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ABSTRACT

The majority of compounded sterile preparations (CSPs) in the United States are prepared via
manualmanipulation of sterile coponents by persons employing aseptic technique. The
current practice ofelying on fallible and microbially contaminated humans to perform
flawlessly and with aseptjerfection is a strategy that inevitably lesih aseptic failures and
contaminated dosesWhile thereare many sources of microbes that can lead to the

nosocomial infections that plague our patienggharmacists and all other compounding
personnel must constantly employ robust work practicegliminate the sterile compounding
process as aource of contamination that can potentially resultgatient sepsis.

The integration of automation into pharmacy compounding practices in order to remove or
eliminate thenegative consequences (improperly prepared CSPs, touch and environmental
contamiration) associatedavith personnel working in controlled environments has been
limited to automated compounding devicé8CDs) used in the preparation of total parenteral
nutrition (TPN) and other limited fluid transfapplications. These devices are used3SO

Class 5 engineering controls certified to meet predefinedla@nliness standards.

This article focusson the aseptic processing capabilities, as well as the environmental and
engineeringcontrol operating performance characteristics, of an atted compounding
device (IntelliFi®i.v. byFHT, Ing.that is used in the preparation of prefilled syringes under
worst-case operatingonditions, including uncontrolled ambient air, prolonged compounding
operations and fatigueemployees.

The device was tested for compliance with 1ISO, IEST, CETA and USP Chapter <797>
requirements fomprimary engineering controls. This device employs unidirectional airflow at
the critical filling zone. Arocess simulation test was conducted over three days where ten
thousand four hundred and ninetyseven(10,497) syringes were filled witltyptic Soy Broth
(TSBand then incubated for 14 days. All syringes weegative for growth. On the third day
of the test, twothousand and twenty (2,020) 0.9%dsum chloride syrimges were filled and
tested for sterility in accordance with USP Chapter <71>: Stérédiys. The contesf the
saline syringes tested were found to be sterile.

Based on the results of the media fills, the statistical probability of contaminatioryfmges
producedwith an IntelliFill i.v. device is no more than 0.02% (0.2 contaminated CSPs in 1,000
CSPs) with eonfidence limit of 958 t KI NI OSdzi A OF f YI ydzF I Ol dzNB |
mediafill were reportedin 2001 ranging from no more than1®6 to <0.05%.

BACKGROUND

To date, almost all of the articles published on aseptic media fill have focused on personnel
preparingcompounded sterile preparations (CSPS)There have been three articles that
studied the impact of theompounding envonment*”°and one article published on the

aseptic processing capability of A€Dhe ACDs currently marketed in the United States to
preparemulti-ingredient CSPs have been designed and tested to measure and quantitatively
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transfer volumes o$olutions accurately. The manufacturers have not verified the aseptic
processing capability of thettevices, nor have they published any data that demonstrates
GKFG GKSANI RSOAOSa OFy LINBLINB | dadSNREfSE |

Contamination rates have ranged from 0.3% to 5:2&% media fills performed by human

operators.t KS 2y S YSRAI FAff NBLRNISR gAGK |y ' /5
extending the use ahe tubing (48 hours vs. 24 hours). Out of 40 media fills in that study, five

(5) bags were positive fgrowth, for a contamination rate of 12.5% Aseptic processing

requires the robust application of engineering, microbiological and persarorgdmination

control principles and practices to prevent the introduction of microorganisms into CSPs.
Humanrborne coxtamination is the greatest threat to the sterility of CSPs and is the most

critical factorthat needs to be controlled in aseptic processing. Thus the application of

automation to remove humamtervention from CSP compounding should substantially
reduceopportunities for microbiatontamination.

PROVING STERILITY

CKS GSNY WAaidSNAESQ A& +y o60az2tdziS GSNXY AYyRA
cantherefore be demonstrated only by testing an article for the presence of viable growth;

this is a destructiverocess. It is therefore impossible for any test method to demonstrate that

any particular lot of CSRBentains sterile contents with absolute certainty, since such testing

would require 100% of the batch to lested. As such, the idghat a CSP is sterile must be

viewed in the context of its statistical probability leéing sterile.

USP Chapter <71> describes methods by which sterility is asserted, involving either the
application ofend-product testing to a statistically appropriateimber of samples from each
lot, or the validation of amseptic filling process with large number of test articles. The
probability of detecting a contaminated urfiom a single sterility test is impractically low.

