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SUMMARY

Background: Administration of parenteral doses with microbiahtamination can lead to
infective morbidity or death.

Aim: To test whether aseptic preparation of parentersd¢s or additives to sterile doses
undertaken in dedicated pharmaceutical rather ¢haical environments reduces the risk of
microbial dose contamination.

Methods: Data identified from a systematic review were exadiusing random effects
meta-analyses, aridests were used to compare dose contaminationdreyes.

Findings: In all, 16,552 doses from 34 studies (33 recordsevdentified. For all the data
combined there was a significantly higher frequesicyontamination of doses prepared in
clinical than in pharmaceutical environments {3.[@%% confidence interval (Cl): 2.2, 6.2;
N = 10,272 doses] vs 0.5% (95% CI: 0.1, IN6; 6280 dosesP = 0.007}. Contamination of
doses was significantly higher when prepared asiohaal lots than as part of a batch in
pharmaceutical environments [2.1% (95% CI: 0.7, H.8 168 doses) vs 0.2% (95% CI: 0.1,
0.9;N =6112 dosesP = 0.002]. There was a significantly higher freqeyenf dose
contamination if additions were made to sterileepégral doses in clinical environments [risk
ratio: 2.121 (95% CI: 1.093, 4.114);= 0.026]. The overall quality of the studies wadged
to be low.



Conclusion: Reported rates of parenteral dose contaminatior weters of magnitude
higher than accepted reference standards, whichmiegase infection risk. The limited
evidence on contamination rates supports dose @te@ain pharmaceutical rather than
clinical environments, and does not support batelpgration in clinical environments.
Keywords:
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Introduction

Administration of a parenteral dose with microlwahtamination may result in
infective morbidity and death. Recent examplesuidel postoperative sepsis after inadequate
aseptic handling of intravenous anaesthetic; l6sssmn or further surgery due to
endophthalmitis as a consequence of contaminatevitneal injections in the USA; an
outbreak of bloodstream infections requiring witiwlal of relevant stock due to
contaminated intravenous analgesia in Taiwan; @&adhd in newborns as a consequence of
contaminated parenteral nutrition in France and ke This means it is important to
implement safe procedures in routine practice éwgnt inadvertent microbial dose
contamination. For example, the risk of contamiorais expected to be lower when
procedures are undertaken in an environment wiblvalensity of microbes than one with a
high density. Therefore, it is often recommendethtve aseptic preparation of parenteral
doses away from a clinical environment (with a leiglensity of microbes) into a specially
designed pharmaceutical environment [with a logsdarsity of microbes (and particulates)]
in line with recognized standards operating in ¢oes such as the USA or the UK.For
example, in the immediate area used to prepareteaat medicines there could be more than
90 times the number of colony-forming units falliog to a 90 mm diameter trypticase soy
agar plate in a 4 h period in a clinical environtrian is allowed by the standards applied to
pharmaceutical environments in some countrféBhe use of a pharmaceutical environment
is particularly important in the preparation ofdfatioses, which carry the risk of
contaminating multiple lots of individual dosesdamhere there is likely to be a period of
storage before administration to patients. Howesiace pharmaceutical environments
meeting recognized standards for aseptic dose a@aare costly and require operational
expertise that may not always be readily availabiey are not always used. Therefore, there

is a need to balance the advantages and disadeardéthe procedures and the environments
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in which they are undertaken in order to obtaindésirable effects in routine clinical
practice.

In 2009 we published a systematic review with negtalysis to summarize published
frequencies of contamination of parenteral dosepared in clinical and pharmaceutical
environments under aseptic technigti@his provided some evidence favouring dose
preparation in the pharmaceutical environmenttheiconclusions were weakened by the
small number of studies which were generally of bpvality. It is possible that some earlier
studies may have been missed because the initialreised only one database search engine
(PubMed from 1947 onwards). Since our review, asimrable amount of new information
has become available which needs to be incorpomatedhe analyses. In the meantime,
clinical concern about methods to reduce morbiditgt cost due to infections has been
increasing. For example, an international initiathas sought to rationalize and harmonize
standards for aseptic preparation of parenterasittsoughout Europ&* It is clear that the
existing evidence base needs to be reviewed, uhdate clarified by providing a more
precise definition of the pharmaceutical environtiéFherefore, the aim of this study was to
clarify and extend the evidence base to addres®Hiogving three hypotheses: one, the risk
of infective contamination is different for aseppieparation in a clinical and pharmaceutical
environment; two, the risk is also different foepsc preparation of individual and batch
doses within the same type of environment; ancethhee risk is different for additives rather
than no additives to sterile doses prior to adriai®n. We also sought to consider future
research needs in light of the current evidence.bas
Methods

The literature search was undertaken on 10 Feb@exrg with a wider protocol than
that undertaken by the previous reviélhe present literature search used an additional
search term, truncated search terms, and comhmatithree search terms only if more than
5000 results were returned for any two search tammbination. Three databases were used
for all available years: Medline from 1946 onwausing OvidSP; Embase from 1947
onwards using OvidSP; and the Cochrane LibraryerAfits were made to identify further
papers by hand searching.

