
Injections (1787) and Methods for the Determination of Particulate Matter in Injections
and Ophthalmic Solutions (1788) provide additional supporting information on
measurement methods for subvisible particles.

Injections and Implanted Drug Products (1)i%, JEHF] (injectable dosage forms) | 35 & ONZAUIZ B L 7=

S ARBR OB (overview) & 52 T\ 5, TOMMOFED(790)23, USP-NF 2z b TR, #E

FAIOBERLBRETFIEO, GRYE : RO X D7) BIBERET (clear definition) % 52 T\ 5,

the goal is to comply with the expectation that products be essentially free of visible particulate matter.
(=%, ZORENAHRIT NS, AENIC7 Y —Thd I EOMFHIEAGTHZETHD) ,

2, IR TIZR 272V VK F (subvisible particulates) DF HHIZ DU T DOfE 7Y, Subvisible Particulate

Matter in Therapeutic Protein Injections (787), (788). I3 & T Particulate Matter in Ophthalmic

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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Solutions (7892 5-2 HAIL T 5,
Measurement of Subvisible Particulate Matter in Therapeutic Protein Injections (1787) 35 . OY Methods
for the Determination of Particulate Matter in Injections and Ophthalmic Solutions (1788)/%, KR TiZ
2 72UV (subvisible particulates) I TE JTIEIZ DWW T OBMMAYZREF T O E 5 2 T b,

1.3 Defect Prevention ~ (KBfasn 3D BL L)

Although this chapter focuses on detection and removal of product units that show evidence
of visible particles, the need for preventing such contamination should not be overlooked.
No inspection process, manual or automated, can guarantee complete removal of all visible
particulate matter or other visible defects; thus, prevention of such defects is an important
consideration. Good process and product design, along with environmental control, are
necessary to ensure the reliable production of products with a low particle burden. To
ensure the control of defects throughout the process, manufacturers should consider an
inspection life-cycle approach (2). This approach begins with developing quality attributes
based on incoming component specifications, followed by component-level acceptance
testing. It extends to component preparation and product-filling procedures, followed by
100% in-process inspection of filled product, and concluding with final acceptance
sampling and testing of the finished product.

Z O, AHART O R T RGO BALAROBRIE LFREICESAEEDE TV LN, £
NEDHRZEY ST DORENEZ K LT ~ETERY, ~=aT7 VHLWIEEBIO, RET
2R, A TORGATRLT (visible particulate matter) 3 72 LD AIFHAI 72 K AL (visible defects) 0D 554
REREZRGES 2 2 LI TE RN BREOEFR L & b, BRife 7 1t 236 LU DG (good
process and product design) (. KV VKL - B (low particle burden) 7% 55D 84 L DS HEM: & 5 Bl 5L A LRFET 5
TZDIZARARIRE D TH D, 20Tt A%ZE L TORMOBIEZRIECT 52 & a2, Wik
Flx, HEHEFNOZT A 7% A 7V« 77 7 —F (inspection life-cycle approach) TH X5 X& Th 5(2),
ZOT77a—Fx, AfFEEHREES (incoming component specifications) (2 DOV 2 MBEREA B L. £
DN TTI Y- L~V R FRBR  (component-level acceptance testing) ZHeV N CTIT 9 Z EMBERBIN A,
AU, SRR (R 35 L OMRLEL FEHE 0D 51 (component preparation and product-filling procedures) (Z 3 C & OX,
5 e = HE L7285 O 2400 TR (100% in-process inspection of filled product) <~ & it & | e A& HL
fitr (finished product) D EAEHI72HGIZFFRT H 0OV 7Y 7 LR TR T35,

The approach must extend to purchased, ready-to-use components such as containers or
closures, where there is no opportunity for subsequent particle removal after receipt and
before filling. Stability and retention sample inspection, customer complaint evaluation, and

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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in-house investigative procedures support this integrated approach. The inspection
life-cycle is composed of, and supported by, sub-cycles involving qualification,
maintenance, personnel training, defect characterization by forensic analytical methods, and
the use of standards within each of the critical areas. The final element of the life-cycle is a
feedback loop of trending and data review from each of these process areas, resulting in a
mechanism that supports continuous process improvement.

BB L O X 572, A S ready-to-use (zoEiizz) OBEMICKLTH, ZITHY #%
BLOFHERNZ, 2% @ik A—p—Cifgk Ligo) KLFBREISET 2N RWEEITIE,
o7 T —FERFEIRTUIRB720, ZEM R LORE Y > 7 /1 (stavility and retention sample
inspection)  YHE /5 D EE (customer complaint evaluation) 33 JX OVH DA 515 (in-house investigative
procedures) |, Z DFEEAL S 4727 7 2 —F (integrated approach) % X4E T H LD TH D, MAED T A
A J IV (inspection life-cycle) 13X, KD X 9 72 FIHELES T VA VDA S, £ L THE
SNTND,

« EFEPEFEM (qualification)

« R4 (maintenance)

- B DFIFH  (personnel training)

T A=V Ty T HTEIC KB RIMGOFFE-D T (defect characterization by forensic analytical methods)

- B E XN TOEAEST O (the use of standards within each of the critical areas)
FGATHA I NDESILERIT, FNOOT B EARKIEOZEANLD MLy REF—& -« L
Ea—=D7 4 =Ry 7 « L=TThHV, LTI L > THkKERI 72 7 1 AU (continuous process
improvement) % XIBET AHAA N ALEFELIHBZLETH S,

2. INTRODUCTION  ($4&)
2.1 Inspection Process Capability — (F& TFEDEES])

Visual inspection of injections is necessary to minimize the introduction of unintended particles
to patients during the delivery of injectable medications. Such inspection also offers the
opportunity to reject containers whose integrity has been compromised, such as those with
cracks or incomplete seals, which pose a risk to the sterility of the product. The desire to detect
these defects, despite their very low frequency and the randomness of their occurrence, has
resulted in the long standing expectation that each finished unit will be inspected (100%
inspection). Although zero defects is the goal and this should drive continuous process
improvement, zero defects is not a feasible specification for visible particles given current

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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packaging components, processing capability and the probabilistic nature of the inspection
process.

HESFH O BEBRAIL, EFRFIC K ERTICEFICH LT, BRLARWKLF 2R ET 5 Z L& 2/
T 27012, BETHD, TOEIBBREITE, 77 v 7 ORERRY— NV E Vo L5758
VARG L, 207D MG OBEEMEICHT D) A7 26T 58 REREHRT 2%
HAbDTHDH, TDOX IR T LITIFFITRNBERE L 7 X LMEEZR L TODICHED LT,
TNODORMpERET 2 Z LRSS ND DIE, BEAEBEARGERA (EBURE ; 100% inspection)
TB5EWS . BEEICH 24 (long standing expectation) (Z LD AT TWAHDTH D, KfEadhE 2 (zero
defects) 3T —/L T D, DO DI & EfFHIR T 1 ADOWHEORE) /) LT & TEH D3, X
ff bt & (zero defects) 13, BAAE G- 2 5 4L TN 25 TIEEE RS (packaging components) . 77" 2 -2 X HE JJ (processing capability)
BLOWA TREOEFOMERI) 72 (the probabilistic nature of the inspection process) 7> 5 25 U 2 IR AR 112 B4
LT, A5 7BRTIEZR,

The detection process is probabilistic: the likelihood of detection is a cumulative function of
visible attributes such as particle size, shape, color, density, and reflectivity. Understanding
human performance is therefore critical to establishing visual inspection criteria. Individual
receptors in the eye have a theoretical resolution of 11 um, but typical resolving power is
reported as 85-100 um (3). Analysis of inspection results pooled from several studies (4-6)
conducted with standards prepared with single spherical particles show that the probability of
detection for a seeded sample with a single 50-um particle in a clear solution contained in a
clear 10-mL vial utilizing diffuse illumination between 2,000 and 3,000 lux is only slightly
greater than 0%.

MO ot 2%, MR H O (probavilisic) T 5, - HOATREMIL, KiFFE (particle size) . T
R (shape) . A (color) | ZEFE (density) . SCHVE (reflectivity) O RFERIER L 702, Tz, b M OFRE
D ERfiF (understanding human performance) %, HARIZ KX DM DO EIELEL TN T HT-DICEETH D, A
DHEDLETZ—%, 11 um OB 72 0ffRez > TV D0, IRERIZREE T (resolving power) 13,
85-100 um Th 5 &Mt SN TV 5H(3), Hi—DERTERLF TIERL S M7 AEHES TIT L 72 D DD Ff
FE(4-6)1 6 TV ST B D T TIL, AT OFEDPIR S,

Yo7 B 10 mL BEDO AL TIUCEEND, BHRERIC

H— 50 um OHi 1% HEFE
HEBAZRE 2,000 ~ 3,000 lux OJEHLHEBA (diffuse illumination) %
BHAER 0% LbFnickEn

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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The detection probability increases to approximately 40% for a seeded standard with a 100-pum
particle and the threshold for routine, reliable detection (=70% probability of detection) of
individual visible particles is often near 150 um in diameter (4) and typically exceeds 95% for
particles that are 200 um and larger. Thus, in a qualified visual inspection system, the vast
majority of particles that might go undetected and be introduced into the pharmaceutical supply
chain will be smaller than 200 um. Changes to the container (e.g., increasing size and opacity),
formulation (e.g., color and clarity), fill level, and particle characteristics beyond size (e.g., color,
shape, and density) will all affect the probability of detection which can be achieved for a
specific product and package (6).

PR HAEUER 100-um KL I FE TT 5 &, MRHFEZE (detection probability) 1359 40% (2 F CTHEINT 5,
B O FHEARL 70 B H 7GR0 B 5 it (7T0%LL EORHTHEER) OBIE (threshold) 1%, LIEL
E, EAL50u m T <ITR D . —HRAYICIE 200 pm LA BRI & A B LIEEMEO H Bk (70%0L
DR HIFESR) OBIE (hreshold) 1%, 95% % M2 7-(4), . Tidx ., WASTEN TN S L7z BRI XD
BUAT ATIHRE ST, ZO/RRE L TERLEET = — I A > TL DR OEEN 2 40%
200 um RiEORLT-THA 9, RO X D e BEFIX, HHRI EWIETERT H 2 L OTE DtmE
WCHBEEZDL0THAH(6), ; 2t WIZIE, A IR EH S0 | 0k BlziE, .
FIAYE Claity) ) | BHEO LUV GREE : BHEEICEDEHER) . BLOKE S22 &9 ki1
DR (B2, B, IR, BROEE)

2.2 Patient Risk (BRENXNZITH Y A7)

A complete review of the medical literature is beyond the scope of this chapter, but the effect of
extraneous particles on the patient must be considered. A number of reviews on this subject are
available (7-13). The clinical implications of extraneous particulate matter in injections are
determined by many factors, including the size and number of particles, the composition of the
material, the potential for microbiological contamination, the route of administration, the
intended patient population, and the clinical condition of the patient. For example, an otherwise
healthy individual receiving a subcutaneous or intramuscular injection containing sterile, inert
particulates would likely experience no adverse effect or at worst would develop a small
granuloma. On the other hand, a critically ill premature infant receiving a particle-laden infusion
directly through an umbilical catheter might suffer considerable pathophysiologic sequelae
(14,15).

LB O LR E E R L Ea—F 52 Lld, ZOBEOHKHEZBZ D LD THDLN, BE~DIK
PRI F (extraneous particles) D ESEE%E 2 2 721772 B2, ZORBEIZOWTOEL DL E 2 —»FH

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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FRE T 5 (7-13), {EH TOHNRMRI T DOEHRE WL, ZL<DORERTFICEVIRESIND, ZHITITH T
DRE S EH, O Gk wratid ) WEORK, AN RBRO RN, 5K, BX
LTV EFE DL (intended patient population) . G DGR FRAE (the clinical condition of the patient) 72 & 723 &
Do PBlzIE, HEEOARIEMEZSRIF (sterile, inert particulates) % & 10 & D UVMNIFFRIN OES 252172 A
T GRIE : 221 QR AT 2RI ) o s TIE 72 AN (otherwise healthy individual) 13 &I /FEFH & %5k
L72Wnhsy, HDWIEEREDLLE TH ., /NS 72 A ZENE (small granuloma) N S ILDRRE TH A H, —H.
B DELfaf 2 FFOWR (particle-laden infusion) % umbilical catheter Grix: : EOICER > TWDE T —F 1) &1l
LCEBECZT D LD 7, ERBEREFFORPEN (critically ill premature infant) 13, 2372 D OJFREA B
AP IBIE (pathophysiologic sequelae) % # 5 Z & 12725 TH A 9 (14,15),

Garvin and Gunner were among the first to report a concern about the effects of particles in
human patients (16,17). For obvious ethical reasons, there is a lack of controlled clinical studies
on the effects of particles in human patients. Some anecdotal information about human patient
safety may be obtained by examining case reports of intravenous drug abusers (18-20). In these
cases, solid oral dosages are often ground up and injected as a slurry; pulmonary foreign body
emboli and granulomas were observed in these patients (21). Unfortunately, the clinical risks to
human patients posed by small numbers of particles are difficult to infer from these observations
due to the extreme number of insoluble particles and the uncontrolled conditions in which they
were administered.

Garvin and Gunner (3, &V biF, b FEE TORF OB OV TIREZ RN HE LIZEE T
» 5(16,17), HHE 72 mERAYEEH (ethical reasons) 205, B MEF TORLT DB OV TOMILIE
B S AU EERAFSE (controlled clinical studies) 23KANL T\ %, b MEFIZOWTOREFIFHRN, FHIRN
e 5-3W) Grix : mesds 5 i) O ELAFE (intravenous drug abusers) ODJEFIHRAS T 5 40 5 AIEEME N & 5 (18-
20), N HOFEFITIE, LIXFUIRX, BROKROFED ZHEA L, A7) —RE L TERELTWS, ;
B BRSNS D IR PEZE R J5 L OV 2R (pulmonary foreign body emboli and granulomas) 73, Fh o OBEE T
SNTNDQ2L), FRERNEL, PEOBETIHETEISNTNDE NEE~DEIKRY 22713, 215
DEENOHRT D ZEBRETH D, EWVIDIE, Gk sRgoREcn) REMEOIEF IS VK
DRIF-& ., ZNHOEENRRINTZOIFEHLIN TV RWEETITONATWNENLTH D,

Numerous animal studies have been conducted to determine the fate of intravenous particles
with different sizes and composition (22-25). Most studies have focused on subvisible particles
with a diameter of <50 um. In these studies, a massive infusion of particles has been
accompanied by histologic evidence of injury to pulmonary capillary endothelial cells (26),
microscopic thrombi in the pulmonary capillaries (27), pulmonary microscopic granulomata
(28), and hepatic inflammatory effects (29). Although useful for understanding the

TR IT4 T, R, TNHA T IARDY FT, FOUIFCEEET 5 ETOSEERTT,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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pathophysiologic response to particulate matter, the large number of particles used in these
studies (e.g., 10° particles/kg/injection) provides little insight into the risk to humans posed by
small numbers of macroscopic particles. Arterial embolization using materials such as polyvinyl
alcohol (PVA), collagen-coated acrylic microspheres, and gelatin spheres also provides some
insight into the potential human pathophysiologic implications of non-target embolization of
extraneous-particle intravenous infusions. In these cases, massive particle loads moving from
the arterial injection site into the venous circulation were also reported (30-34).

RN 523 SR 1 OEAN (fate) ZFHND 72D, BFEORKE SOMBEORL I L 5, 28 0HE)
W X D HIFEDAT O TN 5 (22-25), % < OWFFEIE, EAE 50 u m AR DO PIIR TR 2 2R I2 8
ML TS, 2D OHFIETIL, RO A>TV D KEOEHER 5121, B0 2 PN Rzl
JiE&l (pulmonary capillary endothelial cells) <~ 0D [ & OREFEFHIRERL (histologic evidence) (26), ifi il Ifi. /& D BHIKSE
FIMLAE  (microscopic thrombi in the pulmonary capillaries) (27), Jifi D BAMEEHI A ZFIE (pulmonary microscopic granulomata)
(28). B L ORHFIEDKIEVEH  (hepatic inflammatory effects) (29) 23> TU 7z, KL~ (particulate matter) (DJp5AEAE
B Y AR AZBRET 52 LITAHTIES 208, O OMETHHT 2 2580k (Bl 21X,
10° particles/kg/injection) (%, VDO WIR TR 2 2K~ (macroscopic particles) (X > CHIEEZShbtE

DY Z7I\ZHERT 1T & A EH A %Z 5 2 TV, polyvinyl alcohol (PVA), collagen-coated acrylic
microspheres 33 LY gelatin spheres D L 5 7e~7 U 70 (WE) ZMHH L TOEIREAZ < (arterial
embolization) & F 72, A MR+ D FRAR~GIK D% 5- (extraneous-particle intravenous infusions) (ZE8#> 5. BHHY
A1 D FEFE (non-target embolization) D FIREME D &> 5 & I HEAE B2 55 2% (potential human pathophysiologic implications)
~DEVLOHMAEFZTWD, 26 ORERTIL, KEDOR AN DSEIIRIES ST (arterial injection site)
D> O FRTEER (venous circulation) ~& BT 25 Z & b F70, #HE TV 5(30-34),

In a review of the hazards of particle injection, it has been found that the primary contributor of
particulate matter in vial presentations is the rubber closure, a risk that is present with almost
every injection. In addition, case reports have documented injury associated with infusion of
significant quantities of precipitated admixtures or therapeutic use of particles for embolization
(14,15,35). Despite the administration of an estimated 15 billion doses of injectable medicines
each year (36), no reports of adverse events associated with the injection of individual visible
particles have been found.

B ZERNTLIZEONY—F (fB5E) OLE2—TIL, /31 T/ILIERE (vial presentations) T DRI T
DFE 7= % EF 5K (primary contributor) LT AR THY, ZOXH RV AT, 1FEAERTOERAIT
FELTWD, FICHEHIHE L, LB LIZIREW O Y 72 B s (infusion of significant quantities of
precipitated admixtures) & 72 [ ML PAZEH DRI DIEHE L DFER (therapeutic use of particles for embolization) |Z B

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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T HEELZFTH LT 5 (14,15,35), BETFAIOHETE 150 (& A5billion) N— X DIEEB6)ICHEH 5
T, Al & ORRAORL - O7ES & BE T 28 EHR (adverse events) DHRE L, FLHIL TV,

Ultimately, the safety considerations related to particulate matter in injections must be assessed
for each drug product, intended patient population, and method of administration. No single set
of inspection criteria can adequately anticipate all of the potential risks to the patient. The
methods outlined in (790), should serve as essential requirements when assessing the adequacy
of the visual inspection procedure, but alternative acceptance criteria (for example, the use of
tightened sampling plans) should be implemented when the patient population and intended use
of the product warrant these additional measures.

FORERT, TEHICIIT DRLT (particulate matter) (240 2 22D FEIL, A EFKL (each drug product) |
H) &9 5 EFHEEM (intended patient population) F3 X N G- 575 (method of administration) (ZB5 LT U A 7 ZFfl
LT B0, BMAOHBEEDOH —~OX v F T, BFIHT L) A7 0 TEEYIC
A3 2 2 SRk Ze v, USP OT90NIBERE S LTV D 5iEIE. B R FIEO B EIE 2 7§ 2
GoZld, AERRERE LTHRY2EEZRDBND, Ll SO BEEALZOEKT S
Migas, £ o4 2 HE (additional measures) ZfRiEL K 5 & T 256, BIOFEHIBIELE (F)
ZE B Lieh oY o7 - I o) EERTHRETH D,

2.3 History of Compendial Inspection Standards (/€2 T DA HL e o JFE §7)

The requirement for injections to be “true solutions” appeared in USP IX in 1915, and the first
appearance of “solution clarity” for parenterals occurred in 1936 in NF IV. Since then, there
have been numerous modifications to the compendia in this regard. A comprehensive history of
compendial inspection standards is available in the Pharmacopeial Forum (37).

“true solutions” GiEDRER) T D& L OMERFOERIL, 1915 40D USP IX THN7z, £ L T, &
ST (parenterals) (2% % “solution clarity” (aigowmee) X, 1936 4D NF IV (ZBL 7, Lk, 2
D LB LT ATEE GRiE:USP/NP) I LT OUEN ST E 72, AT EDOMBRAFEYE (compendial
inspection standards) D JSIFLZRME 11, Pharmacopeial Forum (37) CAFRRETH 5,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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3. TYPICAL INSPECTION PROCESS FLOW (f8FEHIMAE TR 7 a2 4+ —)
3.1 100% Inspection (&%)

Chapter (790) establishes the expectation that each unit of injectable product will be inspected
as part of the routine manufacturing process. This inspection should take place at a point when
defects are most easily detected; for example, prior to labeling or insertion into a device or
combination product. Each unit may be examined manually with the unaided eye, or by using a
conveyor to transport and present the containers to a human inspector (semi-automated
inspection), or by means of light obscuration or electronic image analysis (automated
inspection).

Chapter (790) I, TEHFAI (injectable product) DASHNAARZ, AHAIRIET mE 20— & L TH#E
T 52 L ~OWIFF (expectation) & BARRIZIR TN D, ZOMREIL. KM b BS IR TE DA
TITHIRETH D, ; BIZIEL, R (abeling) DRI, D WFMR T2 B —2 3 VRIFI~D
FEADRITH 5, K HIREZHT. R (unaidedeye) TE FOFIZ LV E£721Lt N OBE S (human inspector)
AR EME L TR T A 720D a0 Y —% ] (semi-automated inspection ; a@ind) 95 2 &
T, HDWIEHEERT (ight obscuration) 72V L, BE YA A —3 (electronic image) Z7AT D 5% (automated
inspection ; p@EhE) (2L > THREZ L TH LW,

Manual and semi-automated inspection should only be performed by trained, qualified
inspectors. Inspection may also be enhanced by means of a device that holds more than a single
unit at one time for examination. This inspection may be performed in-line with filling or
packaging or in a separate, off-line inspection department. The intent of this inspection is the
detection and removal of any observed defect. When in doubt, units should be removed

(see Figure 1).