LIMITATION OF THE STERILITY THSRBBPECT TO SAMPLE SIZE

It should be recognized that a USP sterility test might not detect microbial contamination
present in only amall percentage of the finished articles in the batch, because the specified
number of units to be takeimposes a sigridant statistical limitation on the utility of the test
results (Table 1). This inherdiritation, however, has to be accepted since current
knowledge offers no nondestructive alternatives &mcertaining the microbiological quality of
every finished dicle in the lot, and it is not a feasible optiém increase the number of
specimens significantR/™

Table 1*

The Relationship between the Probability of Passing the First and Repeat Sterility Tests and the Percentage
of Nonsterile Units in the Lot Contamination Rate or Percentage of Nonsterile Units in a Batch

0.1 1 5 10 20 50

Probability of passing the sterility test, n = 20 0.98 | 0.82 | 0.36 | 0.12 | 0.012 | <0.00001

Probability of passing the repeat sterility test, n =20 | 0.99 | 0.99 | 0.84 | 0.58 | 0.11 0.002
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sterility testing procedures are not by themselves designed to ensure that a batch of product is
sterile or has beesterilized. This is accomplished priniyby validation of the sterilization

process or of the aseptlicINE OSa aAy 3 LINPOSRdAzNB&a OLINRPOS&a aa

PROCESS SIMULATIEGSTIDESIGN

Since personnel and the activities performed by personnel compounding are the predominant
cause otcontaminationin compounding areas, the skill and training of personnel are the most
important factors® *° The media fill test is one of the tools to monitor this skill and training.
Media fills should simulate actuaseptic operations as closely as possible. Alimdations,
handling, environmental conditions amdher factors likely to influence the risk of process
associated contamination should be represented byriediafill simulations. The intensity of
such challenges should represent the greatest risk watld beexpected during normal
production. By using growtpromoting microbiological media in these higbk process
simulations, a very rigorous challenge of the process is achieved.

Similarly, media fills can be used to challenge the effectissné an automated filling process

by replacing the pharmaceutical fluids ordinarily processed with microbiological growth media.
Even thoughuman interventions are less frequent, their impact can be measured by

producing a large number ofiedia challeng@reparations. The process can be further
OKIFffSyaSR o6& 0SAyYy3 cadditds thatdblg ordingrilydbesexpedied to O | & |
produce unacceptable levels of microbial contamination.

METHODS

There were three testing methods employed to evalutite performance of the device as part
of the study.They were:

A. Validate the IntelliFill i.v. (device) against all applicable engineering control certification
requirements to ensure that minimum performance criteria under aymc conditions
(ISO Clags ar cleanliness) are maintained.

B./ 2y RdzOU0 I LINRPOS&aa aAydzZ I 6A2yY O6YSRALF FAL €O
while filling syringes with anicrobiological growth medialSBor equivalent) withait
any growth, incorporating all process intentions under worstcase conditions.

C. Evaluate the microbiological environmental conditions of the ambient air where the
device wadocated and within the aseptic enclosure of the device during the media fill.

Additionally, the impact of operator interveioin during device setup, syringe production and

related material handling procedures that occurred during protocol execution was evaluated.
This includedyarbing, cleaning and disinfecting procedures.
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EQUIPMENT AND FACILITY CONDITIONS

The equipment ceitication and media fill of the device was conducted in the warehouse of
ForHealthTechnology, Inc.no6w FHT Inc), located at 790 Fentres®8levard inDaytona
Beach, Florida during January and Ap0iD7. The area where the device was located during
testing was an uncontrolled area that was not climatatrolled. The operators interacting
with the device, trained FHTnhc.employees, were properly garbed (haiet, face mask, gown
and gloves) according to FHT Operating Policies and Procedures dermegdiefill. All
interventions (i.e.cleaning and disinfecting procedures, tubing setup, solution bag changes
andloading of syringes) during process simulation testing were performed in accordance with
FHT Operatingolicies and Procedures. Environmédntenitoring samples were collected by
the author, under thadiredion and supervision of a boatkrtified microbiologist. The
following graphic (Figure 1) identifiesch of the stations integral to the aseptic processing of
syringes within the aseptiocnelosure of thdntelliFill i.v. device.

Figure 1
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METHOD & ENGINEERGCONTROL TESTING

IntelliFill i.v. is an example of a new type of engineering control that is intended to significantly
minimizethe amount of human interaction in the compoundingppess and minimize the risk

of human aseptitechnique failure. This engineering control is a medical device as described
by the Quality SysterRegulations (2CFR820) promulgated by the US Food and Drug
Administration (FDA). It is a ClasBxempt Pharmcy Compounding Device as described in
GaSRAOFEt 5S@OAOST 9 H\Stifidaliork 2lass IFDECYs; RhatdBaxyt NJ S i

/ 2 YL dzy RA Yy 3 CFRS8&Q] iB tieiFederal iRegiskéarch 21, 2001.

As devices like this are introduced into practice, it ipontant to understand what features
and operatingcharacteristics are required ¢fiem to ensure that appropriate CSP sterility is
maintained. Theequirement for controlled conditions that apply to currently known primary
engineering controls, such &minar airflow workbenches (LAFWs) and biological safety
cabinets (BSCs), may not apply. The deafi®e serves as a primary engineering control
designed to achieve and maintain ISO Class 5 air cleantioegiions using HEPR#tered

supply air.

