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Abbreviated ImpactorMeasurement
(AIM) and Efficient Data Analysis
(EDA) concepts: A partnership for
theassuranceofOral InhaledProduct
(OIP) quality

AIM: Proof of concept
The present version of the Abbreviated Impactor
Measurement (AIM) Concept was born three years
ago, initially as a way of improving productivity in
the course of making in vitro measurements of Oral
Inhaled Products (OIPs) and related add-on devices,
such as spacers and valved holding chambers that
are used with pressurized metered dose inhalers
(pMDIs). The core idea was to eliminate unnecessary
components of a full resolution cascade impactor
(CI) so that only those fractions having meaning in
the context of product performance were deter-
mined.1 The Cascade Impactor Working Group (CI-
WG) of the International Pharmaceutical Con-
sortium on Regulation and Science (IPAC-RS) later
spearheaded the idea of using AIM in conjunction
with alternate data analysis approaches. The initial
goal was to address the issue that full resolution CI
measurements are highly complex,2 with many
opportunities for measurement variability to enter
into the determination of OIP aerosol aerodynamic
particle size distribution (APSD).3 Initial experi-
ments with abbreviated impactors based on the
Andersen Cascade Impactor (ACI) design demon-

strated the feasibility of the approach,4-5 at least for
pMDIs, and a designed experiment organized by the
CI-WG in mid-2009 demonstrated comparable pre-
cision and accuracy with two similar abbreviated ACI
systems to the full resolution system.6 The first
abbreviated impactor was a 2-stage system (working
stage 4 of an ACI followed by a back-up filter) desig-
nated AIM-QC and intended to have its cut-point
size close to the mass median aerodynamic diameter
(MMAD) of the OIP aerosol (in that case, 2.1 �m
aerodynamic diameter). The second was a 3-stage
system (working stages 2 and 5 of an ACI followed by
a back-up filter) having cut-points of 4.7 and 1.1 �m
aerodynamic diameter respectively, to provide met-
rics potentially more pertinent to deposition in the
human respiratory tract (AIM-pHRT). Subsequent
measurements with dry powder inhalers (DPIs)
using the Fast Screening Impactor (FSI), developed
from the pre-separator of the Next Generation
Pharmaceutical Impactor (NGI),7 confirmed the
applicability of abbreviated measurements with this
type of OIP.8 Since then, several independent studies
have been undertaken with most of the various OIP
formats, all broadly confirming that the AIM Con-
cept is viable experimentally. In December 2010, a
workshop will be held as part of the Drug Delivery to
the Lungs 21 conference, at which this experimental
work will be presented as a collection and future
needs will also be identified. AIM is now a mature
technology, with several alternative apparatuses that
potential users can adapt to their particular OIPs.

Simplified, yet more powerful, metrics
of OIP performance than grouped CI
stage mass data
The CI-WG also tackled the task of finding size-rele-
vant metrics that could be used to avoid the need for
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the complexity associated with the handling of APSD
data acquired by full resolution CIs.9 An important
requirement was the need to avoid confounding of
size-related metrics, as happens when the mass on
each stage of a CI is grouped into two or more size
classes to cover coarse, fine and possibly extra-fine
particles.10 Stage grouping has been advocated by
regulatory agencies for some time.11-12 However,
when mass is transferred from one group to the next
as the consequence of a shift in APSD, the decrease
in mass in the former stage group is automatically
counterbalanced by the increase in mass in the latter
grouping. The CI-WG discovered a highly simple, yet
elegant, approach to overcome this disadvantage,
based on the impactor sized mass (ISM) or the total
mass collecting on stages of a full resolution CI that
have an upper bound cut-off size (Figure 1).

By splitting ISM into two parts, large (LPM) and
small particle (SPM) mass, with the boundary chosen
to be as close as practical to the MMAD of the APSD,
they were able to show that the ratio LPM/SPM and
the sum LPM + SPM are highly sensitive to small
changes in APSD, and at the same time are also inde-
pendent of each other and therefore unconfounded.13

This independence of the metrics has important con-
sequences in the ability to make correct decisions
concerning batch disposition in an OIP quality con-
trol environment. Analysis of the probability of either
type-I (acceptable product rejected) or type-II (unac-
ceptable product accepted) statistical error through
operational characteristic curves (OCCs) has demon-
strated the superiority of Efficient Data Analysis
(EDA) over grouped stages for making correct (QC)
decisions. An example is shown in Figure 2, based on
historic data for a particular OIP.

