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Abstract
The assessment ofemphysema in human
lungs has traditionally been based on
observations made on whole lung slices.
These methods are inappropriate for the
study of early emphysema, because as
much as 75% of the alveolar wall surface
area may have been lost by the time
airspaces are visible to the naked eye. A
new, automated image analysis system,
the Fast Interval Processor (FIP), was
used to measure airspace wall surface
area per unit volume of lung tissue
(AWUV). AWUV was measured on his-
tological sections of lung tissue and
expressed in mm2/mm3. The study sam-
ple consisted of resection specimens
from 40 patients (32 men and 8 women
whose ages rang-ed- from-73-74 years).
Histological sections from the inflated
specimens were scanned using the FIP,
and a mean AWUV value was calculated
for each. The intra- and interobserver
reproducibility of this method of
measuring AWUV were examined. The
results obtained using the FIP were also
compared with those from an estab-
lished image analysis system.
The FIP is a fast, efficient technique

which gave highly reproducible results
comparable with those obtained with an
established and much more time con-

suming measuring technique.
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Emphysema is defined as "a condition of the
lung characterised by abnormal, permanent
enlargement of airspaces distal to the terminal
bronchiole, accompanied by destruction of
their walls, and without obvious fibrosis'
Emphysema has traditionally been assessed

by examining whole lung slices for the
presence of macroscopically recognisable
emphysema.27 By the time emphysematous
spaces are visible to the naked eye, however,
as much as 75% of the alveolar surface area

may have been lost.8 Macroscopic assessments
are therefore inappropriate for the study of
early emphysema.

Various attempts have been made to assess

the extent of early emphysema on histological
sections, but the methods used have tended to
be subjective and non-quantitative.'-"
The mean linear intercept (Lm) has become

the standard technique for measuring alveolar
surface area on tissue sections, an approach
intended to reflect the loss of respiratory tissue
due to emphysema.2 5 12-l As Nagai et al repor-
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ted, however," in addition to being labour
intensive, this is also a time consuming tech-
nique, taking an average of 45 minutes for one
section.

Semiautomatic and automatic image
analysis systems take much of the effort out of
microscopic measurements of emphysema.
These systems give accurate measurements on
individual fields. The sampling procedure,
however, is limited by the time taken to com-
plete each measurement, usually around five
minutes for a single histological field."'

Methods
THE TECHNIQUE
The Fast Interval Processor (FIP) (fig 1) is a

rapid scanning device which was developed by
staff at the Medical Research Council Human
Genetics Unit in Edinburgh. It is a prototype
version ofa scanner which is now commercially
available as the "Cytoscan" (Image Recogni-
tion Systems, Warrington, Cheshire, England).
The machine was originally designed as a

prescreening device for cervical cytology
specimens12 23 and has been adapted for use with
lung tissue. The FIP uses the same approach as

the mean linear intercept (Lm) technique,
whereby the number of intercepts of tissue
with a test line is counted, and this figure is used
to calculate the average distance between inter-
cepts. A value for tissue surface area can be
derived from Lm.24
The FIP consists of a computer-linked

Nikon inverted microscope equipped with a
motorised stage and a Fairchild CCD linear
image sensor. The sensor consists of a station-
ary array of photosensitive units which recog-
nise the optical density pattern ofthe specimen.
Each histological section is scanned electron-
ically in the y-axis by the sensor at 10 pm
intervals. Sections are scanned mechanically in
the x-axis by moving the stage in 1 pm steps.
The scanning rate is 2000 1 pm steps per

second, so the stage moves continuously.
In total, an area of 121mm2 is scanned on

each histological section. As the stage is moved
the section passes, and is scanned by, the
stationary linear image sensor. The image
obtained from the scan consists of a grid of
picture elements or "pixels". A user-defined
threshold limit determines which pixels are
recognised as tissue pixels and which are back-
ground pixels. A size filter ensures that groups
ofthresholded pixels less than 6 pm in diameter
are ignored. This gets rid of most of the cells,
debris, and background "noise" which may be
thresholded. Contiguous groups of thresh-
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Figure I The Fast Interval Processor (FIP).

olded pixels in one scan line are treated
together as "intervals". Intercepts with the
electronic "test-line" and the start and end of
each interval-that is, two intercepts for each
interval-are recorded (fig 2).
For ease of calculation, intercept totals from

each 1 mm2 field (unit area) are stored by the
computer. Each electronic scan creates a "test-
line" 1 mm in length for each field, and as fields
are scanned at 10 im intervals the total test-line
length is 100 mm for each field (100 electronic
scans 1 mm in length in each field). The mean
linear intercept can thus be calculated:
Lm = total test-line length/total number of

intercepts
As two intercepts have been counted for each
airspace wall (interval) the formula for surface
area is:

SA = 2V/Lm24
Airspace wall surface area per unit volume
(AWUV) is expressed in mm2/mm3
(V = 1mm3). The formula thus becomes:

AWUV = 2/Lm (mm2/mm3)
Histological sections from 40 lungs were scan-
ned using the FIP. The central coordinates of
these sections were recorded using an England
Finder Graticule (Graticules Ltd, Tonbridge,
Kent, England) so that each 1mm2 field could be
relocated.