The engieering control features of this device were subjected to several different test
proceduresaccording to criteria published by the Controlled Environment Testing Association
(CETA). In responsethe needs of the pharmacy profession, CETA has publiskedes of
industry standard testinguidance documents to ensure continuity when testing facilities and
primary engineering controld AFWs, BSCs and Compounding Aseptic Isolators). The CETA
Guidance Documents used in tisteidy were CA@02-2006 and CA®03-2006. The tsting

was performed by a highbkilled, qualifiecand trained technician (20+ years of certification
experience) from MicreéClean, Inc. (Lehigh Valley, RAyw.microcln.con).

ENGINEERING CONTROL RESCGHARACTERIZATION OF DEVICEWIRFLO

The IntelliFill i.v. device was located on a factory floor in an uncontrolled air environment.
Ambientwarehouse air particle counts ranged from 17,000 to 22,000 particles (0.5 microns
and larger) per cubifoot of air. Microbiological analysis showedttihe particles were both
viable and norviable.

Upon completion of the testing, the following observations were made and results reported by
the certifier:

e Device design shows that airflow velocities and directional airflow partially sweep away
particuate and contaminants from critical areas, despite refluxing, due to a high air
exchangeate. The air is pushed from the enclosure through perimeter low wall slots

(Table 2).
Table 2
HEPA Fan Speed Air Changes per Hour Air Changes per Minute
High SpeedDoors open) 1613 ACPH 26.9 ACPM
Low Speed (Doors closed) 990 ACPH 16.5 ACPM
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e The device maintained Class 100 (ISO Class 5) air cleanliness conditions within the
asepticenclosure as a result of the airflow patterns and particle coumntder

& 2 LIS NJ dord@iofid(Takie3 and Figure?). There were two excursions beyonid a

cleanliness limits that werebserved during the operational particulate count survey.
One d the excusions occurred aftethe devicearm hit the particle count probeThe
second exarsion cannot beexplained, but occurred by the syringe inlet.

¢FrofS oY hLISNIGAZ2YE & t I NI A OdgudichoBtof/Az dzy 1 & o n
Location Static Dynamic | Dynamic | Dynamic | Dynamic | Dynamic | Dynamic | Dynamic | Average
Count#1 | Count#2 | Count#3 | Count#4 | Count#5 | Count#6 | Count#7 ofall 7
counts
1 0 4 3 23 355(a) 26 39 14 18
2 0 13 2 5 10 1 0 0 4
3 1 36 121 56 12 24 68 0 45
4 0 1 83 30 14 23 60 0 30
5 2 7 31 96 16 15 0 0 24
6 1 22 40 3 9 1 16 0 13
7 0 2 (b) 1 77 22 11 13 0 21
8 0 0 2 1 7 22 0 0 5
9 0 1 0 1 0 0 13 0 2
10 0 2 5 3 0 2 8 0 3
a) Devicearm hit particle count probe
b) Reloaded syringes
Figure2d h LISNJ GA2y It é tINIAOES /2dzyd ¢Sad t2and)

e As a result of the airflow patterns and particle coudtsingd I-Ni5 a { ¢
device maintainedClass 100 (ISO Class 5) air cleanliness conditions within the aseptic
enclosure with the doorslosed; it failed to maintain this standard when both front
doors open (Tabld and Figure8) dueto air refluxing.

Ohg RA (A 2
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Right Right
Both Both Front | Both Front Front Front Left .
Side Back
T_e_st Front Doors Doors Door Door Front Door Door
Positions Doors Open, Bag | Open, Bag Open, Open, Door Open Open
Closed Pan Out Pan In Bag Pan Bag Pan Open
Out In
1 1 1125 422 55 26 539 5 18
2 0 496 101 75 18 19 0 0
3 0 1280 120 88 73 22 4 0
4 0 447 79 89 19 3 0 0
5 0 254 44 65 19 3 0 0
6 0 128 50 48 13 3 0 0
7 0 140 57 58 28 4 0 0
8 0 290 73 63 11 1 0 9
9 0 322 152 2 1 9 0 0
10 0 28 19 19 10 1 0 0
MC* - - - 16 0 0 0 0
B1 - 276 - 18 - - - -
B2 - 635 - 72 - - -
B3 - 330 - 95 - - - -
Ambient 22,259 14,111 14,111 12,616 12,992 | 11,837 | 18,670 | 10,933
warehouse
air
* Motorized cannula
Figure3:a !-RBa ¢ t I NGIAOES /2dzyd ¢Said t2airdAzya
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e The device raintains positive pressure HEHKered airflow relative to the surroundg
ambientenvironment. All entrance and exit ports maintain a positive ftaviward,
eliminating ingress gbarticulates into the interior of the device. This applegy with
all access doors closgoncefront access doors are opened, an intrusion of ambient air
was observed.

e The device provides insufficient airflow patterns and/or physical barriers to allow
operatoringress and egress from ambient conditions whethldfront doorswere
opened. In all operationahodes, to service or supply the device, one must don
appropriae personal protective equipmergbair net, beard cover [as needed], mask,
gown and glove that are disinfected with 70%opropyl alcohol), closéne device doors
andallow for ade@ate air exchanges and recovéapproximately 12 minutes) to
ensure I1SO Class 5 air cleanliness levels. When both front @@ opened by the
operator for any type of intervention, the op&tor should reject all atisksyringes due
to the potential of sterility failure.