~=a2 7 (NOFIZED) KOEEEIMRAIT, FIE 50 CREsiEE A9 25 2 &2Vl S ek
AL H  (trained, qualified inspectors) |2 2> CTOAITOND XX Th D, MAERHZ—[FNZ 1 ELLEOBAIELS
ZIRFFT 2 K 9 RIEHE: (device) 2D Z LICK V| MEMEREZSHOOND, ZOMEIL, FBIEELIT
WEETO inline T, £21FFNLIEIHIO off-line DREFFATIT->TH XV, ZOMEDHEIL,
B HILTZ A TODXKRME (any observed defect) DR EFRETH 5, FbOILDLGAITIE, £ DOHNI R ITER
K9 ~& Z L(see Figure 1) .

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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Figure 1. Typical process flow chart.

ARG BA RS

E j‘E ﬁ&ﬁﬁ (Accepted UnltS) Hjﬁa)f:&ba)ﬂ-y El' %

il " (100% Inspection) e
(Filline> TV TR (Packaging)

(Acceptance Sampling
and Testing)

]
I
FEELE-T=
BARE :
I

I

I

(Rejected Units)

y

FEBBESTL. | EERER |

~ L |
FLUFZERS - — — — = (Aupplemental |
(Analyze and Trend Rejects) , Testing) I
b e e e oo 1

X 1. REHRZ 2 ER - 70—« F¥—k

[NOoTE—100% inspection refers to the complete inspection of the container—closure system and its contents.
Inspection may be accomplished in a single operation or in multiple steps using a combination of technologies.
See additional discussion in 3.3 Remediation and Alternative Practices and 6. Inspection Methods and
Technologies.]

)

[H— “100% inspection” (FRE&E : ORI T @A ORFTELEHTR) (X, Fae— (%) vA7L6L, 20
NEM DOSERTFRA (complete inspection) ZH87, MAEIL, EEFEIFOMASHLEEZHANT, B—DEET, HDH0
DR T v 7 TETI 5, “3.3 Remediation and Alternative Practices and 6. Inspection Methods and Technologies”

TO, MrEmEzZRoZ &, ]

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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[NoTE—Supplemental testing is required when the nature of the product or container limits visual inspection
of the contents (e.g., with a lyophilized cake or powder or with an amber glass or opaque container). See
additional discussion in 5.2 Unique Product and Container Considerations. Samples for supplemental testing

may be taken from any point in the process after 100% inspection.]

[ — /3B (supplemental testing) 1%, Hthd VIR OME 2, NEHOBREICHIRE 52 554 (B2 IE, 3
RS NI — R 3R, HDOWITEEG T T A (amber glass) E 72 I3 REH 22754 (opague container) ) D
Al BE L 725, “5.2 Unique Product and Container Considerations” OIS RZ B MO = L, MBI 2R ER O Y
YT, EERB%OT o ATOH RTINS, ]

During 100% inspection, limits on typical rejection rates should be established to identify
atypical lots (38). These limits may be established for categories of defects (e.g., critical, major,
and minor) or for specific types of defects (e.g., particles). A review of historical performance is
useful in establishing these limits, and the review may include grouping products similar in
appearance and manufacture. Periodic reassessment of these limits is recommended to account
for expected process improvements and/or normal fluctuations in process baseline (39). If a
limit is exceeded, it should trigger an investigation. The investigation may include additional
inspection or it may determine whether additional inspection is necessary.

PHRRAEZE LT, AAENR Gur: ey MclLTo) REAEHR (typical rejection rates) D[R FEfE % fife ST 9
X ThbdH, Tk, M E RS20 e v b (atypical lots) ZHFET D7D THH(38), TiLH DR
I, Ko RESOHT Y (B IE, critical (Geary) , major (F%x) , and minor (&) ) 1220
T, FREERMOFFEDZ A 7 (BIZIT, KiF) BNCHENLT 52 & THRY, WEDER (historical
performance) DL E = —%, ZTNHDOREMOMSICHEATHY . 2O LB 2 —, FRCRES
ERERT 2 b0, WED I N— 2 7 E2iTo T, AEMICERTLZ L Th Ly, Hiffshb
78 & AUGE (expected process improvements) . 33 LN E X T RER c RXR—R T A O DOZEHE) (normal
fluctuations) Z RitPA" 2 7201T, L b IRE(E O E WA FRREAMR M HELRE S 02 (39), & LIREE(E 28 2 72
BROIE, ZHUTHED MY T — (51&4) LT XETHDH, OFHEITIL, IBMOMA (additional inspection)

BENDZ LR EROIMEDBUETHLINE I DNDOREEZT HZ LIZRDTHA I,

3.2 Acceptance Sampling and Testing GFFEINL V7V v L)

After 100% inspection, a statistically valid sample is taken from the units accepted by the
inspection process. This may be a random sample or a representative sample (e.g., at fixed time
intervals or a fixed number per tray). Defects may not be distributed equally over the lot, and
therefore a sampling process that represents the whole lot is required. Typical sampling plans

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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used for this purpose can be found in the ANSI/ASQ Z1.4 standard (40). Equivalent plans may
also be found in the ISO 2859 (41) or JIS Z9015 (42) standards. For batch release, the sampling
plans listed as Normal Il are typically used. Tightened sampling plans may be appropriate when
an atypical result is observed or reinspection is performed.

EEFERSG, RE TR THRK &R T BRSO, BRI R4 2oV TV ER T 5, =
AU T o H L T b LUIRET 70 (B2, BE SRR TORR, HoH0
X hL—Y7 D DOEEH) LD THAH, RialEr y MIE—IZHMH L TWRWTHA I b,
Thoz, ay NEERERT OV TV o7 e ARn3nEmE 5, ZOHBMICHERT
KWV T Y T - 7T iE, ANSI/ASQ Z1.4 standard (40) 2 LD Z LN T&E 5, [A&RY 7
V7 e T 0%, 1S0 2859 (41) B DU E JIS Z9015 (42) DEUEIC L D Z LN TE D, Ny FHITH
\ZH7=>TiE, Normal Il (ZRAREL) 12V A RSN TWD XD Y7 U o FEHEIDS— IR
AEINb, EETIRI 2 HEE (atypical resul) DAERES SN, FHBREMTOILZEL, 2% (tightened)
T U TFHENEYITH S D,

These plans specify a sample size for a range of batch sizes and require selection of an
acceptable quality limit (AQL). The AQL is the defect rate at which 95% of the lots examined
will be accepted and is a measure of falsely rejecting good batches. Critical defects (those that
pose the greatest risk to the patient) should be assigned an AQL with a very low value. Often,
the accept number (the number of defective units allowed in the sample) for a critical defect is
zero. Major and minor defects, which pose less risk to the patient, will have increasing (less
stringent) AQL values and accept numbers greater than zero. Table 1 shows the range of AQL
values typically used for visual inspection processes (43).

ZNOOFE T, Ny FH A RXCHPEICBE L CH T4 XE2HE L, >0, Ak K
(acceptable quality limit ; AQL k) ORIRNLEL L X b, AQLITMREZIT-o7-1 v h®D 95% N 5#3
HEZADRMGERTH->T, By v b (good batches) % 7t > CTHEEET HFFIE (measure) T D, A
72 /K[l (Critical defects ; £ HIXAEFITK L TEKARY A7 28 L TW5) 1X, FEFITIEVMED AQL
ZEIVAITHRETH D, LIXUIE, ERARKM (critical defect) (2B L TOFFAEE (Y0 7V FITHFR
SINDKMaD B D HA L) 1T T T (zero) THD, BEK (major) 3 LXK (minor) 72 KBE (Ziuh
X, BEICH L CEMBIRIME & BT, RN A2 Z80) 13, AQLIEZHIIN (Bt L S2vh 72wy
less stringent) SHDHZ LI FNNRTHIC, Bu XL b RERENTFEIND, F1iE, BlEMH
TR T AR S5 AQL O Z R LTV 5 (43),

% @ BRIE fESKIX AQL & “Acceptable Quality Level” DFFETH 72D T, HAER & FEICX Yy v IR H 5,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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Table 1. Typical AQL Values for Visual Inspection Processes
#1 HEKRE TR EY AQL |

Defect Category (RMadDEKRPEXST) AQL Range %)
Critical ~ (ZAnf) 0.010-0.10
Major  (FEK) 0.10-0.65
Minor () 1.0-4.0

[NoTE—When selecting a sampling plan for AQL testing after 100% inspection using
ANSI/ASQ Z1.4, 1SO 2859 or JIS Z9015, choose the sample size to satisfy the AQL value for
the most critical category (e.g., critical) of defects being evaluated. Then use the accept numbers
for this sample size for the AQL values chosen for the other defect categories (e.g., major and
minor). This assures that the sample size will produce a statistically valid result for all defect
categories examined. The defect categories shown here represent a common basic approach to
grouping defects by risk; however additional categories may be added to these for more detailed
analysis.]

[HE : 2% %O, ANSIASQ Z1.4, 1SO 2859 % i JIS 29015 % LT AQL B D> 7
Vo7« 77 0@ IRT 585008, FMT 5 RMO R b ERRKKEXSy (Bl 21E, critical ; Séi)
(ZX9 % AQL Ziii /t S DV TN A A& BINT 5, LhUThe T oKX (121X,
major & minor) IZOWTEIRENTZ AQLEIZHOWT D, TDH 2 F YA Rk DA% f
B35 (%) ., ZOFIEL, ZOV TNV A IR, RELZETOXRMBXIITE LT, #Emic
HEIEREE LD EERGET A LD TH D, T IR ST RIMERX ) (defect categories) 1, U A7
WCHESWTKRIE 7 N—Y 2 7T 570D — KR ERN T 7o —F 2 R-THDTHD, ; LinL
RIS K OFERRMATIZIZ. T A OBMEIToTH &y,

* GREME) - DLULEWEAIRY S5WA, EARARKKEXD AQLIZHASWTIREIRY o FAAERE LT, ThEFNDKKMEIXS
WEAS LK EITV, fHMIiT5 EOEKEEbiLs,

The unacceptable quality limit (UQL) for the sampling plan used should also be known. The
UQL is the defect rate at which 90% of the lots examined will be rejected and is a better
measure of the customer or patient risk. The protection afforded by any sampling plan is
represented by its operational characteristic (OC) curve. This is a plot of the probability of lot
acceptance versus the defect rate in the lot. The AQL and UQL are two points on this curve.
Sampled units should be manually inspected under controlled conditions by trained inspectors.
Inspection conditions should be aligned with the 100% inspection process.

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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597 o 7 # D Unacceptable Quality Level (UQL ; #rik : xbisd 2kl MeEcm) b £ 7=, A%
LTCNWHRETHD, UQL I, RBEAL7-a > hD O0WNEIESND &V ) KD ETH - T, #H
KoDLWIBFEDV ZA7D, L XWREERLZLDOTHL, HHY LTV 7 - F7 028 T
B2 5D 0REIT, AR AR (operational characteristic (OC) curve ; OC M) 12 & - TR d, 2,
2 N DOKRIAZE (defect rate) (ZXTT D1 N OAEHET HESF (probability of lot acceptance) %712 > L7 %
DTHbH, AQL & UQL X, i LD 2 5DE L7225 (3t : AQL+ UQL=L OBUEZ IR LTV A DA 2) 4
Yo7 T SNICRARGRIT, AT TEmAERICKY, BEINIEREOT T, B FOFIC
L OBELTRETHD, BESEIL., 28 E TR (100% inspection process) & JENF A Z Iz D XX T
b,

Acceptance sampling should be performed after any type of 100% inspection process, including
manual, semi-automated, and automated inspection processes. It provides a measure of the
performance of the overall inspection process and the quality of a specific lot, compared with
predefined acceptance criteria. Although automated systems are validated before use and are
routinely challenged to ensure acceptable performance, the use of acceptance sampling detects
unexpected defects that were not included in the development and training of the automated
system by the manual inspection process.

HfaF iAW D 72D D2 7Y 7 (acceptance sampling) (L. il & 22D & A 7 D ERHRA 24T > 12412
FEhiT 5, ZOREREIZIT. £ NOFIZEDHE FEHEBIOFE BLOBBHOHIEIZL2HA
TavANRNEGEND, ZOHMDIZDDY T Y T (acceptance sampling) 1L, BRI BRAE T 1 R
DPERE (performance of the overall inspection process) & . T OFRE SV FFRHIMHEHE L s L CToD, HH B v
RO EE DFFE (measure) %525, HEMLESNTZT AT MIFEHAFNC AN F— &7V, FE SN
TR D Z L A RFET AT DICH N T ¥ L OB ThL bbb b3, Hif Al o
72D 7Y 27 (acceptance sampling) D 1E, FRESL DK (unexpected defects) Z T 5 H D ThH
Do ZO [HEESN DK (unexpected defects) | &1X, v =27/ (AOFICLD) METm X %2 HE)
b AT MMTEEHRA 5 L EIT, ZOFELIFICEZTENTORNSTZFEHTH D,

Acceptance criteria are comprised of the product specifications and acceptance/rejection criteria,
such as the AQL and UQL values, with an associated sampling plan that are necessary for
making a decision to accept or reject a lot or batch (or any other convenient subgroups of
manufactured units) as described in 21 CFR 210.3 (44). If the acceptance criteria of the
sampling plan are not met, an investigation should be conducted. Depending on the nature of the
failure, this investigation should include examinations of the manufacturing process, the raw
materials, and the packaging materials, as well as the inspection process.

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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HAARF AT A5 O T FEUE  (acceptance criteria) [, B5BIES (product specifications) & . AQL fE3 X TY UQL fED
&9 70, AN KT E (acceptancelrejection criteria) 72 5 i D SE o TN D, 2 G,/ ki) 13, 21 CFR
2103 (44) IZERENTWD L7 vy FHDWIE Ny F (F2id, fiE S 7z AL RS (manufactured
units) OMOTEE._ DY 7 7 —7) OS2 REST DO EREET LT T e T T
Thod, bLY 7N 77T OFFFHERECHEEG LRWoThiud, MtxsFEmd 52 &,
A (failure) DYEEIZ K- TiX, ZOREICIT, AT mER Ldc, WETm 2 B BX
OVELEEE RS (packaging materials) @ﬁiﬁ% SHAH T L,

If, after investigation, the inspection process is deemed capable of detecting the defect(s) in
question, the batch may be reinspected. An alternative inspection process, better suited to
detection of a specific defect may also be chosen for reinspection. After reinspection, a new
sample of the accepted units is taken and compared against established acceptance criteria. It is
a good practice to use a tightened sampling plan and acceptance criteria under these
circumstances because of the atypical nature of this process step.

H L, MERIC, TORES AN, MBELZ2>TWAKM (BEd D WITHEH) 2HRHEHTX S
ERREINTZR IR, ZFON Y T EZHHEA (reinspec) LTH EVN, H DUV, EDREE D KFa DR H
(2, FVELTWLEOMOMAET vt A%, BREDOTZODIHEMA LTS Lv, HRdik, GkKe
72 o T AN 2% (accepted units) (DWW T D=7 Y o T VAT L . HESE S-S HME(E (established
acceptance criteria) (2% L CLHER 95, ZOBERT v 7T HRIEETIAI 72 E (atypical nare) ZFFD72 D12,
TNODERESRMEOTTO, BrLODY TV T« 7T LEFRHIWTEENE (acceptance criteria) % {7
THZENR, BOnTh D,

3.3 Remediation and Alternative Practices (2333 L OVEIE DO HIE)
REINSPECTION (FRE)

As discussed in the preceding section, reinspection may be appropriate if the initial 100%
inspection is not successful. This includes instances when the established 100% inspection
failure rate(s) and/or the accept/reject number(s) associated with the chosen AQL values have
been exceeded. Reinspection should only be conducted using a prior-approved procedure that
addresses key parameters such as the inspection conditions (e.g., same as primary inspection or
modified to enhance detection of a specific defect type), the number of times reinspection may
be performed (this should be limited, and justified), and the acceptance criteria (e.g., same as

2N Nl A BN B, TNCHA T IARDY £T, RIFELZBET 2 ETOREEETT,
RASHI 72T 8 2 WA TH 2 & DR D HAITIE, BT HRUCESNT T TTF S0,
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primary inspection or tightened). If reinspection is required often, consideration should be given
to improving the sensitivity of the primary inspection process. Frequent and routine reinspection
is not recommended. Reinspection is not considered rework and is more closely associated with
reprocessing as defined in 21 CFR 211.115 (45), where a qualified or validated processing step
is repeated.

AR @ section Tigam L72 L 212, & LENOREIRE (initial 100% inspection) 73 ELINEIZHE D B 725>
7o/ I, RAEZIT O 2 ERWEITH A 5, TIUTIE, FENL ST BEUR A AR 52 (established 100%
inspection failure rate(s)) 35 XN,/ £ 721%, & L7= AQL i & B L7=A#, R EHEEL (acceptireject number(s))
EBZTHEOENNEGEND, ﬁ*ﬁﬁ 13T &S ST FNE (prior-approved procedure) 2 il ] L T D Zx
TONo_RETHD, ZO [TORRBINIZFIE] 12T, ROX S REZRANRTA=ZRFE RSN
TWDHZENEEND,

A (B 20X, PO (primary inspection) & [F] U2 D70, FFED KO Z O 570

IR SN2 D THDHD)

FRRAEZIT> T LWEE (2RI 2% T 222 DEFEUZ DN T O Y MEZ IR D (justified)

RETHD)

FPAHEHEE (acceptance criteria) (1] 21X, FIBIOMRE & AR D), & D WITEE L DIZT DD D)
b LR HBEICMIE L 705 O THIUX, WA 7 7 & A (primary inspection process) 0D JE%JE %t
DICODERITNEL 72D, HENOAFEREREIL. #HEIND O TR, FRAX. &
NN (rework) Z2 B8 L72 b D T3 < MRS AN Y 77— RBARENTT 0B AD AT v T3
VIR SN D%E1EL, 21 CFR 211,115 (45)ICHLE 41TV 5 K 9 72 reprocessing (fras) & D LV §ES 1T
BEAHT 21T O REBDTH D,

TWO-STAGE INSPECTION  (ZEYBERE)

In cases where an assignable cause, such as formation of air bubbles or specific container or
closure variation, results in a high false-rejection rate (rejection of acceptable units), the use of a
second inspection step may be considered. This is more common with automated inspection
systems, where there is less ability to tolerate normal variation in product or container. Under
these circumstances, the inspection system is adjusted to ensure acceptance of good units. Those
not accepted are considered of uncertain disposition until inspected by another means (e.g.,
manual inspection following automated inspection). Inspection conditions may be adjusted to
provide greater sensitivity in this second inspection step (e.g., additional inspection time) to
ensure a high probability that true defective units will be rejected.

2N Nl A BN B, TNCHA T IARDY £T, RIFELZBET 2 ETOREEETT,
RASHI 72T 8 2 WA TH 2 & DR D HAITIE, BT HRUCESNT T TTF S0,
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SIDAER., HDWVITRHFEDORIEETITROEFHD X 572, 22X 1D S D JRIK (assignable cause) D5
Bl BB ST REA R (false-rejection rate)  FRIK 1T TE A3 5 BN 2 25 D FEFE | rejection of acceptable units)
BZEUDHDOT, “IRRAAT v 7 (secondinspectionstep) & L TH LV, ZHTBEEMELIN-MmE Y
AT I (automated inspection systems) ClE L D —fXEITH Y . T DV AT AL, 8L H D VNIELEO W H D
ZEENIZI 2 HAVDEETIDME, E D L 9 RBREED T Cld, A T AT AL, B A O A (acceptance of good
units) ZPRAET D X DI STV D, G L7 57202572 (notaccepted) HAL A AL, D7k ()
ZIT. BEMRARO NI K D28A) ICX > THRAET 5 E TIEAH VKRB (uncertain disposition) & J.7¢ &
b, BEOKMZEFDOHN L (true defective units) 73t WFERDAERAES LD K 91T, MR (inspection
conditions) 1%, Z D BFEDMAE AT 7 (second inspection step) (il 2 (X, IBMOBEARFH]) &, LV
BWVERELZ 525 X ITHEEZIT>TH Ly,

The limitations of the first inspection and the reason for conducting a second stage of inspection
should be clearly defined and documented. The second inspection of these units by the same
method (e.g., automated inspection after automated inspection) is generally not recommended,
because the same limitation in inspection method is present for both inspections. However, it
may be suitable when the root cause is air bubbles in the solution and a study has been
performed to establish an appropriate holding time to allow the bubbles to dissipate before
performing the second inspection. It is recommended that each inspection stream (those
accepted by the first stage and those accepted by the second stage) be sampled separately and
evaluated against the sampling plan acceptance criteria before they are confirmed as accepted
and recombined into a single batch.

HIDOREDIRI (limitations of the first inspection) & 25 _EXPEOBEEITH Z & OFHRIL, BFAREICHEE L.
NEAEITO 2 &, RUTEICE o TEND OBRMAZRO ks (Bl 21X, BEMARICFE T <
HEREZIT D) 1L, —BROICHERIN D L O Tidky, 2870513, MEFIEOR URAN, W
TOBEZHENDI PO THD, LnLans, BARRKRMERTOKIMTHY . ZIRBREZT 9 i
IZKVEDERT 2 £ TOME L REFREE 2 23 2 EI M TN TV D 5AICIE,. GRIE . 2O
CHAROBRES 2[R IKT L 505 FRAD) @UIRGEENH D, FFRA DAL (each inspection stream ;
—UHRETEH Lo b D, BEOTKMRETEK L 2o b D) X, Bl 7Y 7L,
ZOY TV 7 - TT o TOFRRREEES U TRHI 21T 5 Z & 2295, 2, thz
NEPETOBWADHEREINT, — 20Oy FICHEMAE DY DENIITR D,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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4. INSPECTION LIFE-CYCLE (Mat&EZ7 14 794 7 L)
4.1 Extrinsic, Intrinsic or Inherent Particles — (#43kth:, NIRME, & 2 WXL E AR )

Particles may originate from many sources. These are discussed here, as well as in other
chapters in the USP (e.g., (1787)). Those that are foreign to the manufacturing process are
considered to be exogenous or “extrinsic” in origin; these include hair, non-process-related
fibers, starch, minerals, insect parts, and similar inorganic and organic materials. Extrinsic
material is generally a one-time occurrence and should result in the rejection of the affected
container in which it is seen; however, elevated levels in the lot may implicate a broader
contribution from the same source. These particles may carry an increased risk of
microbiological or extractable contamination, because less is known about their path prior to
deposition in the product container or their interaction with the product.

