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Glass micro-particulate contamination of intravenous drugs — should we be

using filter needles?

Lewis Fry
Fourth Year Medicine (Undergraduate)
Monash University

The universal use of filter needles in the aspiration of all
medications from glass ampoules for intravenous administration
has been recommended due to safety concerns surrounding
possible inadvertent injection of glass micro-particulate created
from snapping open ampoules. Implementing this would involve
significant costs. This article aims to review the relevant literature
to evaluate whether sufficient evidence for patient harm due to
glass micro-particulate contamination exists to justify the universal
introduction of filter needles for the aspiration of medications from
glass ampoules for intravenous administration. Methods: A search
of OVID Medline, TRIP, Embase and Google Scholar databases
was conducted with a wide variety of terms with no limitation on
publication date. Papers addressing the research question were
included in the review. Results: Contamination of drugs by glass
micro-particulates does occur with aspiration from glass ampoules.
Pathological changes such as granuloma formation, embolic or
thrombotic events may occur if these are injected intravenously.
There is, however, a lack of evidence of consequent clinical harm
in humans. Conclusion: A recommendation for the universal
introduction of filter needles for aspiration of drugs from glass
ampoules for intravenous administration cannot be justified on the
basis of the paucity of available evidence showing harm and in light
of the significant cost of this recommendation. Concerns regarding
the lack of studies demonstrating that particle contamination
poses no threat remain valid from a perspective of total patient
safety.

Introduction

Glass ampoules are common containers for many drugs. The ampoules
are usually broken open by hand and the drugs are then drawn up
for administration. In the last 60 years, many questions have been
raised over the potential patient safety issues related to glass micro-
particulate contamination of drugs from glass ampoules, particularly
for intravenous administration. [1-6] There have been few conclusive
answers, however there are suggestions it may lead to complications
including pulmonary thrombi, micro-emboli, and end-organ granuloma
formation. [6]

It has been recommended that filter needles should be used in the
aspiration of all medications from glass ampoules. [7] This is not yet
standard practice, but follows recommendations made for over forty
years that practice should err on the side of caution until further
studies can demonstrate that any type of particle contamination poses
no threat. [5,6,8,9] This must also be balanced however, against the
significant cost the universal use of filter needles would incur. The cost
of a 5 um 18 g filter needle ($0.315) is approximately ten times that of
a standard 18 g drawing up needle ($0.029). [10]

For the universal implementation of filter needles to be justified in the
light of this expense, three important questions should be satisfied.
Firstly, does micro-particulate contamination occur when drugs are
aspirated from glass ampoules? Secondly, if so, is this particulate
contamination of clinical significance and a threat to patient safety?
Thirdly, are filter needles effective in preventing contamination of
medications by glass particles? This article reviews the relevant
literature and through answering these questions attempts to evaluate
whether sufficient evidence exists to warrant the universal introduction
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of filter needles for the aspiration of medications from glass ampoules
for intravenous administration.

Methods

A search of OVID Medline, TRIP database, Embase and Google Scholar
databases was conducted. In order to capture all possible evidence and
relevant background history on this topic in this review, there was no
restriction on date of publication and a wide range of search terms
were used. Terms used included (but were not limited to): ‘glass’,
‘ampoule’, ‘drug contamination’, ‘intravenous’, ‘filter needles’, ‘filter
straws’, “filtration’ and ‘needles’. This search was supplemented with
additional papers sourced from reference lists to ensure completeness.
Both human and animal studies were included. Papers addressing the
research question were included in the review as decided by the author,
including papers addressing other micro-particulate contamination.
Explicitly defined criteria were not used in the selection of the papers.

Definitions
A filter needle or filter straw is a needle attached to a syringe in place

of a drawing up needle, designed to filter out particulates from a
contaminated fluid. Generally they contain a 5 micron filter.

Glass ampoules are widely used in the production of parenteral
medications. Glass is an attractive material to industry as it can be
vacuum-sealed, sterilized, is easy to clean, it is chemically inert, it is
difficult to tamper with and is possibly recyclable. [2,4] To access the
drug, the top of the ampoule is snapped off by applying manual force
at a pre-weakened point. [2]

Results
Does particulate contamination occur?