ENGINEERING CONTROL SUMMARY

h@dSNIff> GKS RSOAOS YSUG 2NJ SEOSSRD&owY | ydzF I O
summarizes theerformance characteristics of the device:

e The automation deck reives HEPAltered air with 16.5 to 26.9 aiexchanges per
minute. Airflow is adequate and within spiications over critical parts.

e The automation deck maintains positive pressure relative to ambient air that was
sufficient toprevent influx of particle from any portalseven during direct challenge.

e The automation deck maintains ISO Class 5 conditions under normal operations except
whenboth front doors are opened. With the perimeter barrier access doors closed, the
unidirectionalairflow and positivgoressurization protected the critical zonesa@ this
barrier is compromised.e., both front doors open) unidirectional airflow compromised
by ambient intrusion was seeifihis was also evident in the smoke test results and
particulate resits. To addres this conditionFHT issue&ervice Bulletin No. 206006.

¢ When user interventions are required, the aseptic conditions within the automation
deck (aseptienclosure) are maintained best whelmet side or back doors are used.

o |If a front or side door mustédopened, acceptable conditions are maintained as long as
only onedoor is opened (preferably the front right door).-Ask syringessyringes on
the automation dialvith uncapped tips) can be accepted as long as the interveniin d
not otherwise jeoparize thesterility of the syringe.

e Smoke studies revealed areas of turbulence at the periphery of the deck. Smoke studies
indicatecomplete clearance of the cabinet approximatelye minute after closing the
front doors.

METHOD B ASEPTIC MEDIA FILL RREESS SIMULATION TESTING

The current and proposed revisions of USP Chapter <797> require aseptic technique media fill
testing forpersonnel. The chapter does not have a specific requirement for conducting an
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aseptic process simulatidest of compoundingequipment. All personnel should be capable of
demonstrating proper aseptiechnique while using equipment in a primary engineering
control.

Since media fills are one of the most useful methods for evaluating the capabilities of an
asepticprocessing opetion, a media fill was designed that simulates those typically expected
of manufacturerswith aseptic line operations. It represented filling microbial growth media,
TSB fothree consecutive days. The test was therefore designed to produce approximately
10,000 media filkyringes over a threday period. Additionally, a represenieae production

batch (of 0.9%adium chloride gringes) was prepared and subjected to gmadduct sterility
testing in accordance with theequirements of USP <71>. The routuser intervention
procedures incorporated into this processnulation test involved the operation of IntelliFill

I.v. inreservoir modehat included the following

activities:

¢ Dalily cleaning of the automation deck portion of the device

Initial setup andeplacement of banded syringes

Initial setup and replacement of bulk solution reservoir containers

Initial setup and replacement of labels

Removal of labels from the printer to recover from label acquisition errors
Replacement of syringes that fall off tseale mast or misalign with automation deck

Only commercially available, psterilized products were used during the media fill. (Table 5)

Table 5: Aseptic Media Fill Supplies

Manufacturer Product Name Size Order Number Lot Number Expiration Date
. Tryptic Soy
Hardy Diagnostcs Broth (TSB) bag 700 mL HVB1 07011 1/11/2008
QI Medical Gro'\é'gg TSB 500mL GM5000 060194 8/1/2008
10 mL Terumo
syringes, FHT 100727 6J252 N/A
FHT Inc. banded and 12 mL 6K172 N/A
capped
Empty sterile 60
B.Braun | ML Syringaised N/A 02H2882025 8/2007
for priming fluid
line
5 -
B. Braun 0.9% Sodium | 54 1 N/A J6L624 3/2009
Chloride bag
Generic70%
Target Corp. Isopropy! 946 mL N/A 7BF0195 2/2009
Alcohol bottle

All lots of microbiological growth méal(TSB) used in the study were subjected to the USP
GrowthPromotion Tests according to USP Chapter <71> to ensuréhatedia was capable
of supportingmicrobial growth before the start of the media fill and after all TSBggs
completed their 14dayincubation period.
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Sample from each lot of media, 0.9% sodiutiaride, 70% isopropy! alcohol and sterilized
bandedand-capped syringes were sent to an independent microbiology lab and sterility tested
using theMembrane Filtration method detailed IdSP 3INF 25, Chapter <71>: Sterility Tests

as part of thisvalidation. All products used in this study tested negative for microbial growth.
The Terumo syringesere banded and capped by FHT and sent out for sterilization via gamma
radiation. Copies ddterilization certificates were obtained for the syringes.

During the media fiJtthe TSBhagswere spiked and hung via serial connection of five bags
using an FHT 53et (FHT1001) connected to an FEktension Set (FHT1024). A sterile Braun
60 mL syringavasused to prime the tubing prior to the start of each fill.