The literature search included studies that invebivecrobial contamination with
bacteria and/or fungi. The studies involved pref@naof doses for parenteral administration
to patients prepared under aseptic techniquesidimgd simulation studies. Studies were
excluded if they were not reported in the Englaguage, if they only involved animals, or
if they reported the rate of contamination of irdtesstock (an infusate in a single container

used to prepare multiple doses) rather than aotusimulated prepared doses (for example,
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contamination of multi-dose vials after repeatee)uStudies were also excluded if they
involved the use of blood or a blood componenhdfre was freezing/thawing of prepared
doses, or if there was reuse of equipment durirsg ghoeparation (except when used in the
preparation of a single batch). For an environnewgfualify as a pharmaceutical environment
the recognized standard of the cabinet in whicldtiees were prepared and the room in
which that cabinet was situated had to be speaifiede record (journal article). When a
single record reported more than one outcome,famg@le when using different preparation
environments, each outcome was included as a sesualy. Consistent data within the
same record were combined only if whole groupsaté @ould be combined.

The search terms (including variations and trurccégems) and number of results are
shown in Table I. In brief, each of four searcmtgmwas combined with each of four further
search terms, unless a combination returned mare3000 results, in which case a third
search term was added in an attempt to captunadisé relevant results. It can be seen from
Table I that a third search term was required va diccasions. Additional papers were sought
through cross-referencing and discussion with ggperthe field.

The literature search identified 42,246 recordsg8Z from Medline, 20,824 from
Embase and 3760 from the Cochrane Library) and2P8after duplicates had been removed.
The title and abstract (if necessary and accegsbleach of the 28,020 identified records
was evaluated and excluded if it did not meet theva inclusion criteria. This left 137
records, which were individually subjected to d fekt review to confirm relevance and
compliance with the above criteria to yield a fitathl of 34 studies from 33 recorti¥ *?

Each of the final 19 studies from 17 records idesdtiin our 2009 search were identified in

the present search but five of those studies fiaum fecords were excluded due to inadequate
and/or inadequately described pharmaceutical emvigmts’*21416:1822.24.33.36.437 Th o
methodological stages of the search are showrgur&il. As previously, the included studies
were divided into groups according to whether dese® prepared in a clinical or
pharmaceutical environment (hypothesis 1), whetloses had been prepared as individual
lots or as part of a batch (hypothesis 2), and dradoses had been sampled without or
before administration or during or after administna to a patient (due to a risk of
contamination from manipulations after preparatod potential differences in time between
preparation and sampling which may have affectedwery of damaged microbial celfs).
Doses were considered to be either contaminatadtazontaminated without any attempt to
identify the density of any micro-organisms presém types of micro-organisms, where

these were reported, are briefly summarized.



Two of the authors (P.D.A.and K.S.H.) independeasisessed the quality of the
included studies using the GRADE system with subeetidiscussion to resolve any
disagreemerit*° The recommendations of the UK National Health BerCentre for
Reviews and Dissemination (CRD) and Cochrane alsas¢he PRISMA guidelines for
reporting systematic reviews were considered attafjes during this review.>?

Statistical analysis

The point estimate, standard error and 95% condel@mterval for the contamination
rate of each separate group was obtained by lbgaiagt(logit) transformation. When there
was zero contamination in a group, a value of @riaminated doses was used to overcome
the mathematical difficulties associated with latemic transformation (the lagof zero is
minus infinity). Data amalgamation and the metalym®s were undertaken using a random
effects model and the software Comprehensive Metyis version 2 (Biostat, Englewood,
NJ, USA). One-group meta-analyses were used foothgses 1 and 2 and a two-group meta-
analysis was used for hypothesis 3 due to the eatiuthe available studies. The random
effects model was chosen because of the clinidatdgeneity of the studies, but tfe
statistic is also presented. Comparisons betwemmpgneans were undertaken using unpaired
t-tests, with a two-taile® < 0.05 considered statistically significant.

Results
Quiality of studies

For the purpose of this review, both raters graalkedf the included studies as low to
very low quality, with three disagreements withiese categories. After discussion, the
majority of the studies were graded as low qualitynarily because they were non-
randomized, and four studies were graded as varylality primarily due to small sample
size and limited procedural detail and high conteation rate®3#3¢4°
Overview of the rate of contamination of doses areg in clinical and pharmaceutical
environments

A grand total of 16,552 doses eligible for inclusigere identified from 34 studies
taken from 33 records, which are summarized in @ #5t** The single record identified
through other sources in our previous review wastified by the present literature seatch.
Excluding control groups, this represents an irege# 133% in the number of doses (16,552
vs 7101), 79% in the number of studies (34 vs 489, 94% in the number of records (33 vs
17) from the 2009 revieWw!f the five studies not meeting the inclusion i of the present
review are withdrawn from the first review, thesean increase of 173% in the number of
doses (16,552 vs 6074), 143% in the number of asu@4 vs 14), and 154% in the number of
records (33 vs 13).



Of the total 33 records, only seven involved heattdad comparisons. One record
compared batch doses and individual lots in acdirenvironment and six records compared
additives and no additives to sterile doses iriracall environment?>1821:28:29.35

Figure 2 shows the forest plot obtained when algstudy data were combined in a
meta-analysis grouped according to environmentr(pheeutical or clinical) and type of dose
preparation (individual or batch). The majority ¥9yof the doses that had been prepared as
individual lots in clinical environment®N(= 4141) had been sampled during or after
administration, and all of the other doses had lsaempled without or prior to administration.
When only the 4141 doses prepared as individuglitotlinical environments were included
there was a non-significantly higher frequencyaftamination of doses sampled without or
prior to administration than during or after admtration [5.3% (95% CI: 2.7, 10.8; = 3889
doses) I? = 93.07%:P < 0.001) vs 2.3% (95% CI: 0.5, 10N.= 252 doses){ = 56.45%P
=0.101);P = 0.314].