132 < ORAEPFICHKT D EEZXALNTND, T bZ, USP OfoE (Bl Z13(1787)) &3
W2, 22 TCilgimd b, BT o AOSNFIZHRT DRI 1E, DRI (origin) 237 (exogenous)
F720E “extrinsic” (USRME) THLEHRTILENTE D, ; ZTNUHLORFIZIE, BE (han .
E7 o' RIZH I L7 VWRHEIREY) (non-process-related fibers) « T o 7+ (starch) « LM (minerals) . B H
DARD—F (insect parts) . 3 X ONE L5 EFARLIT 2 IR 35 L OVEREY (similar inorganic and organic materials)
WEEND, SRMEOWE LA —FET21T DIEA (one-time occurrence) T D, TR A LT & Z
DT 25545 (affected container) Rk : ZO&BOAR) DBEFEL T DHI LITRD ; LInLRNED,
bHoHry FTEDO L LN ER L THWDEEITE, Rl—ORFHREAKE S5 LTV 5 TaetE
N5, TIEORAIX, A TFHINEG D 5\ WITIEHPIEYR (microbiological or extractable contamination) D
HRZED AR B D, LV ) DI, BEEIRTO, HDHWIFHRE & O AEH TOREIZESE
S TORBIZE L TIE, MO TND ZEBDRNNHTH D,

Other particles are considered “intrinsic”, from within the process, or “inherent”, which are
known to be or intended to be associated with specific product formulations. The determination
of whether the particulate is inherent or intrinsic to the process is based upon appropriate
characterization of the particle's physicochemical properties. Intrinsic particles may come from
processing equipment or primary packaging materials that were either added during processing
or not removed during container preparation. These primary product-contact materials may
include stainless steel, seals, gaskets, packaging glass and elastomers, fluid transport tubing, and
silicone lubricant. Such particles still pose the risk of a foreign body, but generally come from

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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sterile or sanitized materials and more is known about their interactions when in contact with the
product.

ok F1%, vt X250 “intrinsic” (NEME) TH D0, HLRMOLSGT TIIAELD Z LS
NTWDED, HDHWNIED L D 2B THEUL Z ENEMENTR T THhHEEXLND, KL
F- N B AT SR (inherent) 7>, 3 D WITHELE 7 1o = A2k AWNEME (intrinsic) DB D T DO

TN, £ ORA DYWL FHI72MEE (particle's physicochemical properties) 0D 1 B 72 RFEAT T IS < b D &
72 %o PRSI (intrinsic particles) 1. TFEHRS (processing equipment) &> D WME— R ELEEE AT (primary packaging
materials) (ZHISET 2 HDOTHY . Zbild, oAb s i, &5 WIEREGHERTICIXFRET
XRWHEDOThD, 2 OEELRB-EAEIZIZ, AT 2 LA (stainless steel) . 3 —/L (seals) .
H AN B (gaskets) . WHEFHA AN T AL LT A F~— (packaging glass and elastomers) . JRIRHEGEH T = — 7
(fluid transport tubing) 33 L TN U = ABIEAN Gilicone lubricant) DX FNDH THH I, ED L 9 Ihi+I%
FIZHEY) (foreignbody) DY AT ZH L TWAHD, —RIICITEE CTH L), A =X A XSl
WCHRT 2D THY | BB &8t L7 58121E, O AL (interactions) 23BEEID & D &
725 TWND,

Any process-related intrinsic particles should have controls established based on the use of a
life-cycle approach as outlined in 1.3 Defect Prevention. Another group of particles considered
intrinsic is interrelated with the stability of the product. These product stability-related particles
come from container—closure interaction, changes to the drug formulation (insoluble degradation
products), or temperature sensitivity over time. Stability-related intrinsic particles should be
identified and addressed as early in the product development process as possible.

7' ANZEIR T D DR D NIRME DRI - (process-related intrinsic particles) % . 1.3 Defect Prevention (&
%@%ﬁ)JK%ﬁéhf%éiﬁﬁ?47%47w-7?u~%@%%’%dmfﬁﬁéhk%

HER->Z &, NERMELEZX DNDKFDEDOMD 7NV —7 1%, "L OLEMEEMARAKREZ S - T

Wb, ENHOREOZEMEICED AR, BRas— 1‘3‘:@1:551/!5)% (container—closure interaction) . [ 3% 5

WTT DA CREEME D45 i# A %% ; insoluble degradation products)  d» 5 WM & & HITIRERRZMED

HATK (temperature sensitivity over time) & 72 > CTHLAL 2, ZEMEIZES 0 2 PNIKRIME DKL (stability-related intrinsic particles)
%, FRERG AT Tt AR NWEETREL, 22 EIF 5 & Th o,

The physical form or nature of inherent particles varies from product to product and includes
solutions, suspensions, emulsions, and other drug delivery systems that are designed as particle
assemblies (agglomerates, aggregates). Product formulation-related particulate formation should
be studied in the development phase and in samples placed on stability to determine the normal
characteristics and time-based changes that can occur. Use of automated particle counting or

TR IT4 T, R, TNHA T IARDY FT, FOUIFCEEET 5 ETOSEERTT,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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image analysis in the subvisible (for particle sizes >2 pm) and visible ranges may be required to
fully characterize inherent formulation-related particles. In biologics, protein particles are
considered inherent when their presence may be measured, characterized, and determined to be
part of the clinical profile. Inherent particles may be accepted if the drug product has a control
strategy showing that this particulate category is part of the product clinical profile. The
manufacturer may allow inherent particles if the product appearance specification also allows
their presence or if the product is an emulsion or suspension.

B AL ST SRR T (inherent particles) (D AERFZ2 TR 8 2 W MIMEENIE, UK 2 L ICEBT 2 H D TH Y |
AR, BRI, —~ vy a v, B L ORI F-EEEY) (particle assemblies) (EEEEHHL agglomerates ; EEEE YY) aggregates)
L LTSN TVBZDOMOIEYT I /3 Y —3 ZF I (other drug delivery systems) 232 £405, B AL
FCERT DR T DOURIE. IROBEBETHELITHI X TH D,

- B BRR B, B X

P TN DLEN AT D BN (ZOREM. WE RO L AU B LA

MR OEFRNCARIF T D2 (time-based changes) % 72 728D H D TH 5)
BUFNALTT H S DRLF- (inherent formulation-related particles) 2 /3 (ZHRHEfT T T 572 D12iE, BRI CHER T
ROHEDA (2 1w m BLEORIF) 36 X ORHLC & IS E T D ABIOFHE D 5V IZEHR ST utomated
particle counting or image analysis) VA2 & 72D Th A 9, EWHHIF Giologics) 13, £ DAFFENBRIK LD
077 ANO—HE LT HIE S 4V (measured) | FHE-D 1T S 41 (characterized) . & L CIRIE 415 (determined)
72 HIX. FOT AR IX AT I ORI (inherent particles)  (RTE : LG O Li-khE & LCORT)
EEZHND, b ULRESNBK R EOFEETET 500, HDHWVIELZBENR T~V Y g Vg
BT 578 b3, BUYESEH I IRAIL ST S ORI - (inherent particles) % ZF25 LT H LU,

An evaluation of the potential impact of particles identified from any of these sources may be
enhanced by incorporating a clinical risk assessment. This assessment may include factors such
as the intended patient population, route of administration, source of the particles, and
implications for product sterility. For intrinsic or inherent particulate matter sources, a risk
assessment may be useful in developing product-specific control strategies. Given the
probabilistic nature of particle detection, it is important to assess the possible implications of
particles identified through the product life-cycle to better ensure the product's safe use.

Z DHKIR (sources) 2NANAI72 2 b DTH A D L b FFE SNTRL T DAERI 2 A /37 |~ ORI,
BEIRE72 U A 27 BHAMl (clinical risk assessment) Z 4 AT H Z & T, mHHNDHTHA H, ZOFHEIZIX, K
DEIXIBRRFNEENDLTHA D,

HEY &9 2 B R (intended patient population)

P 5% (route of administration)

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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BT~ KPR (source of the particles) 33 X O

B DO TEEEMEIZBS 40 % FEIH. (implications for product sterility)
IR DRI T (intrinsic particulate) <°,  H L5 HH AL T~ (inherent particulate) D FHSRJRIC X)L T, L
A OEFEEIE (product-specific control strategies) %Eﬁ%ﬁ‘é ET, VR - TRERAAIREWRTH D, *J
T O IIMERARMEE 2R O7- 012, "EOLRREMNO LY KWRGED 7201, Miin 0 7
ATV A7 NVEEL TREI DR DAH @&)5 BEEEERIA (possible implications) Z 392 Z & 23 E
BThD,

4.2 Prevention of Particulates Chi 178 A DB 1)

The manufacturing process is designed to keep the final container and its contents clean within
the control parameters established for process-related particulates. Once the container is filled,
the stability of the product needs to be maintained throughout its shelf life. Changes that occur
as the product ages during its normal shelf life must be characterized. Avoidance of intrinsic
particle sources that may affect final product stability depends on careful consideration of the
entire product system. If these intrinsically sourced changes occur, and they affect stability,
particles ranging from sub-visible to visible may develop. Typically, these particles result from
change mechanisms that slowly affect the on-shelf product.

fhE 7 v 2%, T at AHERIAF (process-related particulates) (2% L CHES. ST FHL/XT A — X il
\ZHOMEAN 2R (final container) & Z DINEW DIEVEMEZ RO L D ITEKEIN SN D, D& - OEIRICTEHN
ShiuE, ZOREOZEMEIL. FOHENYR Gheflif) il L THRF SN Z EBMETHD, £
DI DA N (normal shelf life) I HELEL DO NNER (product ages) & L CTHE U A2 LI, FHEST Z2174
RIFEZR B, oL O EMITR A 5 2 57000 LIVRWNRIMERLT- (intrinsic particle) 0D H1 2R
R i R TNl s N %@%%VXTA%{ZM)EE&ED\%% (careful consideration) (ZAK1FT 5, & LEA
5ONRKREDKRFICHETHENEL, £ L TENNLRERICEET IO THIUX., BHRTITA
R IRRLA-7 B AR 7R IS 7o DR ORL -3 BLT 5 Th A H, —MKAIZIZ, Z b DRI
I%. the on-shelf product Grix : HHMIRMICH 2 2) (TP > D EEEBEE RIFTELA D= L%EET
Do

ROBUST DESIGN DURING DEVELOPMENT (BAZ&ERFDOFEREMEDFRE)

To anticipate potential sources of instability that yield intrinsic particles, the product design is
evaluated from many perspectives, beginning with a literature review of similar
formulae/packages. Points to consider include the reported sensitivities of the active, the
formulation type, and the final container—closure system needed for delivery. Knowledge of

TR IT4 T, R, TNHA T IARDY FT, FOUIFCEEET 5 ETOSEERTT,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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how glass containers are fabricated, controlled, sterilized, and tested is important as this may
affect the tendency to form glass lamellae (46,47).

WIRIMERL 7 (intrinsic particles) (ZHBIKNDARZIE I 24 U D0, EDA[REM O & 2 3 E RN 2 #4257
DI, BGERGHIR A RAEP ORI RE TH Y | AL/ BEIZ OV TOLEO L E 2 —
MOIED 5D, BREAIZIE, & OUEIZxT DS S 72 ES M (reported sensitivities of the active)  ZLJ5 D
H A 7 (formulation type) . 33 KX ORI (delivery) D72 DIZNFE L SN D HEHIRRESAE S AT LA E
FND, T AFaHN EDORRIZAHEM S HU (fabricated) | HE I 4L, E I 4L, £ L CREBRS LTV D)
DOF Ly (FHi) TEETHDH, LWV ) DI, T glass lamellae (FRik:: 75 2 DR KO 2)

IS DAEMIC R Z 5.2 20 b F R0 b Th 5 (46,47),

Obtaining further information on residual extracts, possible leachates, metals, or solubility-edge
conditions is important as these factors may promote formation of solid material in the aging
solution. Several additional key factors for successful product design are the product
concentration, solution pH, critical micelle concentration, oligomerization content/potential,
package effects (large surface area, product volume, head space, light/oxygen transmission), and
compatibility of the formulation with the package. Some key formulation design factors include
the formula components chosen and their purity; the solubilities of the active ingredient(s) and
excipients, and consideration of potential salt forms. Finally, to maximize product stability,
consider the final product preparation for delivery, product dilutions, and shelf stability of the
commercial product or its therapeutic preparations.

FRATHHIY) (residual extracts)  FIREMEZFFOHHHIA (possible leachates) | &> D WM XIEME D EE AT UT D 544
(solubility-edge conditions) (2 DUV TDH R DIFHATGD Z LITEHETH S, LD DIE, TN L DR T

TA DT LIZERHE (aging solution) T TORETEM DAL ZAREET 202 b FIILRVIN G TH D, A E’;?
I EICKRD ST T200, ZODOBMBLREERFIX, ROXLIRbDORH D,

- IR EE (product concentration)

« VAHE D pH . (solution pH)

- S X EVIREE (critical micelle concentration)

- AV T=—(bLDOWNE, FIHEME (oligomerization content/potential)

CBEEOE (REREME, "R Y 27 L ~y FAR=Z Ot/ TkFEFENE)

(package effects (large surface area, product volume, head space, light/oxygen transmission))

LA & DOBEAME (compatibility)

HERWF R LDOT 7 7 X —DFKDOINTIE, EE LTZAFH G &L EOMEREEND, ;
* Jﬁ% L /ﬁ%ﬁﬂ%ﬂ@{gﬁ?lﬁ (the solubilities of the active ingredient(s) and excipients)

2N Nl A BN B, TNCHA T IARDY £T, RIFELZBET 2 ETOREEETT,
RASHI 72T 8 2 WA TH 2 & DR D HAITIE, BT HRUCESNT T TTF S0,
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s A[REMED & B DRI DUWNT DEJE (consideration of potential salt forms)
Iz, RO Z R RIALT 2729012, TS & 5 U2 OTEERLS (therapeutic preparations) D
B E- (delivery) HLEL OFR (product dilutions) 33 &2 OHZDHARNZ EM: (shelf stability) BELET D,

To examine the appropriateness of the product design for maintaining product stability, there are
two levels of evaluation. Both levels examine retained containers for visible changes using
methods described in this chapter, but neither level dwells on low percentage defects.

WL EMNZ MR T 2 72O OGO UINEZ D5 72DIC, 2OOFHIO L~ LvnidH 5, Z0
200D LUz, Z OB T AR FFEEZ AW TRTERIRDZRES (retained containers) D PIIRAY % F -~
HHDTHAHN, WTFRO L~ RV S—t T — ORI TR U O TR,

For the first level of stability study, bench trials consisting of visual inspection of trial containers
in the formulation lab will show general compatibility of the chosen components over time with
regard to clarity, color, and particle formation. Careful product assembly in clean containers,
with consideration of the container type, headspace, and sealing, will yield a beneficial first-pass
trial of stability over several months' time. Detection of extrinsic particles at this stage of
development is generally not significant, as the particles do not reflect on the formulation under
development.

BEMEFHBDO RO LT A IFHFGEZ 73R (formulation lab) "C D BRI 5 (trial containers) @ H HRARET (visual
inspection) 7> 572 B X T« N T A T L (benchtrials) 7%, VEBAME (clarity) . &2 (color) 33 X UKL F-TEZA% (particle
formation) (2B LT, WFRIFRIEMICREID DIBE SNz T A —FR 2 b Gk MFMSOENIC, = OBEITIE,
EHEABROMI LG END LBbh2) O—RINREGMHEEZ RT D ERDIEA I, BERDIA T~y FA
N2 BEOV—V T EBELT, 7V - R THERRS MR AR T D Z L, A
ORI T- - T, LEMED beneficial first-pass trial ZE 025 TH A5 (% : FalaRiEsm) , #
suBAFE D Z OEEBE T ORI T ORI, HEVEETRY, LW o D%, 0 GhkED) ki
T3, BRSO Z KBS 2 b D TRV 6 Th D,

* 0 (GRIE) ZoOXEE EFEIMRTERVDR, ZOEWRITKROL > b0 L Bbhsd, ; ERAEROREE,
FHEHORES, BIOEHOFECRELZ +2I2E 2T, BHREMIC, To2EEEITL - THEH
AU, B A ORI LG TR T 2R T3 BEBT 2008 9 OREVECOWT D, Fis/Rik
WNZEET_RE N TA TN EEZDTHA D,

The second, more refined level of stability study involves conducting visual inspections of the
injection in defined, International Conference on Harmonisation (ICH)-relevant trials. This may

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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include periodic inspection of the same containers over time if the product does not require
reconstitution or is not affected by frequent temperature changes. Detection of minor or subtle
differences in these containers is not the goal at this stage of development. Catastrophic change
and the occurrence of intrinsic product-related visible particles should be the focus. Typically, a
set of containers is carefully prepared to exclude extrinsic particles and is then inspected to cull
out any units with visible defects.

BB EMERE DO X0 R L~UL (more refined level) (X, ICH IR D EFRS L ~ T
A 77 )V (defined, International Conference on Harmonisation (ICH)-relevant trials) (Z331F 5 HERA O BHREZITH 2 &
ZEES, T, b UBIAIDS AR (reconstitution) % ZE3R S AL D, B D WITBEE IR A LIZ K
STHEINRVOTHIUL, FFFEFREIZOWTIE, B UAEROEMNRRENZEND Z LIk
Do T DRZNIBT DI ZEEL (minor or subtle differences) DFRHIIE, BRFE D Z OEMETIZEIE (=
—) ETDHHEDTIERY,  TBIFZRZE{E (catastrophic change) | 36 J U8 TR DR G2 B30 2 7]
FREDRI T (intrinsic product-related visible particles) D¥E/E| IZESEZ U THRETHDH, KMz, 1> b
ORIFIEFBIERSAER L, S RMRIA (extrinsic particles) ZFR< o RUWNT, m[4RAY72 KKfE (visible defects)
ZRF O TCORARRL Gnyunit) 2D BR<,

Next, a numbered set of containers appropriate for the batch size is placed on trial and visually
inspected periodically; a typical sample size is 80-100 units. Additional sets of containers stored
at selected extremes of ICH temperatures can be followed to aid discovery of solubility-edge
phenomena. When unwanted changes are detected, such as particle formation, solution color
change, solution haze, and package changes, the process of isolation, characterization, and
identification can commence. ldentification of the material making up the changes aids in
determination of the cause, as well as development of improvements for future use.

W, Ny FHA X U@ e B 511 Lm0ty MEREH wia) ([ZE X, EHIC A
RAEZITY. « —MHRY 7 A X% 80~100 HIAZRTH D, BIMOFGHOE >~ b, ICH
DR E DR TE S TR 72 L (selected extremes) CTERE L. R OB HATIT OB (solubility-edge
phenomena) D¥E FLOBIT & 32 Z LN TX 5, KL HZEK (particle formation) | % D 75 £ (solution color change) .
IR DAL (solution haze) € L CeIIEAER DAL (package changes) D & 5 72, 4FFE L < W EA BRI &S
I AITIT. B Gsolation) . HFESAT T (characterization) . & L CIRITE (identification) Z PG5 Z &3
bd, BlLEE I LIEMEORIEL, S%OEMOYWEOBIAIC/ARD &L b, ZORKAEZRET
o ETohit L,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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COMMON SOURCES OF INTRINSIC PARTICULATES (INEMBIF D83 5 3AEIR)

Process-related intrinsic particles originating from product contact materials tend to be stable
and unchanging (e.g., glass, rubber, or metal). In contrast, there may also be particles resulting
from product stability-related change mechanisms within the final product. It is very important
to understand that these changes only have to be slight in certain cases, far below the detection
limit of most release or stability assays, to result in visible changes to the product. The threshold
levels for the formation of visible change for certain substances may be only 10-100 ppm
(0.001%-0.01%). However, if all of this insoluble material were contained in a single visible
particle, it would likely cause rejection of the container.

SRR T D5 MR T2 [ o ABEOWNERMRL -] (process-related intrinsic particles) (%, ZZE T
b, BlLienwEnwofmarnd BIIE, 7 A, T4 HOLWVITERE) . T & ITxHRIIC,
BRI CORIELZEMEIC BT 528k A 51 = X 2 (product stability-related change mechanisms) 7> 5 42 U A H7
FTHFEET D, WEOHHNEZBT-6T Z 8%, LA, Z<OHMD, &HDHWIXEE
PEDEBIEDORIRA LV HENS TRO, EFITED RS DICBT 2N L2 HRT 5 2 LNE
BECThbdH, HOWEIRT D BN E Z 2 BfEiX, %2> 10-100 ppm (0.001%-0.01%)
SIS, LLRRE, b LIORBEYORTH, — DDA HH7ZRIF (asingle visible particle) (=7
FN6IE, ASIE, TORGOREESDRKZGI ST THA I,

FORMULATION COMPONENTS  (JL5RRSY)

The active ingredient may also contribute to the presence of stability indicating intrinsic
particles. For example, significant haze and particles have manifested in aqueous formulations
due to extraction of plasticizers from filtration media during bulk drug production (5). Metal
content in the active ingredient has contributed to organometallic salt formation and has also
been observed as precipitated inorganic salts, blooming long after product release. The active
ingredient and related degradation products may also be relatively insoluble and may grow to
form visible particles. The particulate material must be analyzed to determine its chemical
nature and possible identification.

