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ABSTRACT 
 
Purpose. To review microbial contamination rates about preparation of individual and batch doses using 
aseptic techniques within pharmaceutical (controlled) and clinical (ward and theatre) environments. 
Methods. Systematic review, involving amalgamation of data using a random effect model and meta-
analysis. Results. A total of 19 studies from 17 reports (7277 doses), mostly single arm studies, were 
identified for analysis. The overall contamination rates for doses prepared in clinical environments were 
found to be 5.0% (95% CI; 1.8%, 13.1%, n = 8 studies) for individual doses and 2.0% (95% CI; 0.3%, 
13.1%; n = 5) for doses prepared as part of a batch. Rates for doses prepared in pharmaceutical 
environments were found to be 1.9% (95% CI; 0.8%, 4.2%; n = 5) for individual doses and 0.0% (95% CI; 
0.0%, 0.8%; n= 1) for doses prepared as part of a batch. The results indicate greater overall contamination 
rates of doses prepared in clinical than pharmaceutical environments, in those prepared individually than in 
batch preparation, and in those in which additions rather than no additions were made. Significant 
differences were only found between pharmaceutical and clinical environments for batch doses, and between 
batch and individual doses prepared in a pharmaceutical environment. The studies differed substantially in 
sample size, interventions and comparison conditions, especially in the clinical setting. The quality of the 
data was judged to be low. Conclusion. Contamination rates in clinical and pharmaceutical environments 
were commonly found to be unacceptably high. Intuitive recommendations for reducing contamination rates 
by carrying out the procedures in a pharmaceutical environment using batch doses are supported by an 
evidence base that needs to be strengthened further.  
________________________________________________________________________________ 
 
INTRODUCTION 
 
The parenteral administration of contaminated 
doses can result in nosocomial bacteriaemia (1), 
significant morbidity (2) or death (3). Therefore, 
aseptic techniques are used to manipulate sterile 
starting components to prepare doses for 
parenteral administration in order to minimise 
microbiological contamination risk. However, 
aseptic techniques alone cannot guarantee that a 
sterile dose will ultimately be prepared because 
environmental contamination can occur during the 
manipulations. It is often argued that aseptically 
prepared doses for parenteral administration 
should be made in a dedicated pharmacy unit 
offering a controlled environment, where the risk 
of environmental contamination can be reduced to 
very low levels, rather than in a clinical 
environment, such as a hospital ward or operating 
theatre, where the risk of contamination is higher 
(4). To reduce the risk of microbial contamination 
a number of recommendations are made, 
including the following three. First, the British  

 
 
Standard BS EN ISO 14644-1: 1999 (5) and the 
European Community Good Manufacturing 
Practice (EC GMP) require dedicated units to 
operate to defined high standards when using 
aseptic techniques to prepare doses (6, 7). Second, 
all aseptic dose preparation should be carried out 
in dedicated units with a minimum number of 
additions, according to the National UK 
guidelines  (8-10). Third, any doses that are 
prepared in a clinical environment should be used 
immediately or appropriately destroyed (4). This 
last recommendation prevents batches from being 
prepared in clinical environments because whilst 
a batch generally involves fewer manipulations 
per final dose unit prepared, this could be offset 
by storage before use, which allows time for 
growth of any contaminating bacteria. 
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For this reason only products prepared aseptically 
in a pharmaceutical environment may be stored 
before use, limiting the opportunity for batch 
preparation to dedicated pharmacy units. 

These recommendations have a 
theoretical basis and an intuitive appeal, but 
surprisingly no synthesis of experimental 
information is available to support them. For 
example, if experimental evidence can be found to 
show that there is no difference in microbial 
contamination rates between doses prepared in 
dedicated units and clinical wards, then there may 
be reluctance to undertake time consuming and 
costly work in dedicated pharmaceutical units. 
Therefore, the aim of this study was to undertake 
a systematic review to examine the rates of 
microbiological contamination of doses prepared 
using ‘aseptic’ technique in different 
environments (see three hypotheses below) and to 
consider the current recommendations and to 
make a recommendation for future research in the 
light of the new information. A systematic review 
with meta-analysis would help resolve conflicting 
studies, increase power, improve the effect size 
estimate, and identify gaps in knowledge. 