The small bag size of the TSB (700 mL) forced scheduled operator interventions at a rate more
frequentthan would be experienced during normal higblume operations (D00 mL source
containerg, approximately every 800 to,000 syringes.

Syringes used with this device are gamma sterilized and provided capped and sterile ir double
wrappedbags of 25@nitsby FHT. The syringes are banded together and loaded through the
syringe portal into thdilling area. Syringes progress around an indexing dial and are de
capped, filled, recapped, labeled anthen severed from the band. Every tenth syringe was
weighed to spotcheck filling. The volume of thESB syringes was 3 mL. Replacement of any
syringeband represented a scheduled intervention into thiéng area through the side door.

Labels were printed immediately after the filled syringe wasapped within the device.
Labels used othe syringes are provided in rolls of approximate @ units. Replacement of
the labels was required at leasix times dumng the preparation of the medifll syringes and
represented another scheduled interventiamto the filling area.

t SNJ 6KS YIydzFlFI O dzZNBENRa NBO2 YYSyYRIcetbalythe RA & LJ
device wagleaned daily using manufactureecommended techniques and 70% isopropyl

alcohol. The operatingoftware for the device contaireutilities for acquiring mediill

syringe records and recording mediaallenge results. It was ¢nefore configured to

automatially create a list of the mediehallenge syringegrepared on the device and capture

the results of the reading of those syringes.

ASEPTIC MEDIA FILL OR PROCESS SIMULATION TESTING RESULTS

A media fill test or process sination test may allow for a quantitative estimate of the
contaminationrates during aseptic processing. It is only a pairime representation of the
capabilities of an aseptrocessing system that includes factors from the environment,
equipment, proedures and personnel. fftoes not ensure that preparations produced at other
times will have the same microbiological qualidowever, through control and verification of
all related processes (environmental monitoring, aseqtialification of personnelgarbing

and cleaning) during subsequent CSP filling cycles, it is possihbaritain the level of aseptic
control demonstrated during the process simulation té&st.
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The duration and number of the media fills represented the performance of the device

operatorunderd 6 2-RB & S¢ O2yRAUGAZ2Yyad O0¢Fo6fS co
Table 6:Aseptic Media-Fill Production Diary
Time . . Number of Syringes
Date Media Fill -IE:IrIn gtgﬂeci;g OHOeL:;stgn S ’;Ii%mé)selziﬁz q Sent for Sterility
Started PP P yring Testing
50 syringes
Day 1: ) ) 9 hours 4,239¢ 3 mL .
April 16, D07 10:20 am | 8:09 pm 39 minutes TSB First 25 'and last 25
syringes
75 syringes
Day 2 ] i 14 hours 5,113¢3mL . .
April 17, 2007 8:55 am 11:24 pm 29 minutes TSB First 25, 25 m|.dday
andlast 25 syringes
50 syringesTSB
1,145¢ 3 mlL First 25 and last 25
Day 3: 10 hours TSB syringes
April 18, 2007 8:06am 7:35pm 41 minutes 2 020¢ 2 mL 50 syringesSaline
0evs First 25 and last 25
Saline .
syringes

One hundred and severdyve (175) filled TSB syringes were sent to a licensed maiogyi
laboratory(MSI, Houston, Texdudtp://www.microbiologyspecialists.coifor sterility testing.

These syringes wet@ken at the start of each medi A { €

RI &

NXzy |y R

l.:.l

production. The purpostor performing the sterility testofi KS F A N&
production was to verify that thdevice was cleaned properly and set up asepticétly last

25 syringes were used to verifyatasepticintegrity of the device was still intact and that the
device had not been contamited during productionAlthough contamination of the indexing
wheel could be transient, this test was done as a complemettigaesults of the media fill at
the end of 14 days of incubation.

aeNAy3ASa

The first 25 syringes taken on Day 1 were from syringes tihteen on the device from the
day beforeand were tested to ensure that syringes can be exposed to ambient air without

contamination.

The remaining filled syringes were stored in a room that was maintained betweenadd

90°F (28.9Cand 32.2C); a tenperature recorder maintained a record of temperatures. Each
syringe wasndependently visually inspected for turbidity or other signs of contamination after
14 days by mFHTemployee and the author. Three TSB syringes were found without caps
during visualnspection but werestill clear. The caps are believed to have fallen off the
syringe during incubation or during the visuapection of the syringes.

At the end of the 14ay incubation period, twentfive (25) additional syringes from each

R I gm@duction were sent to the lab for growth promotion testing. The purpose of
performing a growtlpromotion test after the 14day incubation period was to verify that the
media was still capable stipporting microbial growth. All of the pestcubation media
syringes supported the growth of thmicroorganisms specified in USRISB 25 Chapter <71>.
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The following organisms were inoculated irgach lot of media to verify that the media was
capable of growth.

e Staphylococcus auredsl CC #6538good growth at Iday at 35C

e Bacillus subtii&TCC #6638good growth at 1 day at 3&

e Pseudomonas aeroginogd CC #9027 good growth at 1 day at 3&
e Clostridium sporogenesTCC #1940dgood growth at 3 days at 36
e Candida albicanATCC #1023d.good growth at 4 dayat 28°C

e Aspergillus nigeMSI isolate; good growth at 5 days at 28

SIMILATED PHARMACY COMPOUNDING BATCH RUN

This device is used to prepare a number of different medications and solutions delivered via
syringe. On®f the more common solutionsliedis 0.9% sodiumhdoride, used for flushing
catheters.