Nineteen of the 22 studies with contamination regabthe type of
microbg®13-14.1619.21-24.2733.35.394L493n hharmaceutical environments this was limited to
coagulase-negative staphylococci (includBtgphylococcus epidermigiigacillusspp., and
Propionibacteriumspp®’° The same microbes were identified in clinical eowiments,
where more pathogenic microbes were also fountydimg Staphylococcus aureuSerratia
marcescenKlebsiellaspp.,Enterobacterspp., and fungi (includinGandida
Spp-):'I.3,14,16,19,2424,27,2931,33,35,42
Hypothesis 1: dose preparation in a clinical comgzhto a pharmaceutical environment

Individual and batch doses combined

All identified dosesThe analysis involved 16,552 doses from 34 stu@as
record§'?*%). Of these, 10,272 doses from 27 studies (26 dstbt!0182°:2733,3538.4243 haq
been prepared in clinical environments and 628@slérom seven studies (seven
record$?1726:343%h had been prepared in pharmaceutical environmetien all the data
were combined there was a significantly higherdesgy of contamination of doses prepared
in clinical than in pharmaceutical environment§$8.(95% ClI. 2.2, 6.2\ = 10,272 doses)

(1 = 95.35%;P < 0.001) vs 0.5% (95% CI: 0.1, 118;= 6280 doses){= 69.18%P =
0.003);P = 0.007]. The between-study contamination was naar@ble in the clinical than in
the pharmaceutical environment (range=88.7 vs 0.62.6 respectively).

Doses sampled without or prior to administratidimere were 12,663 doses from 21
studies (21 recorfg13:16.17.12123,2527,30.33.34.382 th5t had been sampled without
administration or prior to administration, of whi6B83 doses from 14 studies (14

§13.161921,23.25.27,30.33.37.38§413d been prepared in clinical environments arg@D@bses
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from seven studies (seven recdfd$2®3*3¥Y had been prepared in pharmaceutical
environments. When all the data were combinedethes a significantly higher frequency of
contamination of doses prepared in clinical thapharmaceutical environments [2.5% (95%
Cl: 1.2, 5.5:n = 6383 doses){ = 95.69%:P < 0.001) vs 0.5% (95% CI: 0.1, 116= 6280
doses) I? = 69.18%:P = 0.003);P = 0.044]. The between-study contamination was more
variable in the clinical than in the pharmaceutmalironment (range: 0-28.4% vs
0.0-2.6% respectively).

Doses sampled during or after administration

It was not possible to compare doses preparelfihical and pharmaceutical
environments that had been sampled during or afterinistration due to lack of data in the
pharmaceutical environment.

Individual doses

All identified dosesThe analysis involved 4309 doses from 18 studi8s (1
recordg*1°17:18:21.22,24.282 35314043 " f these, 4141 doses from 16 studies (16

§415.18,21,22,24,282.3531.43 had been prepared in clinical environments ar&lddses

record
from two studies (two recorfs') had been prepared in pharmaceutical environmétten
all the data were combined, there was a non-samifly higher frequency of contamination
of doses prepared in clinical than in pharmacebéngironments [4.7% (95% CI. 2.5, 8M;
= 4141 doses){ = 91.64%:P < 0.001) vs 2.1% (95% ClI: 0.7, 518;= 168 doses){ =
00.00%;P = 0.856);P = 0.190]. The between-study contamination was mar@ble in the
clinical than in the pharmaceutical environmenh@e 0.255.7% vs 2.02.6% respectively).
Doses sampled without administration or prior taxadistration.There were 420
doses from five studies (five recotd8*°3"*? that had been sampled without administration
or prior to administration, of which 252 doses frtmee studies (three recof6®>% had
been prepared in clinical environments and 168siéreen two studies (two record$d had
been prepared in pharmaceutical environments. Vihi¢he data were combined there was a
non-significantly higher frequency of contaminatmidoses prepared in clinical than in
pharmaceutical environments [2.3% (95% CI: 0.5118.= 252 doses)I{ = 56.45%P =
0.101) vs 2.1% (95% CI: 0.7, 5.8;= 168 doses)I{ = 00.00%: = 0.856);P = 0.923]. The
between-study contamination was more variableerctimical than in the pharmaceutical
environment (range: 0-6.3% vs 2.62.6% respectively).
Doses sampled during or after administratittnwas not possible to compare doses
prepared in clinical and pharmaceutical environmdémat had been sampled during or after

administration due to lack of data in the pharmécalienvironment.