This review aimed to establish the 
reported prevalence of contamination rates of 
aseptically prepared doses. It also aimed to 
examine the simple overarching proposition that 
doses are more likely to be contaminated when 
prepared in environments with greater 
microbiological background contamination, 
stored for longer and manipulated more. Three 
specific component hypotheses were tested: 

Hypothesis one: Doses are more likely to 
be contaminated if prepared in a clinical 
environment rather than in a pharmaceutical 
environment. 

Hypothesis two: Doses are more likely to 
be contaminated if prepared individually rather 
than as part of a batch with the same 
environmental background.  

Hypothesis three: Doses are more likely 
to be contaminated if additions are made rather 
than not made before administration in a clinical 
environment. 
 
METHODS 
 
The literature search was carried out using 
PubMed on 26 June 2007 for all available years 
(1950 onwards) using each of the following 
individual search terms, ‘syringe’, ‘bag’ and 
‘infusion’, in combination with each of the 
following additional search terms, microbial, 
microbiological, bacteria, fungi, contaminated, 

contamination. Additional papers were sought 
through cross-referencing and discussions with 
experts in the field. 

The combination of ‘infusion’ with 
‘bacteria’ and ‘infusion’ with ‘fungi’ in the 
PubMed search identified 4878 and 2399 results 
respectively (total 7277). In an attempt to capture 
only those reporting doses that had been prepared 
from starting components these two word search 
terms were repeated using was an additional third 
term (‘prepared’, ‘manufactured’ or 
‘compounded’). This reduced the number of 
results from 7277 to 277. All the other searches 
involved only two word combinations. The 
inclusion criteria were microbiological 
contamination (bacteria or fungi) of products for 
parenteral administration to patients. Studies 
intended to simulate this were also included. The 
exclusion criteria were studies not published in 
English and all animal studies. Clinical studies 
involving reuse of equipment were also excluded. 

The search returned a total of 8174 
references and 4987 after duplicates were 
removed. For each of these 4987 references the 
title and abstract was evaluated, and after 
excluding those that were irrelevant to the topic of 
investigation (e.g. those dealing with stability 
studies) or did not meet the inclusion criteria (e.g. 
animal studies), only 33 references were left (11-
43). A review of the full text of each of these left 
17 references for further consideration (Table 1) 
(15-20, 22, 23, 27, 29, 30, 34, 35, 38, 39, 41-43). 
Figure 1 shows the stages of the methodology. 

The studies were divided into groups 
based on whether the doses were prepared 
individually or as part of a batch, whether the 
doses were made in a controlled (pharmaceutical) 
or an uncontrolled environment (ward or 
operating theatre) and whether the doses were 
sampled either during or after administration or if 
they were sampled without administration. 

Doses were categorised into those that 
were microbiologically contaminated and those 
that were not. No attempt was made to identify 
the type and number of organisms, which were 
not reported in all of the references but where it 
was reported it mainly included skin organisms 
(15, 17, 19, 23, 27, 29, 30, 35, 38, 39). 

The quality of the studies were assessed 
independently by the two authors using the 
GRADE system (44, 45). Disagreements were 
resolved by discussion. The recently published 
PRISMA guidelines for undertaking and 
presenting systematic reviews (46) were also 
considered. 
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8173 records identified through 
database searching 

1 additional record identified 
through other sources 

4987 records after duplicates removed 

4987 records screened 4954 records excluded 

33 full-text articles assessed 
for eligibility 

17 articles (19 studies) 
included in qualitative 

synthesis  

16 full-text articles 
excluded primarily 

because: 
5 studies lacked data 

(11,12,14,24,31) 
3 studies involved reuse 
of equipment (13,21,28) 