JRHE (active ingredient) (%, ZZEMEFRER O T CIIWNIERMHKLT (intrinsic particles) AU 25 Z EIZH %575 T
HAH9, HlZIE, OEVIREEDZEAL (haze) ERIT-1X. KMELLS (aqueous formulations) TEHE 72 D & 72
STWAHN, ZIUI V7 EIRFOBRLEF O AJEFLF (filtration media) 7> 5 O RIYEH (plasticizers) DIRHIIZ
KD ERHLNERS>TND(B), JFEFDOEIEMEEHY) (metal content) 1. H %4 B (organometallic
salty DIERICEAG L TRV, £/, "W OREIChz> T, EBEEOWRER L L THZEIND

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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TEMB D, JFIE FIUTEEE T D AR (degradation products) 1. FLESHORNIAEMETH D . AIHRAY
FFEZERTHETOREIIIRETDHREMEND 5, K2R T DWE (particulate material) (L.
DALFERIME ZRET D720 L, £ L TCHRETOILIREZ TXXTh 5,

Monomers or single molecules may join together through chemical processes to form dimers,
trimers, and oligomers (a limited assemblage of monomers, short of polymerization). Such
changes are not unexpected (48). In high-concentration and/or saturated formulations, and
especially for micellar drug associations, the solubility of related forms is significant when the
aging formulations contain progressively higher concentrations of these substances. Larger
molecules may have a greater effect on solution integrity due to their inherent insolubility,
especially if the active drug is in a micellar formulation.

&/~ — (monomers ; Hitlx) & D UMEIH—DS3F (single molecules) 1%, {LFHI7e 7 m& A& LT &K
(dimers) , — &K (trimers) \ BEIOA Y T~v— (NEHEETH I L TMHEITRD, DX D 7 0IL,
FHL D D TIEZR\(48), ERER LU/ £ 73 BFRETOLST, & L THIZ 2 'Lk L 7= 354
DA (micellar drug associations) Cld, TA 227 L72ALJ5 (aging formulations) 7%, FLEZHIEWEE TZE U
LB EEGTHAICIX, BET MK (related forms) OEMREIL. AERbLO LD GRIE
WRENKE L 2D) o Frio, b LRI 2 'L (micellar formulation) % L7=72 51X, Z i
AV [T 720RE T (inherent) S NS RME T D 728, TRHE D FE4VE (solution integrity : 7REE THRIIREE &5 | Wik L

LTosatt?) ) ICK Y REQEBEL LT THA D,

* (JRCH o) oligomers ; € < —DRERIZ2EEAIKR (alimited assemblage of monomers)
BEIO/ E7201%, FEV polymerization % E KT 5,

Polymorphs are unique crystalline forms of identical chemical entities. Although uncommon in
solutions that have been mixed homogeneously and filtered, small seed crystals of a relatively
stable polymorph may form over time, especially at nucleation sites such as container-surface
defects. More common than formation of polymorphs is formation of a modified crystal lattice
containing an integral liquid, typically water or solvent. The lattice may form slowly, promoted
by evaporation, nucleation, and temperature extremes (49,50).

LR (polymorphs) 1. [ — DALZEYE (identical chemical entities) Tl db D 2%, AR5 PEEZ H > T
Do ¥—ITIRE S, T LTAHAIE SN DRI TIE @it 2pttesT b0l SR DIRNDS, ik
HIZETE 72 B TEAR D /INEDOFEEL (seed crystals) DS HAVIE. ZFAVITFRIRGE (over time) & LI I A T
BAHD, FFICZAUT, FasRm DKM Gk : x208w»2) &5 o7 X 9 7ekk & 72 58T (nucleation sites)

TiEL Z 5, ZIARDIERLISN O L0 —EH) 72 & DI, integral liquid Grix: &mrar) % 75 e modified crystal

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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lattice (fsthifsits - 2) DB T 5, Z O TFI1E, W o < D LIER S, 2856, K (hucleation) |
% L C temperature extremes (Rt : igEfHOSERE2) (2 XV IEZ D TH A 9 (49,50),

PACKAGING COMPONENTS  (AIE&#1))

Extractables and leachables are terms commonly used to describe the potential for primary
packaging materials to contribute unwanted agents to the product. Extractables represent all of
the materials that could be contributed, and leachables represent the practical contribution upon
contact between packaging components and drug formulation (51). These substances can also
contribute to the formation of subvisible and visible particles.

FHH (extractables) 3 X ONVEHIH) (leachables) (3, i (BUHI) (2L > TEFE L <2V (unwanted agents)
DIEEPRE T2 DB IR N Fas D AIREMEZ B D 7o DI, — R SN2 HEETH 5, fllth
W) (extractables) 1L, e/ HHTL D A[REMEZFFORTOWEZ R L TWDH S, IRHM) (leachables) 13,
Ken & EIELST O ORI L0 FEERIZBER L T 2WEEZEL TV 5(51) . £ OWEIL,
7o, YA ZORF-F6 KOG Y A ZORLF DTAUCEES 2,

Formulation attack of the container is a dramatic change and most often occurs in glass
container systems. Glass containers undergo corrosion that is 25 times greater at pH 8 than at pH
4 (52). A formulation pH above 7, especially with high-ionic strength solutions, promotes attack
of the inner glass surface, resulting in particle generation.

B DA K ORI F-TERAEM (formulation attack) 1, BIHUZ2 (LA BI &R ZTHDOTH Y . ZiUISh
EDOBEIT, WITARBUATLATHEL D, HT7AREIL, pH4 TEO L, #o LA pHS8T, 25
VL DR B (corrosion) & 52 1T D (52), FEIZENA A HREE L 72 HpH TUL ETORIBIX, 7 ANFKEHD
RRZRESE, BTEREAELDZ LTS,

Silicone oil is added to pre-filled glass syringe systems to enhance lubricity for closure insertion
and/or syringe movement. Silicone may also come from tubing used for fluid transfer and a
variety of polymeric fittings and seals that are used in the processing equipment. All of these
components must be compatible with the formulation to minimize leachates. Although silicones
are processed to be sterile and are widely used, their use must still be controlled. Silicone can
cause container sidewall droplets and a variety of visible semi-solid forms. No more than the
minimum quantity should be used during processing. Silicone and other hydrophobic substances
have the capacity to coalesce and agglomerate with other particles, reaching a visible size.

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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SOOI USP OF ) 757 ORERTT, B2 NEIRHO SUP I L Y SR % F S\,

TULTANE VY« VAT AIX LT, BOFARLV Y P o#hx otz R 572
Wi, Y arAAAnmzoind, YU aridik, BEROBXIERASNLEF2—7%, 7
Y AP T A ZRE2 R AR U <= —PEDMi S (polymeric fittings) 35 L TN — /L (seals) 706 b A>T b,
ZAVD DFEREL (components) DA TIE, WA /N & 72 % K 91T LA XIS S22 T VL7 H7auy,
viavit, BEERDZEIICLETEDLZLOTHY, ORI HHINTWD A, 20X
FLEHEBI L2 T U S 70, VU RS OIEE A3 A UEE (container sidewall droplet) <2 ﬁ%fz
72 AR 72 S ER ORI - TZ R (visible semi-solid forms) DJRK & 72 0 155, 7 vt AZi3Hx/NREO &% ff
MTR&ETHD, v arBlLUOMOBUKEOWEIL, ORI FIZ@EE (coalesce) L. 2 D%EHET 5
BB/ ER > TBY, ZAUIRKEMIIZ AR Y A XICBET 5,

4.3 Particulate Removal by Component Washing ~ ([H#25& &5 DPEHIC L DR - DFRZ)
GLASS CONTAINERS  (HT R%88)

Each step of the glass-container washing and rinsing process should be evaluated for
particle-reduction capability. The washer validation studies should demonstrate a reduction in
naturally occurring particles or should use seeded containers to demonstrate such reduction
capability. The use of statistical sampling plans with light obscuration and/or membrane
microscopic particle-counting methods can provide a means to demonstrate reduction of both
subvisible and visible particles during washing cycle development and validation.

H T AR DUEFB LN ADT vt ADEE AT v 7 1E, bR EFHMET X THhs, Ik
WD) F— 3 UIE, @ﬁ?%‘%iﬂ“é*ﬁ% (naturally occurring particles) DY/ ZFIE & TH 5,
HHNE, FDO XD B RENEFE T 572D, KB % A/SA 7 LT 4% (seeded containers) % fifi
?ﬁéfhéo%%%%yfuyf%ﬁw\%ﬁmﬁ%ﬁ@&%i@/iki%yfﬁyﬁwﬁﬁ
FRHANEZFERH L CHIET A Z &1, ST A 7 VOB E L ONY F— a U HoIEREHE X
VAT EIRIF (subvisible and visible particles) D[ )7 DI/ Z3EAT 5 FEEZ 525 HDTH 5,

During process development, validation, and routine use, container-washing procedures should
include periodic visual operational checks. This routine verification ensures that effective
draining of all containers is occurring during all washing and rinsing steps. Review the
wash-water recirculating filter maintenance procedures to ensure that particle overloading or
breakthrough is being prevented.

Tat AR, N TFT—arBIXONL—F L TOMATIZ, ResPelE 715 (procedures) 11X, TEHIAY
MBERIERIZ L DT = v 7 (visual operational checks) %é\&) HRETHD, Zivcy B EEINTHER (verification)

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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TB5Z L. B TORIDOANZKYIY (effective draining) 23, ETOVEEFRB LI OVEX D AT » 7 (washing

and rinsing steps) OEIZAE L TWDZ EZRIET DD L5, KD AT (overloading) & 5 VML id i
(breakthrough) Z BHVNTUWD Z & ZIRFET D7D, K—IKIEER 7 4 V2 —D A T 1k (wash-water

recirculating filter maintenance procedures) Lt “—ﬁ‘ HZ L °

Glass breakage that occurs during the component washing process could affect surrounding
containers and the washing cycle should be evaluated for possible glass particle generation and
distribution. Effective, written container-clearance procedures following these occurrences
should specify the number of containers to be removed from the affected portion of the line.
Removing units that could potentially contain glass particles aids in minimizing particle transfer
to the downstream process.

HEERas DYEYE 7 2% A (component washing process) HIZZE U2 4 7 AHEIZ. ORI ELY 5 2
HHDTHD, EOTDYHA 7 VL, BT ARADREL ZDIRANY  (distribution) D FIHEPEIZ D
WCHHEiZ T 5 2 & TD X D e BWEBEROFAEITH N TIT I R RIR 7 VT 7 A2 T
D FNAZE (effective written container-clearance procedures) (%, M54 7 A ¥ OB EZ T AN O £ D K4
OEERET DL, T AR EZELRREMEOH DM R Z 0 £5 2 L1, Tl TR~
K- OB EZR/MET D ETOMIT L5,

ELASTOMERIC CLOSURES (=A%)

Each step of the elastomeric-component washing and rinsing process should be evaluated for
particle-reduction opportunities. Utilize statistical sampling plans to collect meaningful test units.
Light obscuration or other automated particle counting and membrane microscopic
particle-counting methods may be used to demonstrate reduction of both subvisible and visible
particles during washing validation. During process development and validation and in routine
use, container-washing procedures should include visual checks to ensure that stoppers are not
routinely sticking together. Such sticking surfaces reduce cleaning efficacy and entrap particles.
Periodic assessment of component cleanliness and supplier washing capabilities should be
included as part of the supplier qualification program when using purchased, ready-to-sterilize,
or ready-to-use components.

=T AFE (rubber-component) DVET T E 70 ADK AT v X, R IR O FRTHENE (particle-reduction

opportunities) (Z DWW TEHIET 5 Z &, BHROH 2R AT 9 72D DAL AT (meaningful test units) % 528 5
eIz, MRS TV 7« T U MT 5, W) F—3 g o HROIERHE LU
BAHIRLA- DT DWW ZFEAT 2 72 O1TiE, Sl ORI F-5HE, &2 Widhho B 8k S -k +

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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ARl BROA T T CBMEERFRHINEZ L TE L THA D, TrERADRRBENY T — 2
vz, £ L CHEREER T, 280 H #BYIZ sticking together (i : = Afe v LTl /20 2 &)
MELTWARZ EZRFET 27201, Bt FIRICIZ B TOTF = v 7 (visual checks) DD Z &,
ZDOEIBRAT vx 7 LTWDHRAE, WFAIMELRD S, bivra 87 v 745, ARIC
BEICHE SN TWND T L, HAHWIET A TEX % T A (purchased, ready-to-sterilize, or ready-to-use
components) &2 EFIX, I LR DIEEE (component cleanliness) & HEFAE D VUEIFHEE S (supplier washing
capabilities) D EMIIREMZ . V7T A v —EMEREM 7" 7 777 I (supplier qualification program) D & L
TEDDH L,

Evaluate any current siliconization process used, whether in-house or by the supplier, to
minimize excess silicone levels while maintaining machinability of the stoppers. Light
obscuration or other automated particle-counting method may be used to compare overall
particle level reduction (background silicone oil droplets) during process development or
validation. The level of residual silicone oil will affect the particulate quality of the final filled
product, observed as dispersed droplets and particle-forming matrices.

B TITo TN T I 4 ¥ —TITo TV H0EHIE LT, BUET-oTWa v U afbrmk X
(siliconization process) Z Rl 5 2 &, ZAvid, I AEOEREER O BAFME (machinability) 2 HERFT 5
eIz, v arMEHESNLN, 20V ) a2l fil+2 2 L 25/INRET DD TH D,
Tat ZDRETHLWINY T =g VRO LY (RN 7 7T REloTnND
U aFANONE) O T D 72012, JElRE D 2 VW IEh o B BE S 7ok EHENE
EERATDZENARETHA ), BIFTDHV Y arFANDOL~ULE, o L7z BE— O (dispersed
droplets) 33 KX ONRL T TEZY (particle-forming matrices) & L CHAZE S 4L, Ff&HOIC FHE S 7= 85 R - E
BT L THA I,

GLASSHANDLING  (H7 2XDEEE)

Processes that use racks or trays for transporting and holding samples, as are typically used in
batch ovens, should be monitored for metal particle generation. The racks or trays should have a
formal maintenance program associated with their routine use. Trays should be inspected for
wear and scoring, which can be sources of particulates. Periodic cleaning, polishing, and/or
resurfacing may be warranted to effectively control particles. Tunnels used for depyrogenation
should also have a routine maintenance program for periodic cleaning, inspection, and
replacement of parts that may wear and generate particles. Routine process observation for glass
breakage allows for clearance of any potentially affected surrounding containers and minimizes
the occurrence of glass particles being carried downstream to filling. Glass-to-glass and

FERICIT T, RRAR, L FRUCHE A T IARDY T, ROUIR LA EET D L ToOREERTY,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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glass-to-metal contact should be minimized where possible to reduce weakening of the glass
surface and increasing the risk of subsequent fracture. The use of polymeric facing on guides
can help in reducing such damage.

Ny FROA =72 Grik: gk T RACHEH SN TWD K57 7 OiEMH 50 i
REHDT 7 (racks). ETIL M LA (rays) ZFEHT D7 RT, &R TFOREEZE=F—T5
T, Ty BION =T BEAER EBEEM T TERRA T F AT e T AEROT &,
TEHAM 72151 (cleaning) . 7N U /27 (polishing : (GRIE) BEx RiFzn k), BEO XL resurfacing (Rik : #
HOFREML?) X, ZIRMZREERTIETH A, B A lEH]T2 Foxvb Ee ESNZR Y
U~:VﬁLF@§LFﬁ%%ﬁak@%ﬁbk@éﬁé%%@ﬁﬁj:ohf@w~%yﬁﬁf
YTFUATR T T L ERORETHD, HTABBIZONWTOL—F R 7 vt A8, ¥
BEZTT-ATREVED & % 80 ®§%®7)77/2k\ﬁg@mezLiﬂéﬁ7xﬂ%@%$
DOE/MMEERREIZT A LD TH D, T AR L (glass-to-glass) 38K ONH T A L 42 JE (glass-to-metal) DFEfR
X, ENERED SED T ENARARGAEIIE. RMETRETH D, ZAud, H T AR & Msat
(weakening) L. 2>DZF D% D TFETOMEHE (subsequent fracture) Z /M D720 T D, Rk« @ %
D) A R~DETFMME DI 3 T (polymeric facing) DFE L. T D X H 727 A v PORAD #8IT 5,

EQUIPMENT PREPARATION (M58 #:)

It is important to minimize redeposition of particles on product contact surfaces after cleaning.
Cleaned and sterilized equipment should be protected by HEPA-filtered, unidirectional airflow
until transferred to, and installed on, the filling line. For cleaned equipment that needs to be
wrapped or bagged prior to sterilization, utilize low-shedding, non-cellulose (synthetic)
wrapping materials. Cellulose fibers are one of the most common particles found in the
injections-manufacturing environment and injectable products and their origin will be a prime
concern (43).

7)== TR ORI A ~DOFIRE L R/MET 2 2 ENEETH DL, 7 U —fbL. W
L7225 (equipment) 1%, B4, #EERIZE ]\éﬂ ZLTCRET A AL ETOMIE, HEPA
TAHM L7e—H MK CHRi#ET D2 &, WHEANIEEL T, Ny ZICEED 5 BEDO H LIV 7

WZxF LTI, BEMENMEL . B —2 TR (BAD) BIEERT (low-shedding, non-cellulose (synthetic)
wrapping materials iR TE : Tyvek 72 EOHEM A LT3 Lbhz) ZRIHT 5, v — R, AR
RELIERNAITRAON DS KRR DO—2THY , ZIHDFRAER (origing & 7225 HDIE
KO (prime concern) & 72 5 (43),,

RIS, M, T A TIARDY T, RIFELEBET 5 ECTCOBRBER T,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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FILLINGLINE (FHEZA V)

The transfer of open containers should be evaluated and reviewed to mitigate particle
contamination. For example, for aseptically filled products the transfer should be conducted in
Grade A (ISO 5, Class 100), unidirectional air flow to minimize particle contamination. The air
in critical zones should be monitored continuously during operation to confirm compliance.

B L CWARSROBEIT, KLY OB T 5 (mitigate) Z &N L CREE L E = —%9T5 2 &,
B 20, MEEEREEIC X0 S A 4T O BIANCRT Ui, ki iEYeE i IMET 5 7212, Grade A (1ISO
5, Class 100)D—HMKIEH TIT9 T &, Z DEEXIL (critical zones) (Z331F 2 22KUL, IERIESTIREE
ZHEFRT D 72DIT (to confirm compliance) L, AT (continuously) E=X U 7 &ATH Z &,

Routine checks to detect particles and potential particle-generation locations should be
explained in the procedures. Effective, written container-clearance procedures to be used after
glass breakage should specify the number of containers to remove from the affected portion of
the line. Note that improper set-up and adjustment of the filler can lead to “needle strikes” where
the filling needles make contact with the container being filled. This can generate either stainless
steel or glass particles.

B0, AIREMED & DRI T3 AEMFTZ2 R T 270D —F Ui TF = v 7 1%, FIAE (procedures)
WZBWTHHATRETH L, I AMEPEESZRIEHA I &, 2R, Bam—72 V77
VADTFNEZE (container-clearance procedures) X, 7 A v DL Z T DE N HELY £ D RE BFas DI
EHETHZ L, T4 NF—OREYRE Y N7y T EFEEIL, “needle strikes” ZE L Z L ITHEE
52 L, 2D “needle strikes” & 1%, FEIESEL (filling needles) 23 Asn & i HARETH D, T,
AT L AR AL H T AR A O TN EAET D,

Filling pump design and the pump's compatibility with the filling solution are important
considerations. Metal-on-metal piston pumps have a greater potential for generating metal
particles, compared with other types of piston pumps. Pump maintenance is essential and
includes a requirement to resurface the cylinders and pistons periodically. Peristaltic-action
pumps must be monitored for generation of silicone tubing particles, especially with aggressive,
near-saturated solutions or suspensions. Friction in the peristaltic roller area can break down the
tubing, resulting in the generation of particles.

FHEETARIRTO THRBERT - FTHA ] 20 [RoTOWEEME] 13, BELEZEFHETHD, &
BEILOE A N R 7 (metal-on-metal piston pumps) %, O Z A T7OERA MR 7 &L T, @Bk

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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TEREITEDLAREEDRRE N, AN KRUT T, AT ORA T FUARKUEOEHTHY . £D
AT FAZE VY =B OE X b DEHIRY R resurface GRixk: &0 EH 2) DERPE END,
NRYRET 4 T ROKR T (peristaltic-action pumps) (£, U I > F = —T7 H3RDKI 1 (silicone tubing particles)
DIAEEET=F—FT5H T &, KFlZ. aggressive, near-saturated solutions or suspensions GRIE : 5isd 2 B AGEHEAR
B, TB{bZH 2 Lod o, VR S ERNCIERIE, £7238i) 7)) 2 L TV A SEAICITEERMLETH S,
NRYRBT 4 7D —TF =T DERST (peristaltic roller area) DEEELL, Fa—T7 B EIE, R EL
ThHiFDFAEZEL S,

Stopper bowl surfaces should have a formal maintenance program, and stopper handling or
replenishment by operators should be specifically designed to minimize particle transfer to the
stoppers. Proper operator positioning and avoidance of open containers is important in good,
aseptic filling practices, to avoid microbial contamination. These same principles help reduce
particle transfer to the open containers and exposed elastomeric closures.

= 2B A DR — 1 (stopper bowl) DFE(HIE, IEFHD (formal) DA T FH o A7 0 T haFpoZ &,
ZL T, BRI, FEZICL 2T LRI, 2D WITMF (replenishment) 1, = LAE~DRLF D
BATZR/MET D XD ICRGHT 2 2 &, THIEREEFR O BAE] & 1A LRzl 5 2 &)
VB AEE G % 30E 1T 2 72 8D D L 70 M8 1 1 72 T B D B i (good, aseptic filling practices) & L CEHE TH 5,
I E R LW OFEANT, BAARSROR OB LD I T2 5 2 TOWMT LD,

Careful selection of cleaning and gowning materials will help reduce contamination from
extrinsic particles and fibers. These clean-room materials should be selected for their superior
non-shedding and low-particle properties.