AIM and EDA in a product life cycle
AIM and EDA are close partners, as the EDA metrics
can be readily determined by abbreviated as well as
full resolution CIs. The next stage of the CI-WG
development plan for AIM-EDA was to assess how
these two concepts can be implemented throughout
the life cycle of a typical OIP, from early stage devel-
opment into production and quality control.14 The
approach taken has been to emphasize the inherent
complementary roles of full resolution CI and AIM
based measurements (Figure 3). In general, full reso-
lution CI is an important tool to characterisize the

Figure 1
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APSD properties of a product, while AIM-EDA is best
suited to making rapid accurate QC-type decisions,
i.e. detecting changes or differences from the norm.

The typical OIP development would establish a tar-
get APSD profile for a safe and effective product
through full resolution CI and use this technique
where obtaining the full APSD profile is important.
The full resolution CI is therefore still recommended
for the following purposes:

1. to define APSD of product for the clinical batches;

2. to identify failure modes for the APSD;

3. for justification of changes in APSD;

4. to establish a correlation with AIM-QC or AIM-
pHRT systems in order to justify their use (the prefix
‘p’ for the AIM-pHRT system reflects the fact that
the applicability of such abbreviated systems to pro-
vide measures of sub-fractions that provide clini-
cally pertinent data is provisional until evaluated
and validated for this purpose, likely in conjunction
with an anatomically correct upper airway instead
of the compendial right-angle bend induction port);

Figure 2

OCCs for grouped stages versus EDA metrics
based on the ability to detect a change of

OIP quality by a shift in MMAD:
The sharper the transition from p = 0.0 (reject)
to p = 1.0 (accept), the better the decision
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Roadmap for implementation of AIM-EDA in an OIP product life cycle using the ACI system as
illustrative equipment
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5. to select an optimal boundary between LPM and
SPM (e.g., near the MMAD or to maximize sensitiv-
ity to significant failure modes). 

In the proposed life cycle management strategy,
AIM-EDA would be used as a screening tool initially.
Later on in development, in order to prepare for rou-
tine use in the production environment, it is sug-
gested that AIM-EDA studies with the AIM-QC sys-
tem be conducted to: 

1. establish the correlation of LPM- and SPM-based
metrics with full-resolution APSD data; 

2. determine appropriate specifications for LPM/
SPM and ISM.

In production, the CI-WG suggest that AIM-based
measurements become the norm in the quality con-
trol environment, with full resolution measurements
made as needed (e.g. as part of an out-of-specification
and out-of-trend investigation, support for a process
change). Here, given the ability to make AIM-based
measurements at least two-times faster than by the
full resolution method,15 there is the advantage that
more samples from a given batch could be tested in a
particular assessment of batch quality. This potential
additional sampling could also lead to improved
decision-making in both product release and stability
testing. 

If post-approval changes to the OIP are needed, it is
proposed that full resolution CI measurements
would be part of the justification for the change and
establish the equivalence of the APSD after changes.
AIM-EDA testing either by QC or possibly pHRT
abbreviated systems (Figure 3) could then be applied
as a rapid indicator of batch quality, as described
previously for the production environment.

Finally, if the OIP was to be marketed nominating an
add-on device, such as a spacer or VHC, as is, for
example, required by current European regulations
for market authorizations in relation to pMDI-based
products,16 it is suggested that full resolution CI mea-
surements would initially be undertaken to define
the modified APSD in relation to that obtained by the
inhaler without an add-on. The pHRT-impactor
(Figure 3) could be used to assess rapidly ongoing
performance characteristics of the inhaler with an
add-on device in production. It is conceivable that an
inlet more closely simulating the upper airway17

might be used for both full resolution and abbrevi-
ated measurements in order to provide better corre-
lations with clinical data (so-called in vitro-in vivo
relationships or correlations). 

Conclusions
AIM-EDA has evolved from an idea to simplify and
therefore improve the speed at which CI measure-
ments are made to assess OIP aerosol aerodynamic
size characteristics into a structure that has the poten-
tial for far-reaching changes in the way OIPs are eval-
uated throughout their life cycles. The next stage in
the process is garnering both regulatory and compen-
dial acceptance of these concepts, which is being
undertaken by the CI-WG in various ways, including
further AIM-based experimentation and development
of the statistical basis underlying EDA. In addition,
feedback is being sought from stakeholders by orga-
nizing symposia and workshops at future meetings
where OIP performance is a consideration.
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