3 studies used 
methodology that is 

inconsistent with other 
included studies 

(25,33,36) 
2 studies with end points 
on chemical rather than 
microbiological stability 

(26,32) 
2 studies involved 

unacceptable 
pharmaceutical 

conditions (37,40) 
1 study did not specify 

preparation environment 
(34) 

 

19 studies included in 
quantitative synthesis (a 
series of meta-analyses). 
These included event rate 
summaries of single arm 

studies and a meta-analysis 
of three studies with a 

control group (two arms) 
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Figure 1. Summary of methodology and the systematic review process 
 
 
Statistics 
 
Point estimates and 95% confidence intervals for 
contamination rates were obtained for each of the 
groups seperately using logit transformation. 
Unpaired t-tests were used in the analysis. 
Amalgamation of data and the meta-analysis were 
undertaken using a random effect model and 
Comprehensive Meta Analysis version 2 (Biostat, 
Englewood, NJ, USA). When zero rates of 
contamination were reported in two arms of the  

 
 
 
 
same study, meta-analysis was performed by 
using a value of 0.5 infections in each arm of the 
study (since mathematical difficulties arise with 
logarithmic (logit) transformations involving zero 
(log of zero = minus infinity). The same was 
undertaken when a rate comparison in which 
several studies were amalgamated for a rate 
comparison with a single study with no 
contamination. The random effect model was 
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chosen because of the variability of sample 
characteristics, interventions and comparison 
conditions. To further support the choice of 
model, heterogeneity was assessed using the I2 
statistic, which is routinely displayed with fixed 
model analysis. A p value of <0.05 (two tailed) 
was considered to be significant.  
 
RESULTS 
 
Quality of studies 
 
Both raters graded all the studies as low or very 
low quality. There were two disagreements within 
these categories which were resolved by 
discussion. In the end all studies were graded as 

low quality, mainly because they were all non-
randomised studies, except for the study of Soong 
et al (38) which was graded as very low quality 
because it was an observational study involving 
only 5 samples that were relevant to the present 
analysis. 
 
Overview of contamination rates of doses 
prepared in clinical and pharmaceutical 
environments 
 
The contamination rates of doses prepared in 
clinical environments were more variable and 
generally had higher contamination rates than 
those prepared in pharmaceutical environments 
(Figure 2). 
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Figure 2. Contamination rates, according to clinical and pharmaceutical environments, and according to 
individual and batch preparation. Summary results were obtained using a random effect model. Asterisks (*) 
indicate studies that involved sampling during or after infusion into patients, whilst no asterisks indicate 
sampling without administration into patients. 



J Pharm Pharmaceut Sci (www.cspsCanada.org) 12(2) 233 - 242, 2009 
 

 

 
237 

In the clinical environment the between 
study contamination rate varied widely, from 
0.1% (point estimate 0.001)  (20) to 55.7% 
(0.557)  (47). It also varied widely both in the 
subgroup of studies preparing doses as part of a 
batch 0.1% (0.001)  (20) to 28.4% (0.284)  (17) as 
well as individual doses 0.2% (0.002) (42)  to 
55.7% (0.557) (47). The point estimates (random 
effect model) for the group as a whole (0.033 
(95% CI; 0.014, 0.074)) and the two subgroups 
(0.050 (95% CI, 0.018, 0.131)) for individual 
doses; and (0.020 (95% CI; 0.003, 0.131)) for 
batch doses were similar. The impression of 
variability or heterogeneity between studies, 
which was established by considering study 
design, sample size characteristics and 
methodology of studies in a clinical environment, 
was confirmed by statistical testing (I2 = 95-96% 
in all cases; p <0.001). 