Batch doses

All identified dosesThe analysis involved 12,243 doses from 16 studiés
record§1%13:16:1921,23,25,26,33,34.38.39.41¥25f these, 6131 doses from 11 studies (11
record§1316:1921.23.2533.3892 54 pheen prepared in clinical environments ari®@lbses from
five studies (five record$?°**3°% had been prepared in pharmaceutical environmeévtien
all the data were combined, there was a signifigdngher frequency of contamination of
doses prepared in clinical than in pharmaceuticairenments [point estimate: 2.7% (95%
Cl: 1.1, 6.2:N = 6131 doses){= 96.48%P < 0.001) vs 0.2% (95% ClI: 0.1, 0)9:= 6112
doses) I? = 56.49%:P = 0.056);P < 0.001]. The between-study contamination was more
variable in the clinical than in the pharmaceutmalironment (range: 0-28.4% vs
0.0-2.4% respectively).

Doses sampled without or prior to administrati@ince all of the identified doses had
been sampled without or prior to administrationpenparison of doses prepared in clinical
and pharmaceutical environments that had been sampthout or prior to administration
yields the same results as all of the combined @dtave).

Doses sampled during or after administratittnwas not possible to compare doses
prepared in clinical and pharmaceutical environmdémat had been sampled during or after
administration due to lack of data in either thaichl or pharmaceutical environment.
Hypothesis 2: dose preparation as individual latss part of a batch

Clinical and pharmaceutical environments combined

All identified dosesThe analysis involved 16,552 doses from 34 stu@as
record§'#*%). Of these, 4309 doses from 18 studies (18 retbtuy 18:21:22.24.232.3537.40,43
had been prepared as individual lots and 12,248gdivem 16 studies (16
record§1213.16.191.23,25,26.33,34.38.3941¥% a4 heen prepared as part of a batch. Wheneatlata
were combined there was a significantly higher diestpy of contamination of doses prepared
as individual lots than as part of a batch [4.4%949CI: 2.5%, 7.6%N = 4309 doses){ =
90.77%;P < 0.001) vs 1.3% (95% Cl: 0.5%, 3.0% = 12,243 doses)q{= 96.68;P < 0.001);

P = 0.022]. The between-study contamination was naar@ble for doses prepared as
individual lots than as part of a batch (range-8327% vs 0.628.4% respectively).

Doses sampled without administration or prior tavadistration.There were 12,663
doses from 21 studies (21 recditfs'316:17121.232527.30,33.34.312) that had been sampled
without administration or prior to administratiaf,which 420 doses from five studies (five
recordd”?"*%3"% had been prepared as individual lots and 12,248sifrom 16 studies (16
record§1%1316:1921,23.2526,33,34.38.39.4101 54 heen prepared as part of a batch. Wheneatldta

were combined, there was a non-significantly higheguency of contamination of doses
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prepared as individual lots than as part of a bggont estimate: 2.7% (95% CI: 1.2, 6=
420 doses)It = 28.53%;P = 0.231) vs 1.3% (95% ClI: 0.5, 310;= 12,243 doses){=
96.68%;P < 0.001);P = 0.231]. The between-study contamination was marm&ble for
doses prepared as part of a batch than as indmsgrange: 0.628.4% v 0.66.3%,
respectively).

Doses sampled during or after administratittrwas not possible to compare doses
prepared as individual lots and as part of a bttahhad been sampled during or after
administration due to lack of data for doses pregpas part of a batch.

Clinical environments

All identified dosesThe analysis involved 10,272 doses from 27 stu@és
record§1316.182.2733.3538.4243 ' these, 4141 doses from 16 studies (16
recordg*1°:18:21:22.24.2823537.43 had been prepared as individual lots and 613&gifsem 11

43.16,1921.23,25.333842had been prepared as part of a batch. Wheneall th

studies (11 record
data were combined, there was a non-significanglidr frequency of contamination of
doses prepared as individual lots than as partatteh [4.7% (95% CI: 2.5%, 8.4%;=

4141 doses)It = 91.64%:P < 0.001) vs 2.7% (95% CI: 1.1%, 6.28= 6131 doses){=
96.48%;P < 0.001);P = 0.299]. The between-study contamination was raar@ble for
doses prepared as individual lots than as partatteh (range: 0-55.7% vs 0.228.4%
respectively).

Doses sampled without or prior to administratidimere were 6383 doses from 14
studies (14 recorfd®16:1921.23.25.27.3033.37383h at had been sampled without or prior to
administration, of which 252 doses from three stadthree records®**j had been prepared
as individual lots and 6131 doses from 11 studiésrécordg!316:1921:2325.3338492 54 peen
prepared as part of a batch. When all the data e@rdbined, there was a non-significantly
higher frequency of contamination of doses preparepart of a batch than as individual lots
[point estimate: 2.7% (95% CI: 1.1, 6)2= 6131 doses){ = 96.48%: < 0.001) vs 2.3%
(95% CI: 0.5, 10.1N = 252 doses){ = 56.48%;P = 0.101);P = 0.856]. The between-study
contamination was more variable for doses prepasguart of a batch than as individual lots
(range: 0.228.4% vs 0.6% to 6.3% respectively).

Doses sampled during or after administratittrwas not possible to compare doses
prepared as individual lots and as part of a btahhad been sampled during or after
administration due to lack of data for doses pregpas part of a batch.