BEigr & A& ACOME (cleaning and gowning materials) O JEEL AV VERAR L, A SKME DKL T-33 L ONAHE (extrinsic particles
and fibers) 735 DIEGE < H 2 COMIT LD THAH, TNHD 7 Y —2 —LNTHEAT 550
OB, BB D &ML - D FIEF EEM: D & @ (superior non-shedding and low-particle properties) % B35 Z &

44 Trending (kL FOMER)

Data obtained from the inspection process are used for batch release. These data should also be
analyzed for adverse trends on a periodic basis, typically at least once per year. High-volume
products may generate sufficient data to allow quarterly analysis, whereas a longer period of
time may be necessary to accumulate data for products that are produced infrequently. Data
from component inspection, production 100% inspection, and the AQL inspections should be
evaluated based upon sound statistical principles to determine whether the current action levels

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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are accurately reflecting the current process capability. Alert levels may be introduced and/or
adjusted accordingly if the statistical analyses indicate that lower defect levels are being
observed consistently.

Ny FHFOTZDIZIE, RE TR TR ONET =X E2EHT 5, TNbOT7T—X3E -, B (—
WPIZIE, AR 1B 12, EAREIA] (adversetrends) &7~ L CUWWRWNEFENTT 5 2 &, KEIZEEL
TV DB (high-volume products) (X, DU CORT A AIREL T2+ R EDOT — X 2 H o5 Th
AW, M Lol S nflihoT —2 13, EHMICE> TEMTIXLERH L1259,
component inspection Rk : /o 7 AEERT LI A RORE) . TG TORBIRA (production 100% inspection) |
BLORAQLREND DT —XIL, BATOT 7 v a v LUV BRI 7 o' RGeS/ &2 K ST
DMEFARDIZDIT, Lo & LEHEIREANCESWCGEHMET 52 &, 77— L~L il
AT D0, HDHWIE, b UHFHIRENT S L D IRWKIE L~ L EH#IOR LTV D O ThILE, Ehic
JELT, (TI7—bhLrd) iEEEITH 2 L,

When establishing new action or alert levels, a preliminary value may be used until sufficient
production experience is obtained. Consideration should be given to planned improvements in
the manufacturing and inspection processes. If significant improvements are planned, the
reduction of the action/alert level should not be instituted until the impact of the improvement is
measured over sufficient time to establish the validity of the new value.

=T 7 a b bHDHW0NET 77— b LUV EHENLT D54, TGRS 5D £ T
DORIE, B E #7201 (preliminary value) Z 1 H L T % L\, Bl ds L OMRE 7' 1 & X O FHE[I) 72 B (planned
improvements) (ZXf L CEEAZTHZ &, b L, KRERUGEEZHBT L7201, EDOA X7 R,
E DT DZ AL T D 12D DO+43 IR o7z o THIE S S5 £ TORIE, action/alert
level DL () Z1THRWNT &,

* : (FRYE) JEEEIL reduction TH DD, HiEEZTIFS (BL<325) Z & T T,
DD &) LFRLEZW,

FRRIIIL T, AR, 8. FhCH A T ARD Y £, RIFEXEBET 5 ETOSEEE T,
FREH) 7 I D B WDE TENZ & DDA, BTRTUZE SN TITo TR &Y,
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5. INTERPRETATION OF INSPECTION RESULTS (Ffs SO fER)
5.1 Defect Classification (K50 7 Z A 4531))

Defects are commonly grouped into classifications based on patient and compliance risk (1).
The most common system uses three groups: critical, major, and minor. Critical defects are
those that may cause serious adverse reaction or death of the patient if the product is used. This
classification includes any nonconformity that compromises the integrity of the container and
thereby risks microbiological contamination of the sterile product. Major defects carry the risk
of a temporary impairment or medically reversible reaction, or involve a remote probability of a
serious adverse reaction. This classification is also assigned to any defect which causes
impairment to the use of the product. These may result in a malfunction that makes the product
unusable. Minor defects do not impact product performance or compliance; they are often
cosmetic in nature, affecting only product appearance or pharmaceutical elegance.

REGIE Mz, BE EIERNESFICR D U A2 (compliance risk ) (ZHeDW T Y T A5 S 5H(1), &
BRI AT ML, 3ODITN—TEFEHTHHDOTH D, ; B (citical) . K (major) 33 K
VIR (minon) CTdv D, BRI (critical defects) X, & LZDOHEZMHH L=/ 61X, BFICEKRAR
BIIVER (serious adverse reaction) & A UMIFEEE L SHDHKMETHD, ZD7 7 A%, RerD7ELMEEG
g, < @“5 Tbb, BERSOWMAEMIGRO ) X7 WY A7 2o L0 OHEZP@ (REE : 0910
A5 IH (any nonconformity) 73 5 F AV 5 o B K72 K [ (major defects) 13, —HRFIHY 72 B REFE S (temporary impairment)

F 7R, EERITIEPEATREZRYE (medically reversible reaction) . &b 5 W MEEE K72 {’EFH DL Z D MR DM
U\ (aremote probability of a serious adverse reaction) U A 7 &£ 9 %)@VC“&%)O DU 77<)DJ'J FIxFE, ZOHRY
@ﬁyﬂﬁ_é’ LT BRREREE (mpairment) DK & 72 5 REEAFI D B TLHLAICHHEMNT 5, b

WG OMEANTE R R DBEAEZAE TSI (Coxi, Bkl | FLakRo 2 ),
%w&(v4%~ﬁ)ﬁmi\%m®‘%\&5wm:yfﬁ47yxm4yﬂﬁﬁéﬁz&wk
MaCdhbd, ; TROIE, EBUTITAZHE (cosnetic in nature) DHDOTH Y, W DOIELDH 5\ X ERK
i DEFE S (pharmaceutical elegance) IZFET D HDTHD (%),

% 0 GRED) T O —MA9IZ “cosmetic defects” LREENL TN,

For visible particles, particle motion aids in detection. Stationary particles are difficult to detect.
Upon 100% inspection, visible extrinsic and intrinsic particles should be reliably removed. The
test method allows inherent particles to be accepted if the product appearance specification
allows inherent particle types. The size of particles reliably detected (=70% probability of

TR IT4 T, R, TNHA T IARDY FT, FOUIFCEEET 5 ETOSEERTT,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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detection) is generally 150 um or larger (4). This Probability of Detection (POD) is dependent
on the container characteristics (e.g., size, shape, transparency), inspection conditions (lighting
and duration), formulation characteristics (color and clarity), and particle characteristics (size,
shape, color, and density).

AR 7R ok U CiE, R OENE 3R CoIT & 725, @)V VR f~ (stationary particles) (4% HY
NREETH 5, 2EBETIL. TR MR X OWNIRMEORI+ (visible extrinsic and intrinsic particles) 1%
FEHHEZ b > T BRESNDIRNETH D, ZORERITIEIL, & L 5% OB (appearance specification)
DRGSR ORIFDH A THFRL TWDEDOTHIUE, FORTTHREORF+NHFRIND
Lot GRIE  RBRAGEONE) L3228, RFOEEMEL > THRIEESNDIKRES (70%
UL Lo HREE) X, — A2 150 pm UL ETH 5 (4), Z ORISR (Probability of Detection ; POD) 1%,
RarOFrE (FI2IX, RE S, IR, BIE) | BaESRNE (FA47 4 2 7 EBAERFFOR S ; lighting
and duration) . IS X OKIFRiE (K& &, JBIR. B BEIOERE) ITIKFET 5,

The POD at 70% or greater is known as the Reject Zone described in Knapp's methodology
(53,54) which is used worldwide as an industry common practice for rejecting particle defects.
Test sets characterized by repeated inspections, as described in 7.4 Rejection Probability
Determination, are used to “calibrate” the inspection method's POD, inspector performance or
automated inspection systems, and to demonstrate the sensitivity to threshold particle size at the
Reject Zone of >70% POD.

POD % 70%LL =& 3% Z &3, Knapp's D 5157 (Knapp's methodology) (53,54) Tilk <541 T 5% [Reject
Zone| (Rejectzone) & L CEHILILTWA LD TH D, Z D Knapp's DL, K ICBb 5 Ktz
FEHIT DO DER ORI 72 FZERA 72 %5 (industry common practice) & L C, AKX FEH SN TWHH D
To D, “7.4 Rejection Probability Determination” |25 TWDH X 5, BMEHFIEOPOD, B
#EDREJ) (inspector performance) F7/ZIXHEULINTZMRE T AT L% “MRIE (calibrate) ” T 5720
IZ, £ LT [>70% PODJ ® Reject Zone T REDRLF-H A XNk 2 IEEZFEA T 572D, ]
FE S0 IR SRS L o TR SU23BRE » b estsets) 23 S 415,

It should be understood that the limitation of the Reject Zone at 70% detection is that at this size
threshold particles of the same size may routinely be missed or go undetected up to 30% of the
time. These undetected units may contain some amount of threshold sized particles or
sub-visible particles at a lower POD. It is therefore important to characterize any particles
recovered from AQL testing, retention sample inspection and product returned from distribution
to understand how it could have gone undetected originally during the initial 100% in-process
inspection.

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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70%f#% H T? Reject Zone DRFUTIEET RE TH D, T7obb, 2OV A XOME T, FLTYA X
DRLFIEL, ZORFRTO 0% B HFEHICI ALY, HOWVEARBHERD LN ZETHD, =
DA & e o T AT RS X, BEY A DL BEOR 70, LV {KVPOD T, HE TR Z 72\ vkL
f+ (sub-visible particles) & 4 ¢ FIREMEDN & 5, EaLp 2, HIfTaER (AQL testing) . PR1F 1> 7" /LFRAT (retention
sample inspection) 33 X ONTEIEIEFR 2> B DI ik S AU72 845 (product returned from distribution) 7> 5 [BIIX S Fu7=, 40
0] 72 DRI B FHROT 24TV, B DI D THENFRA (initial 100% in-process inspection) HZ ., F AN 72
AR E RN LT L ENEETH D,

5.2 Unique Product and Container Considerations — ($Fk 72800 & BEs~DEE)
LYOPHILIZED PRODUCT (V& BEIRBIHA)

Lyophilized products receive 100% inspection after the freeze-drying step has been completed
and each unit has been sealed. However, the solid, lyophilized cake can mask the presence of
visible particles because they cannot be seen within the solid matrix. The cake surface is visible
during inspection but accounts for only a small fraction of the cake volume. Because of these
challenges in evaluating acceptability, a small sample of units is reconstituted and inspected for
visible particles in addition to the 100% inspection of the cakes for visible particles. Care must
be taken during reconstitution of these samples to avoid contamination that can lead to
false-positive results.

B HR L E X, BRAS R A 7 v THE T L, B HALRE DN B SR 2HRA (100% inspection)
EXTD, LOLRBL, ZOBETEOBRKEEIREZIT > 707 —F GRIE : WRED SR T — 3R L 72 o
vo) 1E, AMRAVKLFOFEZ~ A7 LTLE S, LWHDIE, #5 (BAER) 1ZEEO~ MY v
7 AONBETIERZ VWAL TH D, F—FORMIRE TR Z ENHKLN, TOr—%0
RY 27 AOMS —HHTHHI L EEETHZ L, ZAME (acceptability) A 2EAMIT 2 2 & 238 L -
WIZ, 7 —F O FEAR A DO BEIRAE TN Z T, DO BN % iR L C iRk 2
Do TNHY T NOBEEMT O (ZFVUIEEMERE R (false-positive results) 23 <) ZlET 5 X
IR EATTHZ L,

Sample preparation should be done in a clean environment with appropriate particle-control
measures. Reconstituted samples should be inspected using the same conditions as those for
visible particles. The destructive nature of this test limits the size of the sample; however, the
resultant fluid allows visible particles to be more readily detected. Typical sampling plans for
this type of test can be found in the special sampling plans S-3 and S-4 in ANSI/ASQ Z1.4 (40).

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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The S-plans offer a practical compromise between sample size and statistical power and for
most batch sizes between 3,201 and 150,000 suggest a sample size of 20 with an accept number
of 0 (based on an AQL of 0.65%).

YUV ORENE, WUk TEE SN V=2 FETITY 2 b, IR LT, B
RBELZTIOLRUELZHEH L THRETS 2L, ZORRIIMIERRTHLDOT, 7L
A RNZIFHIER S B, 3 LU G, ZOE UK, sk 2 X kit 2 & %
AL T5, ZOEA TORBOKRFN LY TV 27« 7512, ANSIIAQS Z1.4 @ special
sampling plans S-3and S-4 (40) ICH. 2 Z &N TE D, Z2D SH T ME, o7 NDORE & LHEHY
FaH /7 (statistical power) 0D [ D B3R 72 214 (practical compromise) & 5-% . 2N » T4 A )% 3,201 ~ 150,000
DORNZH DL DNy FITHOWNT,  (0.65%D AQL IZHESX) OEHDFFAEL (accept number) T 20 &
DY TN A XDPRBIND Z LT D,

Alternative plans are acceptable, but care should be taken to examine the UQL of such plans to
assess their sensitivity. Once inspection of these reconstituted samples has been performed, they
may be used for other required testing, such as that for subvisible particles, potency, impurities,
or other specified tests. If particles are detected in this relatively small sample, additional units
may be reconstituted as part of an investigation and to assess the compliance of the entire batch.

WMoY TV 7« 7 bR TH LD, EORELZRIET 72012, £DOL IR
>« 7°F 3 UQL (Unacceptable Quality Level ; fR¥E : %53 2 Hffi i A01) Z i X H LD L O ICRET RE T
bbH, TNOOFEMEIToTo v T VOREEZ —T-OMMT-> T LE X, WIRTIERZZ2WERLT
(subvisible particles) . JI{ifi (potency) . AHl4D (impurities) . & 5 W ITOFHIALRER L Vo 7 B A LIS
WHEATHZENTELTHAH, & LIDX I ROV 7L TR0 i S 72
HIE, HEO—E L LT, BLOUN Y FREDIEE AN (compliance) Z A TE (assess) T D 72O, 1B
MOBNREGRZ LV, BEEZIToTH XV,

POWDER PRODUCT (¥ysREL4)

Sterile powders are difficult to inspect for particles due to powder flow and the occlusion of
white or light-colored particles by the drug product itself. Sterile powders should be
reconstituted and inspected for visible foreign particles using an approach similar to that for
lyophilized products, as discussed above.

BREOMKRIL, MEOHRAOIZDIZ, £ LT, BERLZNVBAENS, AfH D VITENTER DN
BIT (light-colored particles) T H 722, KL FEBRETH I ENRETH 5, MR O IRIE, Bl TR

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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L& s, WRSBRREOZNER L ST 7 u—F 2T, AHEIZRARMESRY) £
ERCE

EMULSION AND SUSPENSION PRODUCT (=¥ 3 U8 X ORRERLIA)

The manufacturer may allow inherent particles if the product is an emulsion or suspension. For
suspension products, a test dissolving the suspension or disruption of the emulsion that provides
for extrinsic and intrinsic particle detection is also recommended as part of destructive
supplemental testing of a small sample as described above for lyophilized products.

HUEERITL L, FOFFIN </ 3 > (emulsion) & D WITIRIENL (suspension) T D72 51X,
RUT7 HRKLFIFFFR S D, bl U 72 B HZ AN OW Tl 72 L A U & 91T, ARRMERL 736 &
ONNIRITE DL - (extrinsic and intrinsic particle) D4R H &35 72 D12, DD 2 7V ORI 72 4 B R D
—# e LT, BERAN S L TR, EOMEME LN TRERS, v Y a I LTL £ D
IRAE A ET (disruption) FRERNHELE XD,

AMBER CONTAINERS (188 R5%)

Inspecting amber containers is challenging because selected elements have been added to mask
UV light penetration into the Type I glass container. Light transmission is blocked below 500
nm, and thus increased light intensity (e.g., 8,000-10,000 lux) may be required to observe
visible particles during inspection. Directional lighting from behind the container may also be
beneficial. At the extreme, filled solution in practically opaque containers may be audited via
sampling and transfer to clear, clean containers.

BORMERET D2 L%, WEEELEY, LW o DX, Type l DH T AEEE~D UV o~ 27 L
WO BOERNMO 5026 Th D, JeddiEid, 500nm L FRT 1y 7 Si, £ 2 i Tl
AR 2 M3 2 7212, HRE AR (%1 8,000-10,000 lux) S5 Z &ERMEEER 5,
KERDOE D OFRFMERRBA (directional lighting) 723F FH Tdb 5, Wi D FHITldLd 205, EBR EAEH
7R85 (opaque containers) (ZFEHE SNT-KIL. VoV L, BIATY U — U RREIIBETE VD
FNEAERE T, REZIT->TH LV,

TRANSLUCENT PLASTIC CONTAINERS (BHZ S 2 F v 7 K3R)

Plastic or translucent containers are chosen for break resistance or other properties that glass
cannot offer, such as injection molding into shapes that minimize hold-up volume or for use in a

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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combination product. Plastic containers may have optical properties that require significantly
more light (e.g., 8,000-10,000 lux) to illuminate any visible particles against black and white
backgrounds. Directional lighting from behind the container may also be beneficial.

7T ATy 7 BWE T ITEEY ORZRL, BHR I D HHTNE (break resistance) & 2 VM, PRIFZA B (hold-up
volume) % fie/MET 2 TEARITHF AT Ginjection molding) % L7, v B —Y a7y s hOfEH
D&, HFATIIEHRTRETIIRVEEDOEDICRIRENL TS, 77 2AF v 7 ERIT. Be
EHEDONy 7 7T RIZH LT, AR T2 BT 572012, 2720 K& 726 (e.g., 8,000~
10,000 lux) Z ML+ 2 HEMMEEZ Lo TWVDHTH A H, BEsDER NS OFREMEM (directional
lighting & E7=HEETH D,

LARGE-VOLUME CONTAINERS (REERR)

Large-volume containers (>100 mL) may require additional time to complete a thorough
inspection. For flexible bags, the semi-transparent nature of the PVC film used to manufacture
these containers may require the use of additional light intensity to enhance the visibility of
particles. Directional lighting from behind the container may also be beneficial.

REBORZ (>100mL) 1%, F972MR4A (thorough inspection) 21T 9 (13, JBINAIZRKFHE 2 L2 &%
ThAH9, ZbF T TNy 7\20E, TORGEHET DD IND PVC 7 4 b AD b0}
B DRHEIL, R DR (isibility) Z D D 72D, AINBY72 Y (additional light intensity) & & 72
B L 70 A9 FEsDOE MmN L OFEFMEMA (directional lighting) & F 72 G TH D,

COMBINATION PRODUCTS (v bEx—a VEE)

When inspecting the unlabeled primary drug container for a combination product, the inspection
considerations should be the same as those specified for a conventional drug product in a vial or
syringe. This inspection should be performed before assembly into the device. Where there are
critical attributes that are only visible after assembly (such as alignment with a fill-level
window), a second inspection after assembly may also be required.

aAER—V gy s T T NOT VIO —REHIBEROMRE L T DRHL, T OMAEICKT
HEBERIEL, SATAERIEIT T PORERDOERBIZH L THEENTVWEHDO LR L & T
XThD, ZOREILX. TDOT 43, ZAOFMBSETEATIANFEITRETH D, MIMZICHED
BB AT O B (FEL LD A FTIZASD TWAENOMERD K 9 72 ; such as alignment with a
fil-level window) S5 A 1213, MR D IR S LM ERDLTHA I,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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6. INSPECTION METHODS AND TECHNOLOGIES (k)7 & £9fr)
6.1 Manual Visual Inspection (b MZ X 2 B ; MVI)

Manual visual inspection (MVI1) is the reference inspection method described in all of the major
pharmacopeias (55,56). It consists of viewing filled and sealed containers under controlled
conditions. This process may be aided by the use of a tool to allow consistent examination of
more than one container at a time. The quality decision, to either accept or reject the container,
is made by a trained person. Inspection is a probabilistic process, and detection rates <100% are
to be expected, especially for smaller or low-contrast defects.

NI XD BHEFRAS (manual visual inspection ; MVI) &, EEZREFHFOETIZIBRLILTWHEEARE L 72 D0
A 715 (reference inspection method) T d> % (55,56), CAUL, HHINT-FKMEO T T, I, DOEE
SNTRBERDZEDDRoTND, ZO7 R ALFRI 1 DL EORERE — & L7 IRE TR
BT HIEEARICT DY —VEHEATLZEICED, R E T2 Rk THA I,
KRR T D0REIET 200 L OMERRIEIR, JIMSNBEIC L > Thaihvd, BmAITHESR
e 7 mE A THY | R, NI KMaD DW= b T A R ORWKEGETIL, 100% A0 O H %
DTEIND,

CRITICAL PROCESS PARAMETERS INMVI  (MVI TOEERTE/NT A —F)

Light intensity (Ot3REE) -

The results of the manual inspection process are influenced by the intensity of the light in
the inspection zone. In general, increasing the intensity of the light that illuminates the
container being inspected will improve inspection performance; (790) recommends light
levels NLT 2,000-3,750 lux at the point of inspection for routine inspection of clear glass
containers. Special attention should be given to assure that inspection is not performed
below the lower limit of 2,000 lux. Increased light levels are recommended for plastic
containers or those made from amber glass. Under these circumstances, light levels as high
as 10,000 lux may prove beneficial. The final inspection condition will depend on measured
performance.

bt MCLABET o ZAORRIL, BEY — L ONOREIZ L > THELZITS, —KRIZ, #
HTETOHRMGEROTHOBENRKE iU, AT HIHESIL. BEEENUEIND, ;
chapter <790> %, 7 ABRIRO B FHHIRMRAITKR LT, BAFEFT T 2000-3750 lux DL DY

BUCELT, B, BB, TS A T I AR Y T, FOULFOCE AT 5 LTOBERRTT,
RAMHIT 5 VB & BB BRI, BTRSICESO T > TFE W,
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ZOLEIFUSP OF /) 7T 7OWERTT, mMEMNRNFITRAO SUP I XY TiERE T,
TR~V AHELEL T %, 2,000 lux O FIREZ TEID T CREZIT O 2 & ORIEZIX, Fhl7Z
HEERLETHD, 7T AT v 7 8RGRG D WVIFEE AT 7 A (amber glass) TO< LA ARRIC
RUTIHE, BTV L~ DBHESRE SN 5, & Ze A St i, WIE 217 - 72 EREITIKA T
THHLDOERAD,

Light should be diffuse and even across the inspection zone, and it is a good practice to
clearly identify this zone within the inspection station where the intensity meets the required
levels. Fluorescent lamps have often been used as the light source for inspection. When
fluorescent lamps are used, high-frequency ballasts are recommended to reduce visible
flicker (and associated inspector fatigue). Incandescent lamps have also been used
successfully for this purpose, but they generate significant heat during use. Light-emitting
diodes (LED) offer an energy efficient, stable source of light without the added heat of
incandescent lamps.