A total 0f2,020 syringes containing 0.9% sodiumocide 2 mL were prepared immediately
after the completion of the media fill on Day 3. Prior to the start of the saline compounding
batch run, all preioussupplies and tubing @re removed, the device was cleaned and new a
saline source container and settabing were installed and used to compound this batch of
syringes.

The 0.9% sodiumhtoride bags were spiked and hung via serial connection obfigs using
an FHB:1 Set (FHT1001) connected to an FHT Extesgb(FHT1024). A sterB8raun 60
mL syringevas used to prime the tubing prior to the start of each fill.

The first twentyfive (25) syringes and last 25 syringes (a total of fifty ggghof the saline
batch runwere sent to the laboratory for sterility testing using the Membrane Filtration
method specified in USFO-NF 25, Chapter <71>: Sterility Tests. The contents of the saline
syringes were found to be sterile aftan incubation priod of fourteen (14) days.

¢CKS o0lFGOK 2F altAyS aeNAy3ISa gSNB | RRSR 2y i
scenarioof filling two different solutions via reservoir mode and performing all of the
necessary cleaning arsgtup procedureswecessfully without any contamination.

METHOD ¢ MICROBIAL ENVIRONMENTAL AIR SAMPLING TESTING

During each day of the aseptic media fill and saline syringe preparation, microbial air sampling
wasperformed using volumetric air samplers (SAS 180, Biaseiknernational, Inc.
http://www.biosciintl.com/index.htm). Tryptic Soy Agar (TSA) and Malt Extract Agar (MEA)
plates prepared by BBiere used at each testing interval. The media had been qualified by
MSI, Inc. prior to use. The airflowtbe SAS 180oclumetric air samplers was calibrated daily.

A negative field control and an ambient aample were taken on each testing day. A total of
1,000 liters of air wre sampled, at approximately 18fers of air per minute for
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approximately 6 minuteduring eaxh sampling. The following graphic (Figdjend (Table 7)
notesthe locations of the sampling and details of the lots used.

Figure 4

Table 7: Environmental Monitoring Supply and Equipment List

Manufacturer Name Lot Expiration
A . 07-G09813
Bioscience Internatioria SAS 180 07-C09811 N/A
. 515422 4/23/2007
BBL Tryptic Soy Agar (TSA) Plates 325616 5/23/2007
BBL Malt Extract Agar (MEA) Plates 519121 5/3/2007

MICROBIAL ENVIRONMENTAL AIR SAMPLING TESTING RESULTS

The resultof the air sampling collected using the volumetric method of collection along with
activity, temperatureand humidity at the collection location were recorded (Table 8). Each day
of testing, a fielccontrol (negative control) and an ambient air samplegjpwe control) were

collected.
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Table 8: Air Sampling Results

Sample Temperature Flow

Day and Location Activity (F) and Rate Results Organism

Time RH%

Field Control o 0 No
Day 1 (negative control) None 76.6°F| 37% | N/A growth N/A
AmbientAir(in o o | 1,000 3 | 23 bacteria

Day 1 warehause) None 79.8°F| 37% liters 43 cfu/m & 20 mold
Day 1o Location A Start of batch 76.6°F| 33% | 90| 1 crum? 1 mold
10:15 am liters

D.ay 1c Location B Start of batch 77.8° F| 33% | 1099 | <1 cfumt N/A
10:15 am liters

Df”‘y 1c Loation A After media bag change| 78.8° F| 30% L0001 crumt N/A
12:30 pm liters

Day i Location B After TSB bags changeq 76.5° F| 30% | =000 | <1 cfu/n? N/A
12:30 pm liters

Day 1c Location A After TSB bags changeq 76°F | 36% LO0O g eyynf N/A
5:30 pm liters

E?ay 1c Location B After media bag changeq 77°F | 38% L0001y syt N/A
5:30 pm liters

Field Control No
o 0
Day 2 (negative control) None 77.2°F| 35% | N/A growth N/A
AmbientAir(in o o | 1,000 3 | 34 bacteria

Day 2 warehouse) None 77.2°F| 35% liters 61 cfu/m & 27 mold
D.ay 26 Location A Start of TSB batch | 73.9°F| 37% | 2999 | 1 cfusm? 1 mold
8:45 am liters

Day 2¢ Location B Start of TSB batch | 74.2°F| 379% | 2090 | 1 cfum® | 1 mold
8:45 am liters

E?ay % Location A After media bag changeg 82.4° F| 28% 1.’000 <1 cb/m?® N/A
1:30 pm liters