There is clear evidence that the action of snapping off the top of an
ampoule can lead to contamination of ampoule contents, primarily
with glass micro-particles. [11-15] Glass micro-particles are primarily
composed of inorganic compounds (Si02, Na2C02, CaC02) and metallic
oxides. [2] They have a sharp microscopic appearance. [16] Particulate
size ranges from 8-172 microns. [15] The amount of particulate matter
varies slightly amongst different manufacturers and more particles are
found in transparent metal etched ampoules compared with coloured
chemically etched ampoules. [17]

Is glass particulate contamination of clinical significance?
Brewer and Dunning (1947) demonstrated that massive micro-
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particulate infusions in rabbits can cause foreign body reactions which
resultin pulmonary granulomas, pulmonary silicosis, and cause nodular
fibrosis of the liver, spleen and lymph nodes. [1] These were reported
as chronic rather than acute changes. Notably, a dose equivalent to
a total human dose of 14g of glass over a month given in daily doses
was required to produce these effects. Animals receiving small doses,
equivalent to those that a human might receive in normal clinical
practice, however, exhibited no pathological changes and no glass was
found in the lungs. No animals died within the full investigation period
of up to a year until euthanised for pathological examination. The
authors concluded that “occasional particle contamination of ampoule
preparations produces no significant pathology in animals”. [1]

Garvan and Gunner (1964) conducted a similar small experiment
infusing saline from glass ampoules into an ear vein of three rabbits. [3]
After killing the animals, autopsy showed the formation of capillary and
arterial granulomas, all containing cellulose fibres. They estimated that
every half-litre of IV fluid injected into a rabbit caused the formation of
5000 granulomas scattered through the lungs. They also found similar
lesions in the lungs of patients who had died and had received large
volumes of IV fluid before death. In this study there was no specific
reference to glass as the causative particle of the granulomas, nor was
it associated with any morbidity or mortality apart from the histological
changes.

Two case reports have been published recently regarding glass
contamination. In the first a patient was found on arthroscopy to have
glass particles within the right knee joint possibly due to recent steroid
or local anaesthetic injection into the joint. [18] In the second report a
single glass particle lodged within a cannula caused leakage out of the
injection port of the cannula during an infusion. [19]

Contamination with other micro-particulates

Contamination of IV fluids by other materials such as rubber or cellulose
has also been shown to occur and these particulates may have similar
effects to glass. A review of relevant work concluded however, that
although pathological changes had been associated with these various
contaminants in both human and animal studies, it was not possible to
correlate particular clinical manifestations with a specific contaminant,
and nor was there any association with mortality. [20]

Similarly, in an autopsy study Puntis et al. (1992) found pulmonary
granulomata in two of 41 parentally fed infants who had died of
unstated causes following stays in a neonatal intensive care unit
with a median duration of 14 days of parenteral feeding. These were
compared to 32 control infants who died of Sudden Infant Death
Syndrome (SIDS) within the same time period and who had not
received any IV treatment. [21] No granulomata or foreign bodies were
found in the controls. Of the two cases, some pulmonary granulomas
contained cotton fragments or glass, but the majority exhibited no
obvious foreign body. The authors point out that the parental nutrition
solutions themselves contain many micro-particles that may also
have pathological effects. Further to this a recent study found silicon
particles (common contaminants in solutions stored in glass ampoules)
caused suppression of macrophage and endothelial cell cytokine
secretion in vitro, suggesting that micro particle infusion could have
immune-modulating effects in vivo. [22]

A recent Cochrane Review of the use of in-line filters for preventing
morbidity and mortality in neonates attributable to particulate matter
and bacterial contamination, concluded that there is insufficient
evidence to recommend the use of these devices. [23] Falchuck et
al. found that in-line filtration significantly reduced the incidence of
infusion-related phlebitis, however a recent meta-analysis of trials
investigating the benefit of in-line filters was inconclusive. [24,25]

There is further inconclusive evidence that epithelioid granulomas,
containing macrophages and giant cells, can occur at the entry points
of silicone coated needles used for acupuncture (a polymer containing
the element silicon) but these granulomas can also occur following

venipuncture or at skin biopsy sites. [26]

Are filter needles effective in preventing contamination of medications
by glass particles?