In a pharmaceutical environment the 
between study contamination rate ranged from 
0.0% (point estimate 0.000) (43) to 6.7% (0.067) 
(35). It was 0.0% (0.000) in the single study of 
batch dose preparation (43) and less than 3.3% 
(0.033) in four of the remaining 5 studies (Table 1 
and Figure 2). The point estimate (random effect 
model) for the overall contamination rate of the 
group was 0.014 (95% CI 0.005, 0.037). The 
point estimate for the individual dose preparation 
was 0.019 (95% CI 0.008, 0.042) and for the 
batch dose preparation was 0.000 (95% CI; 0.000, 
0.008; I2 = 0.000). The heterogeneity between 
studies was moderate (I2 = 55%) but not 
significant.  

The summary of the overall 
contamination rates shown in Figure 2, which can 
help examine the three individual hypotheses 
described below. 
 
Hypothesis 1 (preparation of doses in clinical v 
pharmaceutical environment) 
 
No individual studies were identified that 
compared contamination rates of doses 
(individual or batches) prepared in both clinical 
and pharmaceutical environments for either.  
 
Individual doses 
 
Ten studies involved doses that had been sampled 
during (27) or after (15, 16, 18, 22, 23, 29, 35, 38, 
42) administration. Eight of these were prepared 
in a clinical environment (15, 16, 18, 22, 23, 27, 
38, 42) (total combined N = 2976), and two  in a 
pharmaceutical environment (29, 35) (total 
combined N = 226). Contamination was greater in 

those doses prepared in a clinical environment 
rather than a pharmaceutical environment but 
there were large overlapping confidence intervals 
which would preclude significant differences 
(point estimates 0.050 (95% CI 0.018, 0.131) vs 
0.035 (95% CI 0.014, 0.085). Variability between 
studies undertaken in a clinical environment was 
judged to be greater than those in a 
pharmaceutical environment (supported by 
statistical results: I2 = 95% in a clinical 
environment vs I2 = 24% in a pharmaceutical 
environment). 

There were no studies identified that 
considered the contamination rates of doses 
prepared individually in a clinical environment 
that were not administered to patients.  
 
Batch doses 
 
Six studies involved doses that had not been 
administered. Five of these were batch doses 
prepared in a clinical environment (17, 19, 20, 22, 
30) (total combined N = 2096) and one study 
considered batch doses prepared in a 
pharmaceutical environment (43) (N = 1002). 
Those doses prepared in a clinical environment 
were sampled immediately after preparation or 
after storage for up to 8 days. All of the doses in 
the pharmaceutical environment were stored for 
28 days before sampling. Contamination was 
found to be greater in those doses prepared in a 
clinical than pharmaceutical environment (point 
estimates 0.020 (95% CI 0.003, 0.131) vs 0.000 
(95% CI 0.000, 0.008)), yielding highly 
significant differences (p <0.001). As can be seen 
from Figure 2, three of the individual dose studies 
were found to have significantly higher 
contamination rates than the batch study (p = 
<0.001 (17), p = 0.002 (30) and p = 0.046 (19)). 
The contamination rates of the other two 
individual dose studies were not significantly 
different from that of the batch study. One of 
these was a small study involving only 50 doses 
(p = 0.133) (22)  and therefore the comparison 
lacked power, and the other was a larger study 
with no contamination (p = 0.868) (20). The 
variability between clinical studies was confirmed 
by the heterogeneity statistic (I2 = 96%), in 
contrast to the single pharmaceutical study which 
lacks heterogeneity (I2 = 0%). 

No studies were identified that considered 
the contamination rates of batch doses sampled 
during or after administration. 
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Hypothesis 2 (individual v batch preparation 
of doses) 
 
No individual studies were identified that 
compared contamination rates of individual and 
batch doses in a pharmaceutical environment. The 
only study that compared these in a clinical 
environment used a different methodology in each 
setting (22). 
 