SAMPLING TECHNIQUE
Lungs or lobes were obtained from 40 surgical
resections for peripheral tumours. Of these, 32
patients were male and eight were female, with
ages ranging from 23 to 74 years. The resected
lung or lobe (hereafter referred to as lobe, as in
most cases the complete lung was not available
for study) was immediately inflated with formol
saline at 25 cm H20 and fixed in formol saline
for 24 hours, and then cut into 1 cm thick
parasaggital slices. The lateral two slices were
overlaid by a grid of 2 cm x 2 cm squares on a
transparent sheet, and six 2 cm x 2 cm blocks
were cut from each slice, using a table of
random numbers to provide the coordinates of
each block (fig 3). The blocks were then embed-
ded in glycol methacrylate before being cut into
3 gm thick sections and stained with haema-
toxylin and eosin.

TISSUE PROCESSING
The sections used in this study were initially
prepared as part of a study of the dimensions of
small airways. It was therefore important to
ensure that the distortion of the tissue due to
processing was kept to a minimum. For this
reason, glycol methacrylate (GMA) was used as
the embedding medium, as it had been shown
to produce negligible shrinkage or compres-

25sion. As this processing method is extremely
time consuming, however, (only two cases are
processed in a week), and because small airway
morphology was not a concern of this study, the
possibility of using paraffin wax embedded
tissue was examined.

Tissue sections from 12 of the 40 cases were
available for studying the differences in results
produced by embedding in paraffin wax or
GMA. Each section was scanned routinely
using the FIP, and two mean AWUV values
calculated for each case-aGMA meanAWUV
and a paraffin wax mean AWUV. The results
from the paraffin wax sections were corrected
for shrinkage as follows. The tissue block area
was measured before processing and the area of
the cut section measured after processing. The
ratio of these measurements was used to com-
pute the area shrinkage, and the square root of
this gave the linear shrinkage. The reciprocal of
this figure was used as the correction factor. All
AWUV results from the paraffin wax embedded
blocks were multiplied by the correction factor

Figure 2 A
diagrammatic
representation of an FIP
scan. (A) Sections are
scanned mechanically in
the x-axis using the
motorised stage and
electronically in the y-axis
with the stationary linear
image sensor. (B) The
sensor scans the section at
10 gim intervals, each
electronic scan producing a
test-line 1 mm in length.
(C) Intercepts with the
test-line and tissue borders
are recorded. (D) A total
of 121 1 mm2fields are
scanned on each tissue
section. The arrows
indicate the direction of
the mechanical scan.

Direction of stage movement

Total scan area

Tissue section Scanned area

Sensor 1Opm

I A Test lines'

1 mm

Microscope Photosensitive sensor

slide (stationary)
-0- 1 mm o- 11 mm -

t

11m

1008

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.44.12.1007 on 1 D
ecem

ber 1991. D
ow

nloaded from
 

http://jcp.bmj.com/


New automated technique for assessing emphysema on histological sections

Figure 3 The method of
random sampling of blocks
from the lung slices. A 2
cm x 2 cm square grid was
overlaid on the lateral two
parasagittal slices cutfrom
thefixed inflated specimen
after resection. A table of
random numbers was used
to give the co-ordinates of
the six blocks to be taken
from each slice.
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COMPARISON WITH AN ESTABLISHED IV,
To test whether the AWUVs obtai
the FIP were comparable with the
previous studies, the mean AWUV
the 40 lobes were compared with the
the same lobes using the IBAS2 sem
image analysis system (Kontron:
Ltd, Watford, Hertfordshire, EnglE
system has been used to measure A%
past, and has been shown to gi
accurate and reproducible results.2"2

INTRAOBSERVER REPRODUCIBILITY
Histological sections from 10 lobesv
ted at random from the sample. T
scanned a second time, and the mea
for each lobe compared with the me-
from the first scan.

INTEROBSERVER REPRODUCIBILITY
Ten lobes were chosen at random fro
of 40. These were scanned by
observer, and the mean AWU
obtained were compared with the res
first observer. (The 10 lobes use
comparison were not necessarily the 4
which were used in the intl
reproducibility trial).

All statistical tests were carried ou
Minitab package.

Figure 4 Mean AWUV
measured on paraffin wax
embedded blocks plotted
against mean AWUV
measured on glycol
methacrylate blocks from
the same lungs. The
correlation coefficient for
these points is also shown.
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Figure 5 The mean AWUVfrom each lobefrom the
FIP is plotted against the mean AWUV obtained using
the IBAS2. The correlation coefficientfor these points is
also shown.

Results
There was a strong correlation between the
meanAWUVs from the paraffin wax andGMA
embedded blocks (r = 0-796; p < 0001)
(fig 4).
There was a good correlation between the

FIP results and the IBAS2 results (r = 0-882;
p < 000 1). The meanAWUV values obtained
by the two methods are plotted in fig 5.
A high degree of correlation was found

between the results ofthe first and second scans
by the same observer (r=0-995; p < 0.001)
and between the results of the FIP scans by two
different observers (r = 0-984; p < 0-001).