Pharmaceutical environments

All identified dosesThe analysis involved 6280 doses from seven stfdesen

record$?1726343%h "Of these, 168 doses from two studies (two res6f§ had been
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prepared as individual lots and 6112 doses from dtudies (five records?2*3°4 had been
prepared as part of a batch. When all the data e@rdined there was a significantly higher
frequency of contamination of doses prepared asitdl lots than as part of a batch [2.1%
(95% CI: 0.7, 5.8N = 168 doses)I = 00.00%:P = 0.856) vs 0.2% (95% CI: 0.1, 019;=
6112 doses)If = 56.49%:P = 0.056);P = 0.002]. The between-study contamination was
more variable for doses prepared as part of a lhtahas individual lots (range: 6204% vs
2.0-2.6% respectively).

Doses sampled without or prior to administrati@ince all of the identified doses had
been sampled without or prior to administrationpenparison of doses prepared as individual
lots and as part of a batch that had been samptadwt or prior to administration yields the
same results as all of the combined data (above).

Doses sampled during or after administratittnwas not possible to compare doses
prepared as individual lots and as part of a bitahhad been sampled during or after
administration, since no relevant doses that haa Ipeepared as either individual lots or as
part of a batch had been identified.

Hypothesis 3: undertaking additions to terminaligrdized doses

The maximum expected contamination rate of dogesiially sterilized according to
appropriate and validated procedures is one pdiomf®

Clinical and pharmaceutical environments combined

It was not possible to combine doses from clingzad pharmaceutical environments,
since no studies that reported the contaminatitnafsterile doses with and without
additives undertaken in pharmaceutical environmeatsbeen identified.

Clinical environments

The analysis involved 1723 doses from six studiesrecord$>'8242293% Of these,
additions had been made to 1108 doses and no@wlitad been made to 615 doses. All of
the doses had been prepared as individual lotsamgled during or after administration.
Figure 3 shows the forest plot when all of the gtddta were combined in a meta-analysis.
There was a significantly higher frequency of camtaation of doses with additives than
without additives [risk ratio: 2.121 (95% CI: 1.098114);P = 0.026], with a low statistical
heterogeneitylt = 22.50%P = 0.265).

Pharmaceutical environments

It was not possible to compare sterile doses withwithout additives in

pharmaceutical environments, since no relevaniesuthd been identified.

Discussion
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This update identified more than double the nunabeloses than the 2009 review,
which we have attempted to summarize to help infugigements when establishing policy
and clinical practice that ultimately aim to redyegient infection rate$Overall, the
contamination frequency was lower when doses had peepared in pharmaceutical than in
clinical environments, but reported rates wererotteacceptably high in both settings. For
example, the mean reported study frequency of miaf@ontamination of doses prepared
under aseptic techniques in pharmaceutical enviestsncould be >100 times higher than
that expected from following the procedures recomuhee in Europe (>2.0% compared with
0.02%), and >2750 times higher in clinical enviramts than that expected in a
pharmaceutical environment (>55.0% compared to%)d2 The greater number of studies
identified in this update meant that a previousin4significant but intuitive finding of the
previous review achieved statistical significantéhie present review (Hypothesis®3).
Hypothesis 1: dose preparation in a clinical comgzhto a pharmaceutical environment

There was a consistently lower frequency of contaton of doses prepared in
pharmaceutical environments compared to clinicalrenments. However, this finding was
not found to be statistically significant for doggepared as individual lots, despite up to
more than a two-fold difference in the overall fneqcy of dose contamination (4.7% vs 2.1%
for all individual doses combined, and 2.3% vs 2fd%only those individual doses sampled
without administration or prior to administratioifhis lack of statistical significance could at
least in part be explained by the limited data iiiexl for doses prepared as individual lots in
pharmaceutical environmentd € 168) (a potential type 2 error due to inadeqstdgstical
power), which could have been compounded by necessathematical corrections during
the analyses (see limitations below). A consisyemdirrower range of between-study
frequencies of dose contamination was found foed@separed in pharmaceutical than in
clinical environments.

The lower frequency and variability of contaminatiaf doses prepared in
pharmaceutical than in clinical environments isiitite since pharmaceutical facilities are
constructed and operated to restrict the numbenwafonmental microbes, incorporate
specialized equipment operated by staff wearingiapelothing to minimize shedding of
micro-organisms (and particles) and who have monsistent and extensive training in the
validation in the use of aseptic technigfi&shen reported, the types of micro-organisms
found after preparation in pharmaceutical enviromtsi&ere generally of low pathogenicity.
The same bacteria were reported in doses prepadithical environments, but a wider range
of micro-organisms was found in this setting, inlthg various Gram-negative bacteria and

fungi that have greater pathogenic potential. Ny are limited or no environmental control
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procedures followed in clinical environments, the tloser proximity of drug preparation to
patients serves as an additional source of micgarosms that are antibiotic resistant and/or
more pathogenic. Indeed, perceived benefits ofrpheeutical rather than clinical
environments for aseptic preparation of parentwaks have been noted in national
documents, such as in the UK, and particularlyhigh-risk products such as parenteral
nutrition.>*>°

In addition to potential clinical benefits it issal necessary to consider the economic
consequences of where doses are prepared. Nohe @viewed studies undertook a cost-
effectiveness analysis but the start-up costsuddding a new facility to create an appropriate
pharmaceutical environment would be high (e.g. #vmillion national currency units in
Europe or the USA). There are also substantial imggoosts (including operator training,
maintenance, monitoring for environmental contamisaand the need for an appropriately
qualified manager). In addition, logistic issuesated by a centralized facility, such as the
need to reallocate staff resource from wards tetie@macy department, and the need to
safely and efficiently deliver drugs to points aeyuwould have to be addressed.
Hypothesis 2: dose preparation as individual latsae part of a batch