Sabon et al. (1989) found that control ampoules contained an average
of 100.6 (SE + 16.3) particles with size ranging from 10 to 1000 um. [17]
Aspiration through an 18 g needle reduced particulate contamination
to a mean of 65.6 (SE + 18.7) particles with a maximum size of 400
pum, whereas aspiration through a 19 g 5 um filter needle reduced
the number of particles to 1.3 (SE + 0.3), with a decrease in the
average particle size. More recently Zabir et al. (2008) found that of
120 ampoules aspirated using a 5 um filter, 0% of the aspirated fluid
samples were contaminated with glass, in comparison to when 120
ampoules were aspirated using an unfiltered 18 g needle, 9.2% of the
aspirated fluid samples were contaminated. [27] The use of smaller
gauge non-filter needles has also been found to reduce contamination
when compared to large bore needles. [5, 27]

In contrast to this Carbone-Traber et al. (1986) found no difference
between unfiltered and filtered needles or between different needle
bore sizes. Using a 3 mm tubing as a control, the contents of ten
ampoules were aspirated for each group. The control group was
contaminated with a mean of 12 (SD + 5) glass particles, compared
to 13 (SD * 6) and 13 (SD * 7) glass particles in the aspirate contents
of unfiltered 18 g and 5um filter needle respectively. [28] The authors
suggest that the force of aspiration may cause glass particles to
penetrate the filter.

Discussion

The clinical significance of the effects of glass particulates on the
human body remains unclear. A number of historical investigations
and case reports have been published, however there are no recent
systematic reviews or prospective studies relating directly to glass
particulates. Perhaps not surprisingly, there are no relevant controlled
human studies and much of the data that forms the basis for the
evidence of harm comes from animal studies. It is worth noting that
while the findings of Brewer and Dunning and often cited as evidence
for the harm of caused by glass, their clinical conclusions that glass
causes no significant pathology in animals are often ignored. [1]

The lack of studies investigating the effects of glass particulate
contamination is due to many factors including the ethical difficulties
associated with infusing contaminated fluids into human subjects,
cost, and the lack of interest by pathologists. [29] The lack of evidence
available from high quality and recent investigations is the significant
limiting factor of this review.

In this light, a number of recommendations have been made for over
forty years that practice should err on the side of caution until further
studies can demonstrate that any type of particle contamination poses
no threat. [5,6,8,9] This is a valid perspective with a view to ensuring
total patient safety.

In evaluating the introduction of any intervention however, both
the costs and consequences must be considered. With the current
evidence, evaluation of the efficacy or the effectiveness of the
global introduction of filter needles cannot be undertaken, nor can
cost-benefit be appraised. It is clear however, that the large-scale
introduction of filter needle use for all drugs aspirated from glass
ampoules destined for intravascular injection would incur a significant
cost.

Filter needle use in current practice

Injection of contaminants may occur via various pathways including
the intravenous, intramuscular, subcutaneous, intrathecal, epidural,
and intraocular routes. There are no data describing the prevalence of
filter needle use, and perhaps the most accurate appraisal is that they
are at least widely available. Anecdotally their use seems favoured
when drawing up drugs from glass ampoules prior to intrathecal,
epidural and intraocular administration, likely due to fear of significant
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consequences of microbiological contamination of these sites. [30]

Alternatives to filter needles

Several alternative solutions have been considered to reduce glass
contamination. The use of a machine that cuts the ampoules and
aspirates the contents using a vacuum produced less glass particulate
contamination of ampoules compared to opening by hand, however
this is impractical for everyday use. [16] The use of prefilled syringes
showed far less contamination than aspirating glass ampoule
contents into syringes however this a very expensive option. [31,32]
A commercial ampoule opener showed no difference in particulate
contamination compared to hand-opened. [29] While there have been
no recommendations made, the use of smaller gauge needles may
reduce contamination as discussed above.

Conclusion

In conclusion, studies have shown evidence of glass particle
contaminationininjectable drugs drawn from glass ampoules, and have
generally demonstrated that use of filter needles would reduce patient
exposure to these particulates. There is, however, a lack of definitive
evidence for significant harm from the injection of these glass particle
contaminants. Thereisapotentialthatdrugsadministeredintravenously
containing glass fragments may cause granuloma formation, embolic,
thrombotic and other vascular events, however this is not supported
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by any recent literature or conclusive studies. The paucity of evidence
further limits economic evaluation into efficacy, effectiveness and cost-
benefit analysis, into an intervention that would incur substantial cost.
Arguments that practice should err on the side of caution until studies
can prove that contamination does not cause harm are valid, however
it is unlikely these studies will be able to be conducted. Considering
the limited evidence for harm of glass particulate injection found in
well over fifty years of observation, it would appear that the cost of
filter needles outweighs the questionable benefits gained from their
universal introduction for aspiration of intravenously administered
drugs from glass ampoules.
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