Discussion
The FIP gave comparable results using

,m the total paraffin wax and GMA embedded tissue taken
a second from the same cases when paraffin wax results
'V values were corrected for shrinkage. This result
sults of the indicates that it is feasible to use paraffin wax

d for this embedded sections to measure the mean

same lobes AWUV for a lung. Therefore, if the time
raobserver available for tissue processing is limited, and if

the measurement required is a single AWUV
t using the value for a lung, then tissue sections processed

in paraffin wax are of adequate quality for use
with the FIP, provided that shrinkage of the
block is taken into consideration in the calcula-
tion ofAWUV.
A high degree of correlation was found

r = 0-796 between the AWUV results from the FIP and
P<0001 those from the IBAS2, but the results from the

two systems were not identical for two major
reasons.

First, the two systems work on fundamen-
tally different principles. IBAS2 results are
based on very accurate measurements from
small areas of lung. FIP results are based on
morphometric estimates from wider areas of
lung. Such estimates are likely to be more
representative of the overall state of the lung,
according to the principle of "do more less
well", because the precision of an estimate is
affected more by the number of sample images

25 30 measured than by the precision with which the
single image is measured.28

.. I .1 ... . . . . . . .
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Figure 6 A
diagrammatic
representation of the
differences in sampling
technique between the
IBAS2 and the FIP. (A)
Using the IBAS2, three or
four single 1 mm2fields are
selected at random from
each section. (B) Using
the FIP, 121 1 mm2fields
are scanned on each
section.
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Second, an interactive editing function is
available on the IBAS2, while the FIP is fully
automated. This means that any non-paren-
chymatous tissue which is thresholded will be
measured using the FIP, but not using the
IBAS2. In general, errors caused in this way do
not account for a large part of the FIP result,
because the sample size is so large that positive
errors caused by, for example, macrophages in
the alveolar spaces (if they are too large to be
excluded by the size filter), will be cancelled out
by negative errors, such as lumina of bron-
chioles or arterioles. Areas of non-parenchyma
which are likely to affect the measurement to a
large extent can be excluded from the analysis
by editing the results as described below.
Although there were differences between the

methods, the correlation between the results
was considered close enough for FIP AWUVs
to be acceptable as representative of the
alveolar surface area of the histological sections
measured. For comparisons with previous
studies FIP results can be converted to IBAS2
equivalents using the regression equation for
the line which best fits the points in fig 5. A
similar conversion may also be required if the
FIP results are to be compared with surface
area measurements using other image analysis
systems.
The FIP produced negligible intra- and

interobserver variation. The reproducibility is
largely due to the high degree of automation of
the system. This has its advantages and dis-
advantages. While it ensures the objectivity of
the measurements, it also means that it is
impossible to edit the image presented to the
system. Because of this, sections from
oedematous lungs or sections of poor quality
are unsuitable for FIP analysis. This is
especially a problem when dealing with lungs
obtained at necropsy, where fluid and cellular
infiltrate are often found in the alveoli. A
degree of editing is possible, however, whereby
intercept totals from fields which contain a
large amount of cells or debris may be excluded
from the results. This is done by identifying
individual fields using their England-Finder
coordinates, locating the results from these
fields on the computer, and deleting them from
the results file. Alternatively, sections which
contain a large proportion of non-parenchyma
may be excluded from the scan altogether.

It is feasible to edit out intercept totals from
the results in this way because the area scanned
in each section is so large. An area of 121 mm2
was scanned on each section in this study,
leading to at least 1000 1 mm' fields for each
lobe, as opposed to an average of 30 fields using
the IBAS2 (fig 6). The scanning of such a large

area on each section is one of the major
advantages of the FIP. It is possible to relate
the AWUV values for each individual field to
the histological section and study the AWUV
patterns, and hence the patterns of microscopic
emphysema within a lobe or lung. (It should be
noted that the size of the FIP scan can be
altered according to the requirements of the
operator. The area of 121 mm2 was adequate
for the purpose of this study).
The other major advantage of the FIP is its

speed. Scanning at a rate of 2 mm2 per second,
12 histological sections can be scanned in
around 30 minutes, and much of this time is
involved in positioning the microscope slides
and setting threshold limits (the manual input).
It is therefore possible to assess emphysema in
a much larger number of cases than would have
been feasible using a slower method.
We conclude that the FIP is a rapid scanning

system which can be used to assess alveolar wall
surface area in histological sections. It is a user-
friendly device giving highly reproducible
results which are comparable with those
produced using an established image analysis
system. The combination of its speed and
the large number of fields analysed make the
FIP a valuable method for assessing early
emphysema in groups of subjects, and for
investigating the patterns of early emphysema
within the lung itself.

We thank Dr Malcolm Lang for his help with the interobserver
reproducibility assessment. This study was funded by Norman
Salvesen Trust for Emphysema Research.
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