Clinical environment 
 
In the clinical environment eight studies (15, 16, 
18, 22, 23, 27, 38, 42) (total combined N = 2976) 
considered rates of contamination of individual 
doses and 5 studies considered batch doses (17, 
19, 20, 22, 30) (total combined N = 2096). The 
individual doses had been sampled during (27) or 
after (15-20, 22, 23, 30, 38, 42) administration 
and all of the batch doses had been sampled 
without administration. The batch doses were 
stored for varying periods before sampling; 
without storage (19, 22), for up to 8 hours (30), 
without storage to storage for longer than 72 
hours (17) or for up to 8 days (20). Contamination 
rates were higher for individual than batch 
preparations, but the 95% confidence intervals 
were large and overlapping, precluding significant 
differences) (point estimates 0.050 (95% CI 
0.018, 0.131) vs 0.020 (95% CI 0.003, 0.131)) 
(Figure 2).  As expected from the characteristics 
of the clinical studies (Table 1) heterogeneity 
between them was confirmed statistically (I2 = 
95% in studies involved with batch doses and I2 = 
96% in the individual dose studies). 
 
Pharmaceutical environment 
 
In pharmaceutical environments three studies (35, 
39, 41) (total combined N = 801) considered rates 
of contamination of individual doses prepared in a 
pharmaceutical environment and 1 study 
considered batch doses (43) (N = 1002). All 4 of 
these studies involved doses that had not been 
administered. The doses were sampled 
immediately after preparation (35), up to 168 
hours after preparation (39), up to 15 days after 
preparation (41) or after 28 days storage (43). 
Contamination was found to be greater (p < 
0.001) in those doses prepared individually rather 
than as part of a batch (point estimates 0.010 
(95% CI 0.005, 0.020) vs 0.000 (95% CI 0.000, 
0.008)). The significance was weaker when each 
of the individual dose studies was compared 
separately to the batch study (p = 0.015 (35); p = 
0.049 (41) and p = 0.095 (39)) due to the loss of 

power associated with each individual 
comparison. These studies were similar in design 
and methodology although in one of them (35) the 
sample size was small. When combined the 
individual dose studies did not have significant 
statistical heterogeneity (I2 = 34% (p = 0.355)). 
 
Hypothesis 3 (additions v no additions) 
 
No individual studies were identified that 
compared contamination rates of doses with and 
without additions in a pharmaceutical 
environment. Three such studies were identified 
in a clinical environment (16, 18, 22) (see below). 
 
Clinical environment 
 
In a clinical environment three studies (16, 18, 
22) (total combined N = 518) considered rates of 
contamination of individual doses sampled after 
administration. Some of these doses had had drug 
additions made before use (N = 342) and some 
had not (N = 176). A further study was identified 
(34) but it was not clear if the doses were 
prepared in a clinical environment. Therefore, a 
meta-analysis was undertaken with only three 
studies. Although a higher overall contamination 
rate was found when additions rather than no 
additions were made, the risk ratio was not 
significant (1.459 (95% CI 0.24, 8.882); 
p=0.682). The differences in study characteristics 
were associated with moderately high statistical 
heterogeneity (I2=66.45%, p=0.055). The quality 
of the studies, measured using criteria in the 
GRADE system (44, 45) was considered to be 
low, primarily because they did not report 
randomisation procedures. 
 
Pharmaceutical environment 
 
A single study examining the effect of 
manipulations to make batches in a 
pharmaceutical environment was found to have a 
contamination rate of zero in a series of 1002 
doses, compared to a maximum contamination 
expected contamination rate of 1 in a million 
does, according to International requirements (2).  
 
DISCUSSION 
 
This study demonstrates substantial variability in 
contamination rates in both clinical and 
pharmaceutical environments and the presence of 
frequently unacceptably high rates of 
contamination in these settings. Both of these 
issues require attention. In an attempt to reduce 
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the prevalence of nosocomial infections 
regulatory agencies have provided a range of 
recommendations about preparation and 
administration of clinical doses. For example 
there is National UK guidance that any batch 
preparation must only be carried out in a 
pharmaceutical environment because products 
prepared in a clinical environment should be 
discarded after a maximum of 24 hours (48). This 
guidance was predominantly based on expert 
opinion rather than an evidence base. There is 
also guidance to reduce dose manipulations. 
However, it is unclear if such guidance is over-
stringent and it is unclear to what extent it is 
supported by an evidence base. Therefore, these 
issues were examined using three specific inter-
related hypotheses. 
 