For all the doses in both clinical and pharmacaligavironments combined,
contamination was found to be higher in doses pegpas individual lots rather than as part
of a batch. This difference was found to be sigaiiit in pharmaceutical environments but not
in clinical environments. It is intuitive that inddual doses would be a higher risk than batch
doses in pharmaceutical environments since the dgkatch preparation are offset by fewer
environmental contaminants, less variable techrsigard the availability of specialized
equipment. It is also intuitive that potential bitseof batch preparation would be lost in an
uncontrolled environment with greater contaminavitere more variable techniques are
employed and no specialized equipment for batchymtion is available. These findings
support recommendations to limit the expiry of pdeeal doses prepared under aseptic
techniques in clinical environments, for exampl@4adh in the UK, which effectively
preclude batch preparation, and which do not afgppharmaceutical environments (although
different additional requirements do appi).
Hypothesis 3: the effect of undertaking additiangetminally sterilized doses

It is reasonable to suggest that aseptic manipuigtio a sterile dose can only increase
the risk of microbial contamination, but thereimited evidence for such an effect. Unlike
the 2009 review, which reported no significant efffef additions to sterilized doses, this
updated review found a significantly higher contaation rate of sterile doses subjected to

additions compared to those that were not [a asik 0f 1.459 P = 0.682) and 2.121P(=
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0.026) respectively] . This difference can be explained by use of a raatdysis based on
only three studies with high statistical heterogigng? = 66.45%p = 0.055) in the 2009
review, and a meta-analysis based on six studigslavwer heterogeneity{= 22.50%pP =
0.265) in the present revieln>#21:28293Thjs finding is consistent with the intuitive idea
that aseptic manipulations should be minimizednioamtrolled environments such as hospital
wards whenever possible. Nevertheless, adequatiecpts and training are still required
when it is necessary to prepare doses in clinicarenments under aseptic technique. The
updated conclusion that additions to sterile dasesinical environments increase the
contamination rate is in line with the findings the previous two hypotheses.
Limitations

The evidence base was limited and generally basgubor quality studies, weakening
the conclusions of this paper. One of the maintétrons is that the studies did not primarily
set out to examine the hypotheses raised in thisweand so did not use the most appropriate
study designs to address the hypotheses raisbéireview. Furthermore, although there are
substantially more studies in the current revieantn the 2009 revieWwthere is still the
possibility that a type 2 error may have arisenmasting specific hypotheses. For example,
there were only 168 individual doses prepared arplaceutical environments identified. The
risk of type 2 error may have also been increagatiéoneed to add 0.5 contaminated doses
in a group when it in reality there were no contaed doses. For example, the effect on the
rate of contamination of doses prepared as indalithis in a pharmaceutical environment in
one study was reported as 0.0% (zero contaminateesdrom a total of 18 doses) but was
included in the analyses as 2.4% (0.5 contamindaeds from a total of 18 dosé$)rhe
relevance of this mathematical complication is patlias the sample size increases. Another
potential limitation is that the studies spannguetaod of >40 years (1972 to 2013), most of
which were more than 10 years old [79% (27 frons@4lies)], which raises the possibility
that the overall results do not exactly reflectrent practice with currently used products.
Finally, the general lack of head-to-head triaés/é from a total of 33 records) has meant
that in some cases less robust analyses had teelde ln standard meta-analyses involving
head-to-head trials, the differences between twomgg of individual studies are established
and amalgamated (two group meta-analysis). By astjtn the present work for hypotheses
1 and 2 the average results from studies involemgh group were amalgamated separately
(one group meta-analysis) and then compared with ether. This increases the risk of bias
since the products tested and conditions in thecwoparator groups are less well matched.
For example, 38% (3889 from 10,272) of the dosepared in clinical environments had

been sampled during or after administration congpéwerone (from 6280) of the doses
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prepared in pharmaceutical environments, and 40%1(4rom 10,272) of doses prepared in
clinical environments had been prepared as indalithis compared to 3% (168 from 6280)
in pharmaceutical environments.
Recommendations
It is logical that the safest environment showddused to prepare parenteral doses
under aseptic technique but several high-profiledients (including deaths) in recent years
make the continued lack of high-quality data irs tield surprising. The limited and low-
quality evidence base supports the use of pharrtiaakrather than clinical environments for
aseptic parenteral dose preparation and does ppbosibatch preparation in clinical
environments, but further data are required. Tieegeneed for high-quality head-to-head
trials with large sample sizes to strengthen thaslable evidence base. Such studies would
better inform decisions and policies in clinicahgtice. In particular, at the present time there
are limited published data for doses prepareddisidual lots in pharmaceutical
environmentsN = 168), and for doses prepared as individualitotdinical environments
without administration to patientdl & 252). In addition, the introduction of a repogi
system for contamination rates achieved duringimeutlinical practice and/or routine
simulation studies used to verify competence ofafoe aseptic technique that takes into
account the sampling procedures employed would bereefit. Future work in this area
should also consider the risk of contamination iafection with different types of microbes,
the clinical risks associated with contaminatiorifferent types of preparation (e.g.
intuitively an intraocular preparation sounds highgek than a preparation intended for bolus
intravenous administration), and the economic iogtions, including cost-effectiveness, of
drug preparation in clinical and pharmaceuticaliemments.
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Tablel
The terms and number of results for the literas@@ch undertaken on February 10th, 2014
to identify parenteral doses prepared under asggatimiques in clinical and pharmaceutical