JETERL L, RE Y — BV TEZBIEN > TT THA H, TN T, G s L0 [HRE
AT—=var] NOZOY = ZWECRET D2 ZENRRWHETH D, 2OV — 0%, HE
EERINDLNVNIEBSEDZERMETHD, MEOTZOHORE LT, LiIXLITEN
ST (fluorescent lamps) 23MFEH LTV D, dIEATZHEH L7=HE 1%, /IHAI7ZR B0 (visible flicker) (35
FOEET 2 MEEOBERK) 2 S 572912, high-frequency ballasts GREERBI. BlBEL 1 5
v DHERES TV D, HEVET (incandescent lamps) b Z D HIJIZE -T2 b D TH DA, HHF
(2720 DBGINIEET D, FEICH A A — | (light emitting diodes ; LED) |&, HET TOENMD S Z
LB, TRVF=RROR, ZELTNFETH D,

Light intensity in each inspection station should be measured periodically to ensure
continued compliance within the specified range. The frequency of monitoring should be
based on historical experience with the type of light source in use. A lower light-intensity
action limit should be established to trigger corrective action before inspection is performed
below the lower limit of the range.

BERAAT — a BT D (ightintensity) 15, BLE SNVZ&FHNICH D &) Z L, il
A7 MRS 2 RAET D 7201, EHIAICIET D 2 & =4 U v 7 OREIE, EHKON
VDX A 7T EDREER (historical experience) (ZHD< Z &, MRANBIE SNTEH 5 VI XEH
DT T/ s L5 RFENAE U DN, JIRED TRIOYEEE (lower light-intensity action limit) 2
VLT, £ha TRIEZEI S Z L ORIEHED Y T— (Bl1&44) LIETHD,

Background and contrast (&t a> FTF R B)

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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Contrast between the defect of interest and the surrounding background is required for
detection, and increased contrast improves detection. The use of both black and white
backgrounds is described in (790), as well as other global pharmacopeias. The use of both
backgrounds provides good contrast for a wide range of particulate and container defects,
which can be light or dark in appearance.

xtG & 95 KM (defect of interest) & JEFHD /N 7 775 > R (surrounding background) D=2 hF A |
NHDZ LT, MEOEDICKLETHY, 2 FTAMERELTEHZ LI, BHEZLGET
5, BEBIOHBOWFOEONNy 7 7Z > REFEHT25 2 1%, USP chapter <790>(Zik~
bNTEY., o7 a— " VRRHBEERTH D, MDDy 7 7T Reffld 52 &
X, JRWEIFHORL - & FERAMEICK L TR e T A MERMT 250 THY . T
MF % light s<) L7720, dark (<) L7095 Z EnHisks,

Inspection rate (MREHEE) :

Sufficient time must be provided to allow for thorough inspection of each container;
chapter (790) specifies a reference time of 10 s/container (5 s each against both black and
white backgrounds). Larger or more complex containers may require additional time for
inspecting all attributes. Increased time may facilitate detection of defects near the threshold
of detection, but studies by Wolfe, et al. (57,58) suggest that there are diminishing gains
with increasing inspection time. Time spent per container may be controlled through the use
of a pacing device such as a light or tone, or these may be used during training only, much
as a musician uses a metronome during practice to learn the tempo of a musical piece for
later performance.

R DT REEAREE T 5720, Ho7effl % & biaid7e 5720, ; Chapter <790>(%, 1
Kand12 0 10 EOEERE (BEADANY 7 OE LI LTESPH) 2HEL TS, K
BORmR, X0 EMRRRIT. ECORMEELRET 272012, MBI NGBEL 7259,
H#F'ﬁ%ﬁ:t T2 &iE, BREOBEL OROBEEZES T 5 THAH D25, Wolfe etal. (25

%t (57,58) 1%, MAERFHEIAIEDD L HLIZ, 2D Gt : hEEESICTE) Lo 20w b)) IZTHX
TITK ZEAREL TS, 1A STDICESCTRFILZ, X DWET h—r DX 572 pacing
device (i : ~—zEspAOME?) OERZEL THETE2THA S, HDHWIE, FNALITEL
Z 05, later performance Grzsrm) O musical piece GrR#EAH) DT L RZFITEDHT-DIT, TDOHE
HHIZA ha / —2 (metronome) ZEHT 25 L0 Fpndb s Loz, P os, ZhafH
TEHLIEHLTED,

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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Recording the time spent inspecting each batch and then calculating a nominal inspection
rate is a good way to confirm that the rate of inspection was within established limits.
Correction can be made for non-inspection activities performed during this time by the
inspectors to better document the nominal inspection rate.

K\ FOREICFEE 2508k L, DUV T4 HARAIEE (nominal inspection rate) & 5 HI 95 Z L 1d,
BOREZENL SNTRELNTH DL Z L E2ENDDLIRNVHFIETHDL, L HRERELZ IV R
I SCEAT HI2IE, AR Z L2, 2 OREFITIT O T D IEMANESE (non-inspection activities :
R B2 ERAEGOERE ST 5 L5 efis) THIEZMZ D Z LN TE D,

Container handling and movement:
When observing objects, the human eye is very sensitive to movement. Good techniques for
manual inspection include a careful swirl or inversion of the liquid product within the
container. This rinses any particles from the upper inner surfaces of the container and the
closure and puts them into motion. A technique that minimizes the introduction of air
bubbles is important, as air bubbles can appear as particles and interfere with detection of
offending particles.

%%%ﬁ%#é&% AOBIFEhE I L CHEFICEETH D, AOBHICLDREDTZODR
727 7 = 7121%, SN ORI OEBEIROEER (swir) & 5 VMIFIST (nversion) 2378 £ 4L
%, T, *“@W%@Lﬁ BLORHROR 728852 L2720, 2ivn GRIE:
MHHTLS A00h LVRWRL 1) ICEE A 5252 812 d, [IBDAD Z & ER/NNRIZT S
HMIEETH D, EWVIHIDIE, KIBITHFDOLIICRLZ, BYOBMHICEEL 52 56T
Hb,

A tool that holds multiple containers for consistent presentation can be useful when
performing inspection. Holding many containers by hand at once should be avoided, as it is
difficult to obtain a complete view of all container surfaces and contents. Container motion
is also helpful for identifying small container defects such as cracks or chips.

—BMEDH DR/ (consistent presentation) D72 DI, I DRI ERFFT 2B E (tool) 23, BMEZT

IGEICAENRbD LD, FIT JZO“C—r 2, ZLORWMEFHOZ LITITHRE TS, &
WO DIE, BTORMORMENEWZTRIZHD Z ENREHIEN S Th D, Ranc®nd
& (container motion) 1%, 7 7 > 7 (cracks) & D VMEKRIT (chips) DX 9 72/ NS e BRESKIMBE R ET D
ko Lns,

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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Magnification:
Some inspection processes use a large magnifier to increase image size and thus increase
the probability of detecting and rejecting containers with defects near the threshold of
detection. Although magnification can be useful for critical examination of a portion of the
container, it does not often lead to increased overall detection rates for defects of interest.
This may be due, in part, to the added eye strain that often results from use of magnification.
As such, it is not recommended as part of the reference inspection method described
in (790) or in other global pharmacopeias (55,56). Although not recommended for use
during routine inspections, magnification can be helpful for critical examination of a small
number of units, as may be needed during an investigation.

KOPDBET B EAL, A A—UV A XEHREIEDH7-012, KIEOPEKEE (large magnifier) %
T 5, TS XD | B OB O R Z RO ROt K OBEEOHERNERT 5,
PERIZHARD B D05y DJf B /2R A (critical examination) ([ZAH 72 D TH DN, < DA, X4
&3 DR (defects of interest) (2B L TORRAYZR KR ZR (overall detection rates) DG K2 H < & DTl
2RV, ZAUTZE DRI DR, FERDOEE D BT D AN 72 ARNEIE TS (added eye strain) (2 &5 & D
T D ATREMEN EVY, F D72, USP chapter <790>X°, fihod 7 v — L2385 5 (55,56) (250
WESNTWLEERAEO L LIRS TW Ry, BERE COMATHREI L TY
TR PERIE, D ELD BRI AR D B 72 SR AT (critical examination) CIIA M2 b D &9 T &3 H
Ko, EEFIDIE, HEDT-OIZITIERN LI L R D AIREEDN S 5,

INSPECTOR FATIGUE AND ERGONOMIC CONSIDERATIONS
BREROEN L, ARTENEER)

Inspecting for extended periods of time can cause inspector fatigue and a decrease in inspection
performance. Based on industry experience (43), it is recommended that inspectors be given a
break from performing inspection at least every hour. This break should allow time to rest the
eyes and mind, and may be achieved with a short rest (e.g., 5 min) or a longer meal break. This
need for regular breaks may also be met through rotation to a non-inspection function, such as
material handling or documentation.

REE] 2 IR S THRET S 2 L3, MEBOERTORK E 2D | BREDMHRE (performance) # F1F 5 Z
LT, ERTORER 43) IZESTIX AR, 272 T 1B LA 7252605
ZENHERIND, ZOT LA ZEEIX, BEOLOEKRD DA REEE T2 H DT, ZAUTEVMK
G (Ghortrest ; 121X, 5min), &2AWIE D EVWEIRZ (longer meal break) TEEKTEXHTHAH, Z
DEMIILT LA 7 (regular breaks) DML, KA G50 DEAR VN (material handling) & % M FLEk

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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DFELHL (documentation) D X 9 72, FRA LI OFEEE (non-inspection function) | ZXf9 5+ 7ema—7— 9
CHAESEL LI RbDOE L TR,

Inspection stations should be designed and operated in a manner that minimizes the inspector's
risk of repetitive-motion injury. Adjustable chairs and careful positioning of light sources as
well as incoming and inspected product can reduce the risk of such injury. These adjustments
can also reduce inspector fatigue and discomfort, both of which can be distracting and thus can
decrease performance.

RAEAT —3 3 3 MEBOKEIFIC LD G Hikmze) FEE (repetitive-motion injury) 4 He/MET 5
EOIZRE L, D o#E T RETHDH, Ao TL AL IOREFRLIZILLAADZ & Gl
AIRB 72 AR 10, PR O TEBIRWLEFAEE (positioning) 1%, T DX 2 RIEFEDIHA D A7 Wb IH 5
ZENTE D, ZOLHRPHEITE-. BREAEB O & AP (fatigue and discomfort) $ F 72 HR I < 1 5
ZENHEED, EOMEITOEIN GRiE : fatigue 3 L discomfort) 1L, BEBICAREEZEZDH5HDTHD .,
TP ZREMER AL SHETLEI DO TH D,

The inspection room environment should also be considered. Temperature and humidity should
be controlled for inspector comfort. Reduced ambient lighting is recommended to focus the
inspection process and to reduce distraction from extraneous reflections. Special care should be
given to inspection rooms with exterior windows that allow daylight into the room and thus
changing ambient lighting throughout the day and with changing seasons.

MAEZEORE G E-BETRETHD, REBIONEEIL, REBNPGEE 702 X2 IZHl#EE 35
2l AT ERIKFELEETESEDL 2 LR, M BIGIT K DU (extraneous reflections) (2 K %
FEEHGE (distraction) Z I 5372012, JEPHORRIIZIKDIZT D (reduced ambient lighting) = & 2SHELE X
TN, MRAEEIZHE (exterior windows) Z 1T D Z EITFFICIEEDZMLETH D, ZHUE, ZTOHEIC
HYMNMADZEEZFHFLTLEI DL THY, ZHNUTELST—HOHRT, HOWVIEFHNEDLDH T &
W2, EEOHAL SN EDL>TLEINLLTH D,

6.2 Semi-Automated Visual Inspection (3}~ B #h B fiki )

Semi-automated visual inspection combines automated material handling of the containers to be
inspected with human vision and judgment to make the decision to accept or reject. These
systems often use a conveyor equipped with rollers to transport the containers in front of the
inspector inside an inspection booth or station. For inspection of liquids, the booth can be

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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equipped with a high-speed spin station to set particles in motion. The rollers are also used to
slowly rotate the containers in front of the inspector as they traverse the inspection zone.

F-HEHD HIERMRA (semi-automated visual inspection) 1L, AT DR HEL I NIz RY 7 & 5 -
AEHITE  (accept-or-reject decision) %325 72D N OFLR & HIBT (vision and judgment) ZFHA GO H D
Thd, TNUHOVATAIUZ LR, RET —RAEIFAT—Y 3 VORI, REEORNIE

WEMET D —F =& HAT- 2 _NY =2 LTV D, BEOBREDLE, 7 — ATHTIZH)
EH 52 57-DIT (1o set particles in motion) . B D A B AT —3 3 I (high-speed spin station) % {ii . DA
Wb, n—7—FE7, BMEY - 21T&kT 5 L, MEAOHIH CRAGZ =2y 7 U Lalis
SELD C’Mﬁﬁﬁ Shb,

These systems offer a means to control the presentation of the vials and can offer additional
lighting options, such as Tyndall lighting, which may enhance the appearance of some defects
such as cracks or small particles. Mirrors may also be used to provide a clear view of the top and
bottom of each container. Rejected units may be removed from the rollers by hand, and some
systems are equipped with a remote rejection system that can be triggered by the inspector. Care
should be taken in the qualification and operation of these systems to ensure full rotation of vials
in the inspection zone; this allows examination of all surfaces.

FNHD Y AT KEINA T IVOIEIR (presentation) (2B L COEED Hika 52 5 L3z, Fo 2L
BH (Tyndall lighting ; %) DX IR TAT 4 7T OB A T a b 5252 ERHKks, Z0F v
HNVEINE, 7T v 7 HDWIINEORLAD L D 72850 O KIEIZES L COFIEDTER (appearance)
ZEDLEDTHDH, HERD L& T O OWMEREBR view %5 2 272HOIZ, $ (mirors) b £ 72
@E)ﬂﬁ‘é RS, RES & ST (rejected units) 1X. FIZ X > Tr—F =05 HD [RH

o HONPDIYAT AT, MAAN MY AT— (Bl&&) 20K 2 LDTE DEMADOPEFRT 2
TA?E{)**KTD\% BRAEY — 2 T T N+ BET 5 2 & ZIRAET D720, TILbDT R
T DO MEREAN (qualification) & JEHA (operation) |[ZIFE DM ETH D, ; iU, ETCORFEOMEL
MEEETLHHEDOTH D,

* 0 (GRE) SEOBERBREDORE SOMRLFAFE L TODEHAMEIOEE RN LT N B /1D &, 2otk
FIC R o TP BELE A, HOBERRE > TRRDBIG, 1T U XM Lo THIO TR S iz, @ DO
METIIRRARWVE D KL T, MO EAE TTHEIOBIIIT S Z LIk ol E LTRAD &S
W LB EMEE IS, ZnaRALZbD0TH D, (Y MER)

RIS, M, T A TIARDY T, RIFELEBET 5 ECTCOBRBER T,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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In addition, studies should be conducted to ensure the detection of heavy particles, which may
not be lifted from the bottom of the container, and to ensure that the rate of inspection produces
an acceptable detection rate for defects of interest.

W2, BE/ZVVRLT (heavy particles) DRH A RIET 272010, HEZITIRNETH S, L, EE-W
KIFDHBOENHHNRNZ & BROZOREOHER, MR LT DRMOFET DHitHE
HEULABEEREL D EEHRIETH2OTH D,

With semi-automated visual inspection, performance is similar to that with MVI. Some increase
in throughput may be achieved because the inspector spends all of the available time viewing
the containers, rather than splitting the time between inspection and material handling.

FHEIO BB TIX, FOMEREIX MVI (Mo k2 BfisE) CTOZNLEFRU &5, AFRE (throughput)
DY OEEINH 12 mfséf%%ookwomi RAEBIIRE &€ OB ORIZRERE] 2 F <
b, FIFREREEMAZ, BE RAERIC, £ TE200n) ZENHEERINLTHD

CRITICAL PROCESS PARAMETERS FROM SEMI-AUTOMATED INSPECTION
CLEBEHERECTOEE S A /NT X —)

Light intensity must be controlled, as with MVI. The rate of inspection is controlled by the
speed of the roller/conveyor. Spin speed for liquid products and rotation rate for all containers
should be established during validation/qualification and maintained within the validated range
for routine inspection. The background color is controlled by the color of the rollers selected and
the color of the background seen through the spaces between the rollers. Qualification of
inspectors and validation of the inspection equipment should be based on comparison with the
compendial manual inspection process with an expectation that alternative methods such as
semi-automated inspection demonstrate equivalent or better performance.

JEEE (lightintensity) (X, MVI (Mc k2 B & RERIC, SIEHALETH D, MEEREIZ, v —F—/
N R AR =D Lo THIE S LD, IERBO A EHE, BLOERTORGBICHT D
0—7—a VHER, N T —v g MR OB CHESL L, HEREICOWTEIANY T
— FSNTHHERNICHER T2 2 &, TROAIE, BELLr—F—0@AE L, B —F—DROZEM )
5RZ 5 Fiofﬁ@%?é A B OB ITHE & . MARKIRONY F—r 3 UiE, A
IR DO L 5 2 RRES, R EOMWREZ AT 2 2 L OlIfF A2 Lo T, AEENHO AL D
i TF2E (compendial manual inspection process) & D FLERIZEE-D L Z &

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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6.3 Automated Visual Inspection

Automated visual inspection (AVI) combines automated material handling of the containers
with electronic sensing of product appearance. Containers that do not meet pre-programmed
acceptance criteria are automatically rejected by the machine. Early machines performed
inspection for particles and fill level, but manual or semi-automated inspection was required for
the container and closure system. Newer models have the capability to inspect all attributes of
the containers, along with the contents. As with MV, machines often spin the containers to set
particles in motion and make them easier to detect. Multiple cameras are used to image various
regions on the container in great detail.

HE) B EARE (AVD) (X, BAAEBOEBE IR v 7L BROBBIRNR~T N ok
EHAEDETZLDOTHS, TOT a7 T MIMAAENTFTFRABEEICASE LW AT, 2
DRI K> THBIWNCHEBR 412, BIFE WIS OFEIR (early machines) (%, K+ & FedE & L ~UL (il
level) (ZDOWTCDOREEIToT2, ZTORE < #2 (PAZE) * A7 A (container and closure system) &, ~ ==
TV DHTEHBOMEBENLETH T2, HT-RETNLVOBREKIT. TONEY LI, KD
ETORMERETZ DN ZFF> TV D, MVI ok RGkE) EFITC L DI2, TOMREKIT, B
WTWARLTZ DT, M ERSICT HDICR e HBEICAY T 5, FEEEDT AT HMEH
TRV, great detail GRix:: HFEAW, JEFICEMC ?) CREFOERE X 7RI E A A — (image) (LT 5,

Each camera is coupled with unique lighting to highlight specific defects in the region of interest.
Light-field and dark-field lighting techniques offer the same benefits as white and black
backgrounds as discussed above, offering contrast for a full range of light- and dark-colored
defects. A defect found by any camera is tracked through the machine to allow accurate ejection
by the reject system. These machines also offers detailed reporting of defects observed in a
specific production lot.

BH AT KRG LT DXIRD G D5FED R Z RS DI O OMEFR T AT 4 T EHAHZ TN D,
BAAREF 35 2 ORS4LBF FE BA H2 11 (light-field and dark-field lighting techniques)lX, UIE LIE, ERICEB L7-A Y
JREORENR Yy VEFERURERT 4y b (@) #5250 THY, HH AN, HDHVIIHE
SEDNWTEAWEFHOKRMEIZH L Tary NTANEEZDHDTHDL, HHN AT THRHINTEX
MalX., BEBRS AT 22 X B IEREZSELY H U (accurate ejection) Z AIREE 9 A 72012, FOBEMZ > T
WD RIEBEEE Gstracked) XS5, ZNHOMITE, HD4EMD v MIBWTBZ S KBD
PR e A fREE T E D,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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AV offers advantages in the areas of throughput and consistency, compared with MV1 (4). AVI
may also offer enhanced sensitivity for some defects, compared with MVI, but may suffer from
higher false rejection rates due to the inability to tolerate normal variation in containers or
product. This is especially true for molded glass containers and flexible bags.

AVI (ash R (X, MVI (Mcx 2 Bm#) &L T, HRE (hroughpuy & TEHME (consistency) DT
T, FEE5Z2ZTW5H@), AVIIZE-, MVI LG LT, oD KKK DIE ZED b
HTCTHAI, LhL, BadD WIS OEEOLEEZTET D2 EORENZRT-/RWZHIZ, &
UMEEBESR (nigher false rejection rates) (Z HIME SNDTHAH D, ZHUTFFICHREE (%) BT L FHv
TV e N7 (flexiblebags) CEH XD ETHD,

ko GRIE) N TALAOREFEZ. KE<IF2o9HY ., FNENORYEFENLRE LD %
FnEh TWREGHE) & TR LRSS,

Validation of the automated inspection equipment should be based on comparison with the
compendial manual inspection process with an expectation that alternative inspection methods
demonstrate equivalent or better performance.

HEMRE AR ONY 7 — 3 Ui, 2O &5 efRFER, %L EOMRBZ T 5 2 & O HfF
Lo T, AEEWFHD AT L B2 T (compendial manual inspection process) & D LBERIZEES L Z &)

LIGHT-OBSCURATION METHODS  (t3if#kik)

Some systems use an optical sensor to detect the shadow of particles in solution products. This
method requires particles to be in motion, typically using a high-speed spin and rapid braking of
the container to achieve this motion. Spin conditions must be optimized to provide sensitivity
for heavier particles while minimizing false rejections due to bubbles. Some biological products
experience shear-induced agglomeration, so care should be taken with regard to agitation of
these products.