[?ay 2 Location B After media bag changeg 80.5° F| 28% 1,000 <1 cfu/n? N/A
1:30 pm liters

D.ay % Location A After media bag changeg 73.9° F| 34% 1.’000 <1 cfu/n? N/A
6:00 pm liters

D.ay % Location B After media bag changeg 74.6° F| 34% 1.’000 <1 cfu/nt N/A
6:00 pm liters
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Sample Temperature Flow

Day and Location Activity (F) and Rate Results Organism

Time RH%

Field Control o o No
Day 3 (negative control) None 79°F | 35% | N/A growth N/A
AmbientAir (in R o | 1,000 3 | 14 bacteria

Day 3 warehouse) None 797F | 35% liters 82cfu/m & 18 mold
D_ay 5 Location A Start of TSB batch* | 77.4° F| 36% 1.’000 2 cfu/m® 2 bacteria
8:45 am liters

D_ay o Location B Start of TSB batch* | 77.6° F| 41% 1.’000 7 cfu/m® 7 bacteria
8:45 am liters

Day 3 Location A Endof TSBdich | 80.5° F| 35% | 2990 | 2 cfum® | 2 bacteria
12:00 pm liters

Day 3¢ Location B End of TSB batch | 80.7° F| 38% | 2%%° | 1cfum® | 1 mold
12:00 pm liters

F)ay 3 Location A Start of saline batch and 76°F | 36% 1.,000 <1 cfu/n? N/A
2:00 pm bag change liters

E?ay 3 Location B Start of saline batch and 772 | 38% 1_,000 <1 cfu/n? N/A
2:00 pm bag change liters

D_ay o Location A After saline bag changey 77.3° F| 33% 1000 | g st N/A
7:00 pm liters

D_ay 3 Location B After saline bag changeg 78.6° F| 33% 1.’000 <lcfu/m® N/A
7:00 pm liters

* The operator opened both front doors of the device during sampling to clear jammed labels samipng.

MICROBIAL ENVIRONMENTAL AIR SAMPLING TESTING RESULTS

During the aseptic processing, microbiological air sampling was performed anektlits
demonstratethat the device maintained the desired level of air cleanliness expected of ISO
Class ®ngineering controls. The methods used to perform MEM testing met or exceeded
those in the proposedevisions of USP Chapter <797>.

Using the Actio Levels (Counts) of Microbial ColeRgrming Units (cfu) per Cubic Meter of Air

(using slitto-agar samphg or equivalent) from the FDA Aseptic Guidance Document for Sterile
DrugProducts Produced by Aseptic Processing and USP Chapter <1116> Micicddiologi
Evaluatonof f SI yNR2Ya YR hUKSNJI/2yiGNRftSR 9y JANE
for the ISO Classeémvironment was below the suggested alert levels, except during an

intervention that required an operatao open the front doors of the mache to clear a label

jam (Table 8). Ideally, any microbiologieal/ironmental monitoring performed will develop

specific alert and action levels based on actual trencleddata from the facility.

Table 9: Recommended CFU Counts for Volumetric Air Samples
Classification ISO Class 5 ISO Class 7 ISO Class 8
Volumetric Air Sample* <3 cfu <20cfu <100 cfu
* Per 1000 L (1 cubic meter of air) sampled air
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EVALUATION OF OPERATOR INTERVENTIONS, GARBING AND CLEANINC
PROCEDURES

In addition to the engineering odrol, aseptic processing with media and saline and the
environmental ailsampling, the impact of operator intervention during device setup, syringe
production and related materidlandling procedures along with garbing and cleaning
procedures were evaluatl. Since the device requires a nominal amount of human operator
intervention during device setup, syringeoduction and related material handling
procedures, these actions were observed by the author. Edterent operators were
observed interacting Wi the device over the three days of testing and unwacceptable
employee behaviors were observed. The outcome of the media fills and saline sterility test
effect verified that the operator behaviors with the machine were appropriate. The FHT
cleaningpolicies and procedures were evaluated by the company during an earlier study and
were not part of thisstudy.

DISCUSSION

It is a routine practice in the pharmaceutical industry that any initial equipment qualification
requiresthree successful processrsilation tests. ISO 13408 ¢! aSLIIA O t NP OSa.
Care ProductPartmY DSY SN} f wSIljdZANBYSyGaés ! daAdzad mX
simulation fills of at least 3,00@er run!’The batch size of the process simulation tests

conducted withthe FHT device was designedmamic typical customer batch sizes

(approximately 3,000 units) and was consistent with typical prosesslation batch sizes of
pharmaceutical manufacturers that run conventional batch sizes between 209000,000

units per batch™

One of the prevalent techniques used during process simulation tests at the pharmaceutical
manufacturingg S@St Aa (KS SOLBSeYSPSYy?NAEGOPNEES dza
situations are intended tprovide a greater challenge thé equipment and process being

tested. If, under the circumstances of thieg 2- 0B & S¢ OKI f £ Sy3Sz | OOS LI
achieved, then there is a greater confidence in the reliabiiftthe system under more normal
situations?®