environments

Database Search Search terms Results
row (N)
Medline (OvidSP) 1 (syringe or syringes).mp. ornirsyt.tw. 21,041
2 (bag or bags).mp. or bag*.tw. 18,909
3 (infusion or infusions).mp. or infus*.tw. 25872
4 (vial or vials).mp. or vial*.tw. 6066
5 (microbial or microbiological).mp. or 2,017,452
micro*.tw.
6 (bacterium or bacteria).mp. or bact*.tw. 598,873
(fungus or fungi).mp. or fung*.tw. 134,157
8 (contaminated or contamination).mp. or 166,465
contam*.tw.
9 prepared.mp. or prep*.tw. or 1,110,191

manufactured.mp. or manuf*.tw. or
compounded.mp. or compound*.tw.

10 (1 and 5) or (1 and 6) or (1 and 7) or (1 and 89,123
or (2and 5) or (2 and 6) or (2 and 7) or (2 and
8) or (3 and 5 and®®or (3 and 6 and®or (3
and 7) or (3 and 8) or (4 and 5) or (4 and 6) or
(4 and 7) or (4 and 8)

11 limit 10 to English language 17,662
Embase Classic 1 (syringe or syringes).mp. or syring*.tw. 32,435
and Embase
(OvidSP)

2 (bag or bags).mp. or bag*.tw. 30,560

3 (infusion or infusions).mp. or infus*.tw. 35235

4 (vial or vials).mp. or vial*.tw. 10,079

5 (microbial or microbiological).mp. or 2,221,231

micro*.tw.
6 (bacterium or bacteria).mp. or bact*.tw. 952,057
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7 (fungus or fungi).mp. or fung*.tw. 252,530
(contaminated or contamination).mp. or 253,438
contam*.tw.

9 prepared.mp. or prep*.tw. or 1,697,262
manufactured.mp. or manuf*.tw. or
compounded.mp. or compound*.tw.

10 (1 and 5) or (1 and 6) or (1 and 7) or (1 and 33,099
or (2 and 5) or (2 and 6) or (2 and 7) or (2 and
8) or (3 and 5 and®®or (3 and 6 and®or (3
and 7) or (3 and 8) or (4 and 5) or (4 and 6) or
(4 and 7) or (4 and 8)

11 limit 10 to English language 20,824
The Cochrane #1 “syringe” or “syringes” or syring* 1364
Library (Wiley
Online Library}
#2 “bag” or “bags” or bag* 4467
#3 “infusion” or “infusions” or infus* 36,233
#4 “vial” or “vials” or vial* 1325
#5 “microbial” or “microbiological” or micro* 66,34
#6 “bacterium” or “bacteria” or bact* 25856
#7 “fungus” or “fungi” or fung* 2759
#8 “contaminated” or “contamination” or 3453
contam*
#9 “prepared” or prep* or “manufactured” or 64,682

manuf* or “compounded” or compound*

#10 (#1 and #5) or (#1 and #6) or (#1 and #7) or3760
(#1 and #8) or (#2 and #5) or (#2 and #6) or
(#2 and #7) or (#2 and #8) or (#3 and #5 and
#9) or (#3 and #§ or (#3 and #7) or (#3 and
#8) or (#4 and #5) or (#4 and #6) or (#4 and
#7) or (#4 and #8)

®All document search.
The combination of search terms 3 and 5 yielde@&results in Medline, 33,340 results in
Embase, and 7464 results in the Cochrane Libra/4848, 671, and 876 results

respectively when search term 9 was also includelda combination.
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“The combination of search terms 3 and 6 return&® @&sults in Medline and 9036 results in
Embase, and 689 and 784 results respectively wasmets term 9 was included in the
combination. The third search term was not requioedhe combination of search terms 3
and 6 in the Cochrane Library since 1565 result®weturned.
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Tablell
Summary of studies that reported the frequencyiofahial contamination of parenteral doses prepareter aseptic techniques in clinical and

pharmaceutical environments

Study Country Dose Individual Preparation Administration Additives/repackaging Control group (no
or batch environmerft  to patient group additives)
preparation
(or treated Total Contaminated Total Contaminated
as one or doses dosesN) doses dosesK)
the other) (N) (N)

Austin et England Growth Batch Pharmaceutical No 1002 O - —

al.? medium

Austinet  England Growth Batch Clinical No 778 19 - —

al® medium

Aydinet  Turkey Propofol with Batch Clinical No 1926 1¢ - —

al.® and without

lidocaine

Bachet Germany Anaesthetic Individual  Clinical Yes 1228* 47 - -

al.* agents

Brehenyet Australia Parenteral Individual  Clinical Yes 150 O 96 0

al.®® nutrition

Burkeet USA 5% wi/v Batch Clinical No 95 27 - —

al.'® glucose
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Choyet

al.t’

D’Arcy et
al 18
Dominik et
al 19
Driver et

al.?°

Ernerotet
al. '+
Ernerotet
al. 't
Farrington
et al?
Fleeret

al.?