BONOYAT M, BT ORF DR ERIT S0 =ML T, 20
TFIEE, FiFREIWTWA Z ENNETH D, —IRAIIZ, EEA YL (highspeedspin) & ZOEJE T
Bl U 72 B2 OS0E T E) (rapid braking) Z T2 (k) , A B ST, KAl J:%)uxxof_T A (false
rejections) & fix/IMET DDA BT KV EHAE WKL FICT2WT 2 EE LS55 L 90 IZREE LR TR
26720, H MDA FIRLEIE, F AW 3555 & 72 D 8E8E (shear-induced agglomeration) 73 2R &
nNTEY, Tz, TNOAEYFANREOREICE L THEERSLETH D,

TR IT4 T, R, TNHA T IARDY FT, FOUIFCEEET 5 ETOSEERTT,
T 7l o 2 WX TEN A & DA SAICIE, BT RIS E SN T T2 TR,
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* o GRE) ARG zEECEESES &, Ao L0 TRRKOK T 133 2824 <, ki
ZORGELAHB ST D & EEEEONRIKIZTRERT 5, BRI ORHIZ, 20 2 SOREBOWEIEDE
ELTIRAD ZENRHKRD,

Light obscuration methods are optimized for sensitivity to moving particles, and can thus be
made less sensitive to minor container imperfections. This technique can be used with both
tubing and molded containers. Results are generally robust in detecting particles that are 100 um
in diameter and larger.

YBEWEI X, R A2 BT 2 & TRYE & il L. Z3UZ L > THEFD KB (container imperfections) % F
IMET B EDIT, EVELSREZFECE S, ZoHIME, WEELSB L OERIRIEOMm 125 L
THEHATE 5, TOMEIT, —ME9IZ, B 100 1 m LA EORLF O IS HEEEMER 8 5,

These systems can also detect fill height by detecting the shadow of the solution meniscus.
Generally, this process is not sensitive enough to ensure compliance with dose or fill-weight
specifications, but it can provide a secondary check of gross fill. Sensitivity is a function of the
container shape, with greater sensitivity achieved in small-diameter containers.

IINHDYVAT AiE, NERD A = AT A (meniscus) DiZ a3 2 2 & T, BEEOES S 2T
HZEHMKD, —MIIC, ZoFrER L, FRHEEEOBHE (fill-weight specifications) (DT & {RGET
BITNE TR 24 L TR NS FRFEIE R (gross fill) D _IRAY72F = 7 (secondary check) % fifik
TE 5, BETEGROBROEEK L2, ROBEITEED/ NSRRI TERIND,

IMAGING METHODS  (Ej{gfiEtrik)

Continuing advances in camera technology now allow the rapid capture of high-resolution
images for inspection. When coupled with high-speed processors that have ever-increasing
computational capability, a powerful inspection tool can result. Images are divided into
inspection windows, and an array of tools such as image subtraction, pixel counting, intensity
analysis, and others are used to assess the images against programmed quality attributes.
Significant amounts of time are required to train inspectors to test the performance of such
systems against a range of known defects, as well as acceptable containers.

H AT HAfr o 2 72 DEEAN L, BE, AR L COE O fRMIE (high-resolution images) 0D 8 i D HE
(rapid capture) % FAJREIC L TV D, I B 2— X DRESIM KT 5~ HFTH DN, TOHEFERET & F-o

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,



USP Pharmacopoeia Forum,41(6) (Nov. Dec., 2015) In-Process Revision: I_. S - -
<1790> VISUAL INSPECTION OF INJECTIONS, Page 57 of 76 pages ife dcientia

ZOXEIFUSP OE /) 77 7 DWRERTT, FMEHRNEITREH O SUP IZ XV THEGRA F W,

TWADEEZ 2 v % — (high-speed processors) & RHAGHOED Z EIZL D, BOBBEY — LV E2HGLH 2
ERHED, BT T A > K (inspection windows) (Z/0E] XU, H{E DI (image subtraction) ,
B ILDHI T (pixel counting) . FREE/IT (intensity analysis) 38 LN, FDOMD L DY — R, Fa s
T A ST ABE RIS LT, BB ORI S D, MG EAEICH O 4 (acceptable containers) 1
LHEAMD & JRWVFEIPHDORER ORI LT, ZORRR Y AT AOMREZHRBRT 272012, B
TEZIFET H121E, 23720 ORFRNLE L 725,

Imaging systems can detect particles and fill level, as well as other container and closure
attributes. Inspection in this manner can provide 100% inspection of all visual attributes. These
systems can offer high sensitivity, but may also have high false-rejection rates if container and
product attributes are not tightly controlled.

HR AT ML, MOBRBBLOROFEZLHAADZ & RFORE L~V BT 5 2 &R
Hk2, ZOHFETOREIT, 2 TOHBRPIRHED 2ERE (100% inspection) % 525 Z L MK D,
ZNHDYVAT MIBWVEEZFFOZ ERHKD R, b LA & BMARHEDS B ICE S T
WO THIUE, o2 E (false-rejection rates) DENEH E/-mEmL D THAH 9,

OTHER TECHNOLOGIES

Container—closure integrity can also be assessed using non-visual methods such as electrical
conductivity and capacitance, vacuum decay, or mass extraction, for example (59). Laser-based
gas headspace analysis can also be used if there is a modified headspace such as vacuum or inert
gas. Generally, such nondestructive container-integrity inspection methods offer greater
sensitivity than visual detection with the potential to reduce false rejection of acceptable product.
See Sterile Product Packaging—Integrity Evaluation (1207) for further information regarding
package integrity testing by these and other test methods.

Rt b o, HlaiX, BEXUREE & FFERE (electrical conductivity and capacitance, vacuum decay) Tl
KT (vacuumdecay : % 1) « & D W IWVEIRH (mass extraction: %2) D K 9 72 HARLIA O J51E %4 L CREAf
THZENTEDL (59) . L. BEZEDHDWIIARTEMN A (vacuum or inert gas) DERZRLZE LTz ~> KA
A= (ke N D78 51X, laser-based gas headspace analysis (L4 —ic k3~ K x~2— 2 D& ADSHTE)
bEMEHAT LI ENTED, KIS, TO LD RIFERN R ARTEAMERAEIL, FFESn ol
A RRS CATES & T2 (false rejection of acceptable product) = & Z 8 &2 AIREMEIC W CiE, BRI K
HREHED EEWEREEZ G 25, TILHIZ K 5 EEEFELMFER (package integrity testing) & TN DAL DFK
B 5 B L C o 722 S ¥ 1X, Sterile Product Packaging—Integrity Evaluation (1207) % £ X iu7=u>,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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*1 0 GRIE) WIS T 28GRI AATH 5, HRAREFE LNy ricni, BEL THET D, #R
Baw DEEMENET T, WEOKUARIRILH L T, Xy B VNOBIEEN 252 &2 R5MBRTH

N

o

*2. GRIE) WENRNZTEZFHMEL T, Y= A ARARZRET I HEL BN S, TROYA ~i bR
BFWaEF v n—RT&E D,

http://www.pubfacts.com/detail/23035025/Mass-extraction-container-closure-integrity-physical-testing-method-de

velopment-for-parenteral-conta

X-ray imaging has also been explored as a means to detect particles within freeze-dried cakes,
powders, or suspensions (60).

F7-. XBROEE G AR — % (freeze-dried cakes) . K. & D WITIREIE T ORI+ DM H O HE S
L TR T 5(60),

These technologies may be used alone or in combination with other inspection methods to
provide a comprehensive assessment of product quality before labeling and packaging.

OO, HM T, HDIWIIMOMAE L EMAEE T, £/R (abeling) 35 OVELHE (packaging)
AT B & H BB ORI 2 5 2 21D TE 5 TH A 9,

7. QUALIFICATION AND VALIDATION OF INSPECTION PROCESSES
(s 7" v & 2R ORI & ) 7 —2 3 )

7.1 Standards  (FEVEXH)

The use of standards for visual inspection has been described by Melchore and Berdovich (61).
Development of inspection standards begins with identification or characterization of the defect
types that will be represented in the test set(s). This information typically comes from the
manufacturing area, where naturally occurring defective units can be identified from rejected
product.

H kA~ B 5L i f1X . Melchore and Berdovich (61) (2 o Tl BTV 5, s EvE i, o0 B %
li\ *ﬁﬁﬂz b4 ]‘ (test set(s)) Tﬂ?% 5 k#ékﬁ(ﬁl@§/]’ 70 (defect types) @%ﬁk%fﬁ(ﬁ‘ﬁ’%ﬁé‘i 50 :@'l‘%%&fi

FRRIIIL T, AR, 8. FhCH A T ARD Y £, RIFEXEBET 5 ETOSEEE T,
FREH) 7 I D B WDE TENZ & DDA, BTRTUZE SN TITo TR &Y,


http://www.pubfacts.com/detail/23035025/Mass-extraction-container-closure-integrity-physical-testing-method-development-for-parenteral-conta
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—REICEGEFIE D b2 b a5, BLEFEK TIX. BARAEM R KRG ERFOBEA RIS, R
W () POREETHIIENRHKELINLTH D,

The defects are categorized as critical, major, or minor. These defects must be further
characterized to allow for 1) selection from naturally occurring particulate and physical or
cosmetic production rejects removed from product lots, and/or 2) re-creation of equivalent
defect types in a controlled laboratory environment. Characterization information on defects
should include, where appropriate, the range of sizes typically observed and the specific location
on the container. If feasible, a photograph of the defect should be included. All information that
could support consistent re-creation of the defect standards should be included in the
characterization description.

K, By (itica) . K (majon) | 3 KLU (minon) D LIS ND, T D DRI,
HIZ, RO KD IR 2 LT g b7,

1) BARFEAEMICAE TR L, fiha Yy FBERY H LB S 2

MBI 72 BOERF OPERR M DBERI, B LT X

2) BEHEINIZ I RREICBWTO, [R%E72 K4 A 7 (equivalent defect types) D FFEL
RIGIZE L T ORI ERIZ, TORZETL25E1E, KOBDOEETL_ETHD,

- BRI NTRFEH GRIE - KBED) B A XOEIFH  (range of sizes typically observed)

« ZORZIBA L TOBE SFUVIALE (specific location on the container)
b LAMRETHNE, ROBFEZZD L Z &, RMAEROEENZ2FRZ BT L5 L 8bh s 4
TOEWRIL. T ORPATDOFEAR (characterization description) [Z&H 5D Z &

7.2 Preparing Defect Standards (Rt % 5h D /ERK)

Visual inspection standards may be identified from known production rejects, or may be created
manually with characterized particulate material. A single particle/seeded container should be
used when determining detection thresholds.

H A AU T, BRI O BUEHERRGE N D RFE T D0, 5 D WITRHEAT I S 728784 & (characterized
particulate material) ZLL > T, ¥~ =27 /L (ADFT) FNrELZ LI DTH I, BHEIME (detection
thresholds) ZRTET HIEAIL. FiF% A1 7 LT85 (seeded container) 472V . 1Kk F+ZFHHT 3
~xTHS

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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7.3 Particle Types  CKi D% A )

The primary packaging materials that directly contact the product and the potential
environmental contaminants can be divided into specific particle groups such as glass, stainless
steel, elastomeric closure, plastic, and fibers (synthetic or natural). Naturally occurring particles
from rejects should be no smaller than the visible particle (measured in situ) in the container.
Measurement can be accomplished with a wide field microscope or loupe with a calibrated
reticle.

RUNL S EHECET 5 —REM, BLOWRMEO S D BEGRWEIL, TT A, AT VA TLHE,
TITAF 7 BIOWHE (BRETZIIRR) OX I RESHORFED 7 N—TI20ET 52 &N
Hk 25, A (rejects) 75 D BIRFEAR DRI F1%, BasH o B ARE/SRL 7 (ZORRETOHIE
TO measured insity) £ 0 H/NE < FRETIEAW, WIEIL, F v U7 LA b ZI7o+F87 (calibrated reticle)
b DI OS5 VT —XTIT D LK D,

Physically prepared particles can be sieved initially to target a specific size, and then the
individual particles are measured using optical microscopy. These materials, or production
defects, are preferred for inspector training and qualification, as well as machine validation as
they better represent actual inspection performance. Spherical standard particles may be utilized
as surrogates for naturally occurring particulates; however, these are best used for routine
machine calibration rather than validation or inspector qualification, as they do not move or look
like actual production defects.

WFRHNCAERR LTk F %2, BrEDT A XA DLETTH010, ETIIEMICE 2 HNT, DWW T,
FFBEMBL A LT, fllx OD*J%%EJWBH‘%) ZnnH 0k ’f’f FIITAEFE TOXRMM X, R
DY F—3 = 2 (machine validation) & 12, fA B ORI L ORI E L THEMT 2 2 &2
ﬁénéo&w5®m\%n%m\%%@&E%ﬁ%ibi<mf%®tw%f%éo%%@@E
Bt E72, BRIEEM LR DOMER (sumogates) & LCTHEHLTH LV, ; LOLARBL, TNHIE
N F =g UOREBOBHMEME Ve LABENRREKOT Y 7L —va v LT, K
DESHERIND, EWIHDIE, ZFRHITERORETOXME L LT, RFOlhE b A B
TVWRWNRLTh D,

7.4 Rejection Probability Determination (R & DRI 7214 7E)

Once a well-defined defect standard is available, it is assigned a detection frequency or

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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probability of detection (POD) by conducting a documented, manual human inspection
qualification that is accomplished by repeated manual inspection. This repeated inspection is the
basis for qualifying the defect standard. This approach has been described by Knapp and
Kushner (53,54). The Knapp methodology recognizes that the detection of particles is
probabilistic, and repeated inspections with strict controls on lighting and inspection
pacing/sequencing generate the statistical confidence to assign a reject probability to each
standard unit.

O &7, B<SHE SN R IGIEES2FIH ATRE & 22U A Z Y KT Z &I k> TiThih b,
TEfpSNTEv==2T7 0 (NTXD) ORE BB (documented, manual human inspection qualification) %~
11792 LT, *ﬁﬂjl}ﬁ}# (detection frequency) 3 72 1A% HHESE  (probability of detection ;POD)Z |V X4 CTH Z &
DKL, ZOMIRENDBAEIL, KpEEOBEEMEME T o700 EfEL 25, ZO7 7R
— 1%, Knapp and Kushner (53,54) 12 L > TilR_HTW 5, Knapp (282 7iEmiE. ki1 O
DHEFEGRII2 DO THDHZ &, BILOWRIIGIE L A ~—Z /NAFF (inspection pacing/sequencing) 0D i 72
BETOMY KL TUThN DAL, FEAERNICG U CTRIESHER (reject probability) 2 #1024 CT 5 7=
DDA RERIEE 522 bDOTHLH Z L EZBO TN D,

A manual, visual inspection POD of >0.7 or 70%, is required to assign the container to the
Reject Zone for subsequent calculation of the reject zone efficiency (RZE). Secure probabilistic
data for particulate standards can be achieved with 30-50 inspections of each container. This is
best achieved with multiple inspectors. Inspection reject probability is calculated for the defect
as follows:

POD = (Number of times rejected)/(Number of times inspected)

R e — R (eject zone efficiency ; RZE) DF D& DHEHD-0H12, Rida > — > (Reject Zone)
WX T DR EE Y B THLEDIZIE, ~==2 7/ (NITE D) ORHEHEZR (probability of detection ; POD)
Dz07 LLEFETITT0% L, ERSME L S D, R EYERICEI L TORLTE DMERIT — 21X, %
KA LT, 30~50 BIOMA TENT 5 Z &Kk D, 2L, BEOMEBRNITS 2L T, X
D X< EREND, BMEDORESMEST (nspection reject probability) (X, KD X 212 LT, DKMz FH
T 5,

POD (f:fi#e=% ; probability of detection) = (HEBR L72[81%%) / (BE L 72 A%K)

75 TestSets (Rt~ K)

These qualified defect standard units are then assembled into test sets, which may be used to
specifically challenge the particle detection technique of human inspectors, used as part of a

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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defect test set (including container—closure defects) for human qualification, or for comparison
during automated equipment qualification and validation. When possible, the test set should be
prepared with duplicate product units per particle type and size to ensure that backup units are
available in the event that a standard container is broken or the particle is trapped or lost within
the container.

WIT, 23D OBAEVEN TN S 7o RS E S AL RS 2, ity PA~LMN TS, ZoHmeit
v MI, REBOR T 7 =7 ~DF ¥ LU e LT, REB OB D 7= 5 O K aiR
Ty b (Fas/ ROXRMWEETD) L LT, 50T HEEME IR OB HEREm & Y 7 —
9 VHOHBOT-DIHEN SND, FRARGGIE. 2OREL Yy MIBKIFOX A4 TRKRE &I
DT, “HE L Gk 2A4T-o0) RGBS (duplicate product units) & L CHERR T RE TH B, Z
UL, EESORMBBEAE LT2GE,. ®DWITRFRERNIC N7 v 7S b0, KbhieHal
Tl & LTHATED L DICT 2720 TH D,

When using test sets, it is a good practice to verify the presence of particles before and after use,
as particles may become lodged between the container and the closure. When a freely moving
particle cannot be verified, the unit should not be used and the data should be excluded from
subsequent calculations. When this happens, it may be possible to free the particle with the use
of an ultrasonic bath. If this is not possible, the unit should be replaced. The number of defective
units in each test set should be limited to approximately 10% to prevent rejection bias (57). The
accept containers will be identified as having a pre-determined manual, visual inspection POD
of <0.3 or 30%. Any particle standards found to fall within the acceptable “grey zone”,
indicating a manual inspection rejection probability >30% and <70%, may be included as
an “acceptable unit” in a test set, if desired.

REL Y NEFEHT AT, KA EG EROMICERAZAEND BN NO T, AT X
OMEHZICRL T DOGFEEMRT D EDRENCD FTh5, HHIZEI KT (freely moving particle) % fiff
RTERWVEAIT, TORNEREEMNT &5 TER, TOROHENDZNZHRTRET
DD, ZOXIRIENEI STl BERAEEZMEMN TS LT, TORFEZHBICEIC L)1
THZENHELFREERH D, b L, TN TR %2 HHIDIREBICH K2 - 728558138, O HNA
BRI T RETH D, Bty MBI DKM EROBIE., REAICED LA T A%
ST 72D K 10%ICHIRT RETHDH(57) . AFRIIND Gk : Ak LHEShD~%) B, T
WIRTE S NTe~ =27 VD B HURA POD (s ; probability of detection) 7% 0.3 Z# % %, F£7213 30%
EEAZDEIICHESND Z L2 D, ~v==2T7 /b (NZEDHERE) (2L D RlEAHERNS 30%
U ETH- T, 1o 10%RiZ2 R, R “VL— - V=1 NICEL DR AR, b LED
OTHIUE, TOMAEE v b D“acceptable unit” (4 sufzs ELTEDHDDLIEZLTH LI,

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
AR EIWT 8 D WA TE & L DD 5EICiE, BT RISV T T T ELY,
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It is important to prepare a written procedure for the creation and maintenance of standards. This
procedure should define the qualification criteria, appropriate storage conditions, periodic
examination and requalification, expiration, and sample custody during use. Test sets should be
approved by the quality unit. The container in which the specific particle set is stored must be
clearly labeled with the test set identification information.

FHESL DIERL (creation) & HEFFICBI L TOFNREZAER T2 Z ENEHETH L, ZOFIET, @
P EEYE (qualification criteria) . i I 72 PR/ G4 (appropriate storage conditions) , E B Z2 AT & 1 *@rﬁﬁﬁﬁﬁ
(periodic examination and requalification) | A NEARR (expiration) 33 L OMEHHF DO~ "L ( (sample custody during use)
HHETRETHD, HEty MI, WEBMAPAKRT &S TH L, TOREOR T v M RE

THEIIT, HURATE v N ERET B IRE VIR RRT D 2 L,

7.6 Types of Test Sets ~ (frdst v hDZ 1 )

The particle detection threshold can be determined for a specific inspection method and
product/package combination. It is a standard curve of detection probabilities at various particle
types and sizes in an approximate range of 100-500 pum (with recommended increments of
100 um). Fibers are typically observed in sizes >500 um. The typical size range of particles
used in threshold studies incorporates a variety of particle types and densities that are typically
found in the manufacturing environment.

i OMATER L O, AEEOMAA DEICHONWT, R FOMHBEEZIRET 5 2 ENTRETH
%o X, 100-500 um (100 um @O HEEOZA AN HELE S VD) OmEYI 22 & COKORL 5 A
TELIOY A X TOMHOMEFIZES U ORI & 705, flET, —MAIIZ> 500 um O RE T
Blzans, BMEFAEICHEN SN AREBEWZRFORE SOFPIL, FHEOR 41 7L, RiER
BEC— RIS IR LN D EFORLA X A T OEE (densities) Z AT 5,

Threshold studies are conducted to determine the sensitivity of manual inspection methods,
using a range of particle sizes, in a blinded study that yields the particle-size detection
capabilities of a defined group or of an individual inspector. The threshold studies indicate that
the method of inspection is valid and appropriate. For example, for clear solutions in 10-mL
tubing glass vials, past thresholds studies indicate that particles within the range of 150-250 pm
(500-2000 pum for fibers) can be detected with a POD of 70% or greater. Results can differ due
to differences in product formulation as well as container type and size. Threshold studies are
also useful as an assessment tool when evaluating or qualifying visual inspection staff on a

FHRICIZ T, R, . Thic 2 A I ARH Y £, RUIRLE RS 5 L TORZEETT,
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specific method with fixed testing parameters. Detection threshold studies are typically the first
step in evaluating the performance of any new inspection method.