Hypothesis 1 (preparation of doses in a clinical 
v pharmaceutical environment) 
 
The evidence that doses prepared in a 
pharmaceutical rather than clinical environment 
have a lower rate of contamination was found to 
be generally weak. The evidence was stronger for 
batch preparations than for individual 
preparations. There are at least three possible 
reasons why better results might be expected for 
doses prepared in a pharmaceutical environment. 
First, there is greater risk of contamination in the 
clinical than the pharmaceutical working 
environment (49). Second, those working in a 
pharmaceutical environment are typically required 
to demonstrate competence at regular intervals, 
whereas this is less strict or does not apply in the 
clinical environment. Thirdly, in the case of 
batches, special equipment to reduce the number 
of manipulations is more likely to be used in the 
pharmaceutical than the clinical environment. The 
lack of stronger evidence could be due to the lack 
of adequately designed studies to address to 
address the specific issues as well as 
heterogeneity between studies (see section below 
on limitations). 
 
Hypothesis 2 (individual v batch preparation 
of doses) 
 
Support for this hypothesis might have been 
expected because of the special equipment 
typically used in pharmaceutical environments to 
reduce the number of manipulations when 
preparing a batch. The data from this study 
support the hypothesis of reduced contamination 
rates in batch versus individual dose preparation 
in a pharmaceutical environment. No such support 

in a clinical environment was found, possibly 
because, the potentially greater risk of individual 
dose preparation and lack of special aseptic 
manipulation equipment in most clinical 
environments may have been offset by the 
increased risk of storing doses prepared as a 
batch. This issue about storage could not be 
explored further due to a lack of consistent data 
over comparable time periods. Another possible 
confounding variable is that different techniques 
and observers were used in the various studies. 
 
Hypothesis 3 (additions v no additions in a 
clinical environment) 
 
Although the concept that additions to doses are 
more likely to introduce contamination than no 
addition has a rational basis, formal evidence is 
still lacking. It is noteworthy that in one of the 
three controlled studies that examined this 
hypothesis using individual doses (and another 
excluded study (34)), no infections were noted as 
a result of additions (N = 150 (16) and N = 192 
(34)). However, it seems that these studies are 
underpowered and their overall quality considered 
to be poor according to the GRADE criteria (44, 
45). Nevertheless they do favour limiting 
additions in a clinical environment whenever 
possible. 

In the only study in which sterile doses 
were manipulated to prepare batches in a 
pharmaceutical environment no contamination 
was found among 1002 total doses prepared. 
Contamination rates of ‘sterile’ doses (terminally 
sterilised) should be no more than 1 per million 
doses, according to international standards (2).  A 
sample size of 1 million per group would be 
required to detect 10 infections per million in the 
intervention group (with additions) compared to 1 
per million in the control group (no additions) 
with 80% power and a significance of p = 0.05. 
 
Limitations 
 
This systematic review has a number of 
limitations. First, several studies did not 
specifically set out to examine the hypotheses set 
out in this paper, and therefore comparisons 
involved different studies with different protocols 
and different observers. Second, a meta-analysis 
involving studies with intervention and control 
arms was limited by heterogeneity, in which one 
study reported zero infection rates in both arms 
and the other two much higher rates of infection. 
Third, the studies were reported over a period of 
33 years from different countries, and this is 



J Pharm Pharmaceut Sci (www.cspsCanada.org) 12(2) 233 - 242, 2009 
 

 

 
240 

likely to add to the heterogeneity. Fourth, there 
were variations in the method and volume of dose 
sampling. Therefore, one of the main findings of 
this systematic review is the need to undertake a 
series of adequately powered studies to address 
the gaps that have been identified and to 
systematically establish an evidence base to guide 
practice. Perhaps the most important finding is 
that very few individual studies offered a direct 
comparison of two groups (no studies to examine 
hypotheses 1 and 2, no studies to examine 
hypothesis 3 in a pharmaceutical environment and 
only three studies to examine hypothesis 3 in a 
clinical environment).  
 