USA

Ireland

Germany

USA

Sweden

Sweden

England

The

Netherlands

Hernandez- Mexico

Ramoset

al.?*

Various,
including
parenteral
nutrition

Various

Contrast
media
Various for
obstetric
theatre use

Various

Various

Individual

Individual

Batch

Batch

Batch

Individual

Midazolam or Individual

propofol
Parenteral
nutrition

Various

Batch

Individual

Pharmaceutical

Clinical

Clinical

Clinical

Clinical

Clinical

Clinical

Clinical

Clinical

No

Yes

No

No

No

Yes

Yes

N6

Yes

150 &

61* 34
1000 9
756 0

50 0

131 3
100 7
428 81
1011* 60

40

40




Jackson
and Gallg®
Jacobsoret
al 26
Khalili et
al.?’
Kundsinet
al.®
Letcheret
al.?®
Lorenzet
al 30
Maciaset
al 31
Madeoet
al 32
Mageeet

al.33

USA

USA

Iran

USA

USA

Austria

Mexico

England

England

Insulin Batch

Filgrastim (G- Batch

CSF)

Crystalloid Individual
fluids

Not stated Individual

‘Medications’ Individual

Propofol Individual
Variou$ Individual
Epidural Individual
analgesia

Anaesthetics, Batch
0.9% w/v

sodium

chloride and

growth

medium

Clinical

Pharmaceutical

Clinical

Clinical

Clinical

Clinical

Clinical

Clinical

Clinical

No

No

No

Yés

Yes

No

Yes

Yes

No

159

50

92

432*

20%

80’

101*

46+

195

oh

1]

5

13"

5n

3q

247

142"
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Micard et France
al 34
Poretzet USA

al.®

Soong°® Australia
Spiliotiset Greece

al.®’

Stjernstrom Sweden

et al>®

Thomaset USA
al 39

Urbanoet  Japan
al.°

van Doorne The

et al*

Meglumine
gadoterate
0.9% wiv
sodium
chloride in 5%
w/v glucose in
Ringer’s
lactate

Propofol

Parenteral
nutrition

‘Saline’ and
growth
medium
Growth
medium

Growth
medium
Growth

Netherlands medium

Batch

Individual

Individual

Individual

Batch

Batch

Individual

Batch

Pharmaceutical No

Clinical Yed
Clinical Yes
Clinical No
Clinical No

Pharmaceutical No

Pharmaceutical No

Pharmaceuticdal No

20

110* 10
5*

80 ]

100 0

2030 7
18

3000 1

50
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van The Growth Batch Clinical No 650 151 - —
Grafhorst Nethelands medium

et al*?
Yoriokaet Japan Electrolytes Individual  Clinical Yes 290 O - —
al.* and

dobutamine

*Asterisks indicate doses that were sampled dwimafter administration, and the absence of arriaktmdicates doses that were sampled
without or prior to administration.

tDifferent aspects examined within the same record.

®A clinical environment includes hospital wards peaating theatres; to be classified as a pharmiaa¢environment, the record must state
compliance with a recognized standard for bothptte@aration cabinet and immediate room surrountiagcabinet environment.

bves’ if the doses were sampled during or after gustration and ‘no’ if the doses were sampled withor prior to administration.

“In this study, 19 of 276 doses prepared by nurses sontaminated; zero of 502 doses prepared bp@nacy operator were contaminated.
“The data from part 2 of this study have been exlwgince they involved unacceptable methodologielay in drawing up the dose).

°Of the 150 prepared doses, 52 were parenteratinatend all of the three contaminated doses warernteral nutrition.

"These doses were administered to patients aftghthe been sampled.

9This record reports that one additional prepareskdeas misplaced and not tested.

"Includes only those doses prepared in a standargizarmaceutical environment.

'Only the data from a clinical environment are infeld since the nature of the pharmaceutical enviemtmsed is unacceptable/unclear.
JExcludes data from vial residues.

“Simulated patient administration.

™The data reported from the containers rather than the associated giving sets.
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"The data from sample 2 of group | have been exdisitece they represented the same doses, andolatgrfoup Il have been excluded due to
unacceptable conditions.

PStudy design excluded patients receiving electeslyantibiotics or cancer chemotherapy.

9Data reported from cases without reuse of admatistn sets.

'Data from sampling immediately after dose prepanatiot those same doses sampled after infusioar(wiree contaminated samples were
identified).

*Data from standardized pharmaceutical conditionsesthe environment used for the negative contveéd is unclear.

‘Excludes the doses prepared in uncontrolled phamtiaal environments.
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Figure 1. The methodological stages of the literature seasel to identify studies that

report the rate of contamination of doses preparetr aseptic techniques in clinical and

pharmaceutical environments.
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Figure 2.

Forest plot and summary statistics of the frequeridize contamination rates of parenteral

doses prepared aseptically in clinical and pharonzzad environments. Asterisks indicate

doses that were sampled during or after administraand the absence of an asterisk

indicates doses that were sampled without or poi@dministration. Cl, confidence interval.
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Figure 3. Forest plot of random effects meta-analysis comgacontamination rates of
sterile parenteral doses with and without additinedinical environments. Asterisks indicate
doses that were sampled during or after adminigtraCl, confidence interval.
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