~v=a27 N (NZLD) OREEOBREZRET L7202, BEFRELZITH, BEFHAT, AHH
ORIV A XA LT, HEISNZT/L—T (defined group) 3 D Wl % ORaE B ORIV A Xk
HRENZ/oND X o7, 774 v FlETITbN S, BIEFAEIZ, BRESIENZY THOWEY) T
HHZLEERTHEDOTHD, HlZIE, 10 mL EFEOERLSA T )L (ubing glass vials) H D 72 VAR IS
B L C., EIf T - BMEMAA X, 150~250 pm O#FLFHORL 1~ (k2> Tl 500~2000 pm)
1%, 70%LL 0> POD (i1 ; probability of detection) TR TE 2 Z LRI TS, TORERIT, &
BWOEATBIORE I mOZ L, MAMNSE TCOXERIZE > TRAR->TL %, MEFATIX. £
7o BESNTRBR T A — X ZRFOBE SN HIETO BHRBREAY » 7 OFHl (evaluating) & %
PEREZR (qualifying) (ZBR L COFEMY —/b (assessmenttool) & L CHAHHAL LD TH D, HHEBME (detection
threshold) FAT L. & D772 & HFIEOERRDOFHIIZ B T DY D AT v 7L L TR HEDTH
Zals

Depending on product and/or presentation, rejects in the test set should represent all defects
anticipated for a given container type or product family. For particles, use a bracketed range of
types (densities) and sizes from near the lower limit of the visible range (100 um) to the largest
routinely observed in the pool of rejects. For an individual manual test set, it is important that all
containers and closures are of the same type, and the samples are blinded. UV ink (invisible to
the inspectors) may be used to mark all containers. Alternatively, bar codes or other coded labels
may be used. Manual test sets can be used initially to qualify, or periodically to re-qualify,
human inspectors. These test sets may also be used for direct comparison to semi-automated or
automated inspection methods. If significantly different formulations (e.g., clear solution,
suspension, lyophilized) or packages (e.g., clear vials, amber vials, ampoules, syringes) are
produced at the same facility, separate test sets should be prepared to represent each unique
combination. A bracketing approach may be used with regard to different container sizes.

FUELROFR (presentation) (K-> TlE, BAEL Y FOU TP/ b GRiE: Bty b0 )b, B TREA LHE
TR0z Ln?) X, HBOIGAXAONTERBIATHHIWVEHGE T 7 I —lZonWT PRI 2
TORMZERTRETHD, R LTIX, A4 7 (BEE  densities) & K& X (02 1L, BE®K
EREOHPHIT < (100 um) 76, PO 77— FEHA ARG SO E D OFSy) THET
IZHBID KRS O F TO bracketed range Grik : fFHO R L b &0 9 fishofEo 2z 2) ZEHT 5, f#l ~
D~v==2T )V (Ncks) BEE Y M LT, 2TORGLCENBE U X A 7T, o7 umnT
TAVRENTWDZENREETHD, UV A7 (REBICIIRZRD) B, ETCORGBDO~—7
fHFIZEEA L TLY, HDHWE, N—a— R FEFfhoa— Meashie 7~ v azfifics s, v=
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27V (NZE D) OBREE Yy ME, BREB OB O 7= OITRINT, D VILERI 72k
PEFRHBICEE 2 2 L3 kD, TR ooBREY Y MIx/z, FHEIH D VITEHBORE L
DEZUEBICHFEHINDG THA I, b LRE Bl (BlIxiX, BHAZRER. BER, W
fEE) O (WX, BHARASAL T BOEONL T, T, YY) 3E URERT
THEIND DO THILE, TNENOBREL Y b, FEAOHMETIZOWTERTRETH D,

7.7 Training and Qualification of Human Inspectors (i 5 o 3l & Ak EEAT)

Before training, potential inspectors should be tested for visual acuity (62) and color perception.
Near-vision performance should be the equivalent of 20/20 with no impairment of color vision.
Both the Snellen and Jaeger charts are useful for verifying visual acuity; they test far and near
vision, respectively. Training should include a phased approach with a specified number of
training hours expected for each segment. Initially, train the potential inspectors with defect
photographs or a video library and clear written descriptions. Utilize subject matter experts to
mentor and provide hands-on training with defect standards for the specified method.

AR 2T 9 BiS., M B (potential inspectors) (AR /) (visual acuity) (62) & FAEI (color perception) (2D
WTHREEIT) Z &, < Z . DHES] (near-vision performance) 1. A5 (color vision) (DFEEE % H 7= 7o\ i
AT, 2020 ISR THSH T L, Snellen F v — 5L T Jaeger Ty — hOWIH & b B E R
DIEDICAMARLDTHLD, ; THHIE, TNETHARBLOEHEZBRET 2D TH D, ABRIT.
Bl 7 A Y MEHIRF ST 2 BUE SN ARG T OBPEICBINT 727 7 5 — T (phased approach) %75
WHI L, BN, KGFEHLWVIETATAT 7V BLUOHHEICE LSRR THRER
et 2 I 5, F5EICIT (o menton TRE & 72 B FIEDOBGHE (experts) ZIEA L. HE SN HIE
TORMIEAE S TOFEMFNFE (hands-on training) 21T 9 .

Reinforce mental or silent counting and follow the paced sequence to achieve consistent
inspection timing. Stress the importance of strict adherence to the inspection process (procedure,
sequence, and timing). Inspector fatigue may be addressed in the qualification process by testing
under worst case conditions (e.g., at the end of a typical inspection shift). Train all inspectors
(QC, QA, and production) with common procedures used for 100% inspections and AQL
inspections. All inspection practices should be standardized and consistently executed across all
inspection groups.

mental or silent counting RIE : LOHTTHA D, HEVEB- Tz 5 k) RS, HENRRES A
SV HRERIEDLTEDDR— R 5 FFSTZ)EF (paced sequence) (2R 5, EIE (FIE, IEE.
BIXORXAIUT) OREERESFOEEMZMIAT 5, MAEB DTS (inspector fatigue) (£, 7 —A M
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—AKMEDOTT (Tbb, RENZBRES 7 bOKbY OFFET) BBR4&5Z Licko T,
PEREAG 7" 2 & A OHCHLY P T LV, 2EHRA (100% inspections) & AQL MRS (2 H &4 5 Hd
FIE TR TOMEER (QC, QA, BLUMLEDKEM) T 5, &2 TOMAE DY J57 (all inspection
practices) [IAEMELZITV, W2, BRAEZ L —TIZOWTHIBIIIZE/R 35 Z &,

Qualification should be performed for each product type and package that the inspector will
encounter. A bracketed or matrix approach can be used to simplify qualification of products
with similar physical or visual characteristics such as container type and size, formulation type,
product viscosity, color, and others. It is common to initially train and qualify personnel on clear
solutions in clear containers (if produced at the facility) and then expand their expertise to
inspection of more difficult formulations or presentations.

TSR, MEENEBET &KW O X A 7 @I ONTITH 2 b, RS ORI 2 H
WALT D722, 7T > 8 (bracketed) HDHVNE FY v 7 A (marix) DT Fa—FE=MHTH L
WK D, ZHu, B, BEOXA T EHA X, GO AT BRORE, &, Zofe
o712 K9 7[R CER 72 ERM) & 2 W B ORFME (visual characteristics) & FF- D845 & 7 L — 7L L T
KHETH D, NS, (b LEANFELC L TRIE S22 518) ERRERT OB 228z O0
T\@EE@W@&L%@®#ﬁ%ﬁ5;k#—ﬁ%T%@\KWT\i@@%ﬁ@ﬁ%éWH%
HE (presentations) DIRAT~ & Z DFRER % KT TIT7 <,

7.8 Inspector Qualification Requirements (K48 B O A& 2E3K)

The qualification of all inspection personnel utilizes a manual test set to be inspected under
normal operating conditions and inspection critical parameters, including inspection timing and
sequence, physical environment, and inspection duration. Three successful inspections of the
test set are recommended to demonstrate consistent performance for initial qualification of new
inspectors. Acceptance criteria for each defect class should be based on the POD (or RZE)
observed during test set qualification. A limit is also needed for false rejection, with a
recommended target of <5% falsely rejected good units.

MRAZEG T T 52 TOME OWEHEIERANIL, @H OMEERM LA LOEENT A =2 DT,
v =2 T VHOEETE >~ b (manual test set) WA Z &, B, BELEOERE AT XA —4%] |21t

BEXA I 7 LNEFF (inspection timing and sequence)  MFEAY 7R BR RS (physical environment) 38 X U2 I
I & (inspection duration) 237 £ 5, FHKRE B OB OmEASMEREM (initial qualification of new inspectors)
DT=8>D—E LT=HE ] (consistent performance) & AL~ 2 720 121%, £ OBt~ h o GRIE KT 5 2)
3 [BIDOFRAT A (three successful inspections) & HELET 25, K K[E7 7 A DFFRFIWERE X, Rkt > T

FIFUCITL T, AR, BB ENCH A T IARD Y £T, FUUIRLEZBFT 5 L COBRZERTT,
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DN FEAR > POD  (Probability of Detection ; Ktifex) F 7213 RZE (Reject Zone Efficiency ; i/ — 2 %h%) 1
EDOLRETH D, o T A G (false rejection) (25T D REE S MLETH Y | 5 %A O falsely rejected
good units (FEHIEIC & B EHET 5 RAHM AR NF—F v M LTHIRERINS,

7.9 Requalification  CGEEFSMEFFREAM)

Inspectors should be requalified at least annually. Requalification includes a test of visual acuity
and testing with at least one product/test set configuration. A single successful inspection of the
test set is sufficient for requalification. Requalification may also be necessary in the event that
poor performance is observed during routine inspection or if the inspector has been away from
the inspection operation for an extended period of time (e.g., 3 months).

BAEBIE D72 THERTITERMED FRE21T 5 2 & WA O FEREAR (requalification) 13, 177 (visual
acuity) &, D72 TH 1A, FERE ~ b ORERK (at least one product/test set configuration) "C DR E 2> & 7
LB AE Gt Z b, WEMFAHMmICE L T, BBty O 1 EOGKTHS TH D, EEMERF
X FE 7=, BEBIZRBETICEDRESI NG > TWD T L (poor performance) DMREINTZHEC. H D
WITREBE D EWIN (BI2IX3 7 AM) IZblzo TREXEBEN LN TWESEAIC LM E LD T
HAH9,

If an inspector fails the requalification test, a retraining process should be initiated to identify
the root cause and allow the inspector to receive additional instruction. After this process has
been completed, the inspector may attempt to meet the acceptance criteria one additional time. If
the inspector fails, he or she may attempt to qualify again after a specified time period.

b LRAEE D, WEEMERTEMRBRICE B 61X, ZORKERZFEET 57 OICHIE 7 =& 2
ZEHIE L. ZOMAEEINBINOBE I (additional instruction) 235% 17 HNLD XL 9T 5, D7k X
WEETLIEOL, ZOBEELZ S 5 11, FRHBEECEGT 202 L Thb Ly, b LEORK
BENPREE TH o722 bIE, ZOFIL, HE SV HIM (specified time period) 212, FFONESIEL A
LTWL 2zl TH LW,

8. PRODUCTS IN DISTRIBUTION (Jftidiaf2 iz 3517 2 Blih)
Chapter (790) states, “If it becomes necessary to evaluate product that has been shipped to

customers (e.g., because of a complaint or regulatory concern), sample and inspect 20 units. If
no particles are observed in the sample, the batch is considered essentially free of visible

BRI, B, M. TN A T IARD Y 9, FOUIRLEHET 2 L TOZEER T,
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particulates. If available, additional units may be inspected to gain further information on the
risk of particulates in the batch.”

USP @ Chapter (790)/E, KD L 92T 5, : “H L (FlxiX, Bl 2135 EH D W0 IREN 72
BOT=DIT) IR U CHIM LR 23T 2 MR A U772 HIE, 20 BAASREZEE L C,
BT D, EOV TR A ZRDRTIIE, £Dy FiE, AIRBR 0D AREIZ 7 U —
(essentially free of visible particulates) T D EHFH 2 HILDH, & LA THIUX, TRy FORLFOY A7
IZOWTOERDIEREFDT-2DIC, BIMORMAEHRERAEL TH L, 7

For products in distribution, questions regarding batch quality will occasionally arise from
customer complaints, observations in the field, customer use questions and from the use of
non-standard (sensitive) conditions of inspection. As discussed in this chapter, the detection
process is probabilistic and the likelihood of detection is a cumulative function of the particle's
visible attributes, drug product and container characteristics, and the inspection method used. In
an appropriately qualified manufacturing process, the batch is presumed to have been prepared
according to robust processes and all containers with package defects and visible particles
(non-conforming units) removed prior to labeling.

TIEBRE T8 D EFEMIZOWN T, ANy FREICEADLEIL. BEDOEENS, 74—V’ @
AR [CBTDEEND, BEOHERICOWTOER (customer use questions) 725, & L TIEIEYE
7 (Bi7R) MAESREOFERNS, B, 25 THA D, Z O chapter Tigam L7- X 212, B
D7 1Y AIHERHIRH O TH Y | FH O Al EENE (likelihood of detection) 1, i~ 0D A] #H FRF M (particle's visible
attributes) « [ 3% 5 38 L ONER Z8 O %5 (drug product and container characteristics) 33 32 OVt FI 9~ 2 ¥ 725 J7 72 (the inspection
method used) (D FAFEBIEL (cumulative function) & 72 %, BN @A MRS S - BE 7w 2T,
MDH D7 a1 AW TR S, @3 ED K (package defects) & RIFRATRL 7- &2 FF o2 T O R (R
A BALRSS ; non-conforming units) 1. T ULFEIRANZIIRE SN D EMHEL TV D,

In that regard, the evaluation outlined in general chapter Visible Particulates in
Injections (790), Introduction, Sampling at Batch Release (After 100% Manufacturing
Inspection), Product in Distribution is only permissible if both Sampling at Batch Release and
a 100% Manufacturing Inspection have been successfully completed.

% O BE T, general chapter @ Visible Particulates in Injections (790)?. Introduction, Sampling at Batch
Release (After 100% Manufacturing Inspection), Product in Distribution (ZAFZE 23R~ 530 T 2 5,
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%, L. Sampling at Batch Release (v it coro=7y > 2) ¥ L OV 100% Manufacturing Inspection (£
e dy) OWEDN, KHEIZTET L TWDALEEICDOR, KB IILD (permissible) H D Th D,

The particle detection threshold should be determined for a specific inspection method and
product/package combination incorporating a variety of particle types and densities that are
typically found in the manufacturing environment. For example, the detection threshold for
routine, reliable detection (=70% probability) of a single spherical particle in a clear solution
contained in a 10-mL vial utilizing diffuse illumination between 2,000 and 3,000 lux is often
near 150 um in diameter (4). Units returned from distribution may be false positive, may contain
particles larger than the acceptance threshold that were missed, may contain particle(s) in
the “grey zone”, e.g., less than the detection threshold, or may have suffered a physicochemical
change that resulted in a visible change. Ideally there were no visible particles in the containers
released to market; however, there is always a low probability that this may occur.

K7D HBIE (particle detection threshold) 1L, HFE DA 1L L . BEBREE T KIS A BBk~ 20kL
T DX AT EFEEROFE L TWHREGEOHAEDE T EICRET D &, HlxiE, 2,000 ~
3,000 lux OFLEEA (diffuse illumination) 25 LT, 10-mL D31 7 ILHNZ G F 5 B 22 5K H7 0D B
— 7R ERTZHRI T~ (single spherical particle) DASFEMED HFHFN (=Z70%HE3R) 1. LITULITEZR 150 um #£< T
B D(4), FIEEFE DR > CEHAREIT, RO XS RENEEINS,

o TG (false positive) 2 7R3 200G LALZR WD

I A% LTI HIBEELL EORE S ORI T2 B A TS L7

“grey zone” DRI Z ETent Liviewy (B2, RIHOBEY A XX /&b o)

PRt 72224k (visible change) %4 U 2 B{LRZ b2 4 U TV A0 b H 20
BAERICIE, TS L2 B8P ICIE T RAR X FE LRV ETH D ; LM LR, #Ii
BWEREL>TEDL ORI LIFAELLTHA D,

Upon receipt, suspect containers should be subjected to the same inspection conditions and
methodology used in the release inspection. Particle(s) verified in the returned or re-evaluated
supply must be carefully characterized by an analytical forensic process to determine their
source and likely cause. Single particles of typical product-contact materials are unlikely to
present a concern. Multiple particles, large particle sizes, and any particles indicative of physical
or chemical change are significant events and should be subject to further investigation.

ZHEIF R TRV O H D Basld. A (release inspection) THEH X405 D &R UMAESMB IO HIE
T, MEAITY 2L, KB D WIEHERHE L7237 A (the retumned or re-evaluated supply) CHERR S 4172
B (HH 2 VR X, T OB (source) & AIREME S DIRAJRIA (likely cause) ZIRET D 720O1T,
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N7 7 F— L 2T 7 78 (R R A TOME %47 9) 7 1 & A (analytical forensic process) (Z & V) |
T3 T RHEO T & LT UdZe & 720, ARERA 7 B LA (typical product-contact materials) 7)> £ 0D Hi—
DRLFDFAET D DEIFIR ERWTH A 5, BEORLF . KIMORLFH A X B LU 508
BB FR R B Z R T INAI 22 DR S ERRFELRTHY | ERDLFEEZITIRETH D,

Rare instances of particulate material falling into the “grey zone” should be expected given the
probabilistic nature of the inspection process and should not routinely trigger further evaluation
of retention samples. While (790) provides that zero particles found in the sampling and
inspection of 20 units signifies that the batch is essentially free of visible particulates, if multiple
suspect containers from the same batch are detected, additional units should be inspected and an
appropriate rationale provided to support the batch's conformance to the registered
specifications.

“grey zone” IZ A DRI IRWVE OF 7o FHIE, WA 0t X ORERIVFHER 52 T D L RET
RETHY, BRFEV TV (retention samples) DF /R DB AT O E W I B &4 LT _RETIE ARV, L
L7273 5, USP chapter (790) (X, 20 [HOBAIEZGROY 7Y v 7L ZORAE TR -3 L Hit7en
ZEIE, FONR Yy FRREIN BRI 75 7 U — (the batch is essentially free of visible particulates) ZEREL
TS EIRNTWD2N, b LA CNy Fin b OBE DR b DR Sz biE, Bino
HN R T HBE L, ERYICEE: L2 HH (registered specifications) (23X 5. F Dy F OwEA1E % BAF
% 72O OE Y2 R ERABEH  (appropriate rationale) & 525 Z &,

Overall batch quality using internal systems to control particulate matter and the means to
investigate these occurrences is key to the life cycle approach for modern pharmaceutical
production. Evaluation of retention and stability samples provides insight to batch quality, as do
the field-use effects for any medication. While the presence of particles or product or container
defects discovered in retained or returned product do not necessarily incriminate the quality of
the batch, careful investigation should be conducted to exclude systemic risks.

B ZHIE9 D INEBEY S AT A (internal systems) & 4L 5 DREZHET H7-0D HiEZEH L Toik
{RE72/3 T EE (overall batch quality) 13, EHTDOEHRKLELED T A 7Y A 70« T —F|LoT
BETHDL, REBIOLEET TV O Gk &mcovco) ML, Sy FEEIZ OV TOEE
ZHZDHHDOTHY, EAEFERIC, fa7e 2 EHRICEA L COBGAEH TORZEE (field-use effects) %
HTHEDTHD, KifrOFTE, HHWIERE S L IEHFERO KM, RIET 7V 5 WD TR,
M THRAINTH, ZOR Yy FREICHRT D LB X DHBITIRND RFHITR Y A 7 (systemic risks)
AT A0 OFEEITO 2 L,
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9. CONCLUSIONS AND RECOMMENDATIONS (f&a & #:4%)

Visual inspection for particles and other visible defects continues to be an important part of the
manufacturing process for injections. Chapter (790) provides a useful reference method and
acceptance criteria for visible particulates in injections. Successful execution of visual
inspection requires an understanding of the inspection process and careful control of inspection
conditions. Inspectors must be trained to ensure consistent, high-quality performance.
Alternative inspection methods, either semi-automated or fully automated, may be used in place
of manual inspection methods.

K f- & ZDOMO 2R KR O BfBREZ, ERAHORE T e 2AOBHER—HTH Y Kl 5,
Chapter (790) &, 14710 AIELAIRLF DA 72 B YEGKERTE (reference method) & FFASHIE FLUE (acceptance
criteria) Z 2T D, AHRMREORDEDOFEMIL, A&7 m ADOEM L | AR OEERVE B
HMEET L, REBIZ, —BMWAH Y mV G ERIEES] (consistent, high-quality performance) 23 PRalE S 415 &
TR Z Z T 2 T TR 57220, AR BORORETES, & MCX2BATE (manal
inspection methods) DR E L CTREH L TH Ky,

Where machine methods are used, the equipment must be validated to demonstrate equivalent or
better performance when compared to manual inspection. The use of test sets that contain
standard defects is an important element in inspector training and qualification as well as
machine validation. Good product development will lead to a stable product with a lower risk of
particle formation. Identification of the type or types of particles found during product
development and routine manufacturing is an important aid in source identification and
reduction. Inspection results should be trended to further aid in continuous process improvement
with the ultimate goal of defect prevention.

WRIZ L D FIEEMER T D568, ZOBERIIAIZ L DA (manual inspection) & LHEZ L CIRIZELL ETH
52 LaANYT— R LAadnde b, BEENZRXIES0LRERY v bOMEIE, £ OO
UFr—3a s LREBRIC, AR DI L BEsERHhc BT 2 BEERBERTH D, BWREBFRE L W
Db DI, KA Y A7 MENZERBEZES DO THA D, MO A FH R ET
RONDRIADE AT (HE D HVNIHEED DIFITE (identification) 13, & 0 HI KR DFFIE (source identification)
RVALF- DA ZATD 9O A TOEERMT L5, BARFIL ML Fa & D RIFEAEDBIE (defect
prevention) & U9 Fef&HY7 I — L & D IR 72 7 1 2 A B (continuous process improvement) @D T T 7
LT ETRETHAS D,
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