Recommendations 
 
Although the data generally suggest advantages in 
preparing doses in the pharmaceutical rather than 
clinical environment, preferably using batch 
preparations and minimising manipulations, there 
may be additional costs in doing this. Therefore 
there is not only a need to strengthen the available 
database, but also to begin to undertake a cost-
effectiveness analysis, which is currently lacking. 
The influence that training and experience of 
operators performing aseptic manipulations on 
contamination rates of prepared doses would also 
be a useful addition to the current evidence base 
as this was not controlled in the reported studies. 
 
CONCLUSIONS 
 
In summary, these data suggest the presence of 
unacceptably frequent high rates of contamination 
of doses in both clinical and pharmaceutical 
environments, which need attention by ensuring 
adequate local validation of contamination rates 
of aseptically prepared doses. They also provide 
general support for the view that aseptic 
manipulations should whenever possible be 
carried out in a dedicated pharmaceutical unit 
with an appropriately controlled environment to 
minimise any risk of dose contamination. 
However, the evidence base is generally weak due 
to the limitations of the identified studies, 
including sample characteristics, interventions 
and comparison conditions. Therefore, the 
evidence base needs to be strengthened by 
designing adequately powered controlled trials 
involving randomisation, the use of consistent 
procedures wherever appropriate as well as the 
application of cost-effective analysis. 
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Table 1. Details of studies and reported contamination rates 
 
 

Reference Dose 
Individual 
or batch 

Preparation 
environment 

Administration 
to patients 

Additives group Control group (no additives) 

     
Total 

number 
of doses 

Number of 
contaminated 

doses 

Total 
number of 

doses 

Number of 
contaminated 

doses 
Bach et al 1997 (15) anaesthetic agents individual clinical yes 1228 47 -- -- 
Breheny et al 1990 (16) parenteral nutrition individual clinical yes 150 0 96 0 
Burke et al 1986 (17) 5% glucose batch clinical no 95 27 -- -- 
D’Arcy et al 1973 (18) various individual clinical yes 61 34 40 5 
Dominik et al 1995 (19) contrast media batch clinical no 1000 9 -- -- 
Driver et al 1998 (20) various for obstetric theatre use batch clinical no 756 0 -- -- 
Ernerot et al 1973a (22) various batch clinical no 50 0 -- -- 
Ernerot et al 1973a (22) various individual clinical yes 131 3 40 2 
Farrington et al 1994 (23) midazolam or propofol individual clinical yes 100 7 -- -- 
Hernandez-Ramos et al 2000 (27) various individual clinical yes 1011 60 -- -- 
Lawrence et al 1988 (29) parenteral nutrition individual pharmaceutical yes 196 5 -- -- 

Magee et al 1995 (30) 
anaesthetics, 0.9% NaCl and 

growth medium 
batch clinical no 195 8 -- -- 

Reiter et al 2002b (35) 20% lipid individual pharmaceutical yes 30 2 -- -- 
Reiter et al 2002b (35) 20% lipid individual pharmaceutical no 30 1 -- -- 
Soong et al 1999 (38) propofol individual clinical yes 5 0 -- -- 
Takagi et al 1989 (39) parenteral nutrition individual pharmaceutical no 300 3 -- -- 
Weil et al 1988 (41) various individual pharmaceutical no 471 3 -- -- 
Yorioka et al 2006 (42) electrolytes and dobutamine individual clinical yes 290 0 -- -- 
Austin et al 2006 (43) growth medium batch pharmaceutical no 1002 0 -- -- 
 

 

a and b Different issues addressed in the same publication 
 
 
 