Once the robustness ofaptic processing equipment has been demonstrated with growth
media, the nexfjuestion that needs to be addressed is if the data can be used to extend the
beyonduse dating of CSPGne of the proposed revisions to USP Chapter <797> approved by
the 20062005 Sterile CompoundinGommitteemembers, published on the USReB&ite in

March 2005, stated:

The preadministration storage durations and temperature limits apply in the absence of
resultsfrom (1) sterility testing, or (2) appropriate repeated or roatsimulation

testing, e.g., adequatenediafill tests or CSPs prepared identically with TSB (see Sterility
Tests <71>), that justifidgnger storage durations for specific CSPs prepared in specific
ISO Class 5 (see Table 1) sougespecific personnel.
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This proposed revision was abandoned because of the unpredictability of human operators
performingmanual aseptic procedures. Since aseptic technique by manual compounding
means is highly dependenn the attitude, motivationand compliance of théhuman
compounder, the results of media fills could not usecxirapolate CSP sterility.

The media fill, saline batch run and microbiological data demonstrate that the IntelliFill i.v.
device is an aseptic filling device capable of maintaining robust aseptic conditions in
conditions that should not, nor would not, be employed in routine pharmacy practices.

The incorporation of a small media fill (25 TSB syringes) after each batch run would verify that
the aseptic conditions of device after use and the fgloperation was still intact and would be
more indicative of the actual aseptic conditions of the devices in practice versus a sterility test.
Because of théimitations of sterility testing, this alteative method identifies a batehpecific
release tesand checkespecially as automation introduced into practice minimizes or
eliminates the dependence of the fallibiliof human aseptic technique. These syringes shall

be incubated for 14 days and visually inspected olaily basis. The sterility of a E8oes not
preclude the consideration for the chemical stability of thedication being filled. Beyord

use dating (BUD) is assigned to CSPs based on both chemical stadilitycrobial sterility.

The BUD must always be the shorter of either the chensieddility or microbiakterility, and

should not to exceed 90 days.

SUMMARY

Contamination from personnel is known to pose the greatest risk to the sterility of'€'8Ps
and the focus of any advanced compounding technology must bentove them as &actor
whenever possible. No automated compounding devices (ACDSs) in pisarimacies prior to
this evaluation have been validated to show aseptic reliability and reproduciildgr either
intended-use or worstcase conditions. In an effort to improy&armacy practices using
evidencebased science, the results of this study could serve as a template for improved
methods ofaseptic processing.

The worstcase challenge of this device and its corollary processes occurred while performing
prolongedmediafill challenges in an uncontrolled environment (a company warehouse in
Florida with significandirborne microbial contamination) where the components remained in
the processing area faxtended periods and where both growth media and saline were filled
over multiple days. The results thfe media fill and saline sterility testing suggest that the
device can be used in uncontrolled conditioneyever, the marginal but acceptable results
from the device certification testing suggests that it woulddestbe used within a controlled
environment (at least ISO 7 Class) to eliminate any possible contriduionenvironmental
contamination.

Because of the number of the TSB media syringes that were filled, statistically the aseptic

compoundingcapability of he device during the test was 0.02% or 2 in 10,000 CSPs
contaminated.The FHT, Inciser population reportd a total of 24,836 media fill syringes
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produced between Novembelr5, 2005 and November 17, 2006 without reported
contamination.

The outcomes of stlies conducted by pharmacists and technicians performing aseptic media
fills usingvarious methods in ISO Class 5 primary engineering controls in both cleanrooms and
uncontrolled areatave been published as being between 0.3% and 5'2%is would

trandate into an equivalent rate afontamination of approximately 520 contaminated CSPs

per 10,000 CSPs at its highest rate.

As stated earlier in the paper, through the use of groywtbhmoting microbiological media in
processsimulations, a very rigorous clenge of the process is achievé@®ased on design,
executionandresults of three different and challenging tests (engineering control
performance testing, processmulation with growth media and microbiological
environmental monitoring), the IntellifFi.v. devicdas a capable aseptic compounding device,
when used properly by trained personnel and in accordamite FHT policies and procedures.
Because of the robustness of the aseptic processing capability aftdleFill i.v. device, the
use of pat-batch media fills to verify the aseptic processing capability of eatth would
eliminate the need for sterility testing by other insensitive means. This processinvatated
during the study through the sterility testing of the first and last 25mgyas of each batch. In
order to extend the beyondise dating of CSPs, USP Chapter <797> requires a sterility test
according toUSP Chapter <71>. The data from the media fill of the TSB syringes and the
sterility testing of both thelT SB and saline syringgsmonstrated the robustness of the device
with personnel operating the device atcordance with FHT policies and procedures when
using commercially available sterile source solutions.

The author would like to thank Scott VW Sutton, PhD for his re¥itvisarticle. This study

was funded by ForHealth Technologies, (now FHT, Inc.). FHT, Inc. is a wholly owned
subsidiary of Baxa Corporation.
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