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Accuracy of postmortem radiography of excised
air-inflated human lungs in assessment of
pulmonary emphysema
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ABSTRACT The accuracy of radiography of excised air-inflated lungs in assessing pulmonary
emphysema at necropsy was evaluated in a series of 107 adults who had died in hospital by reading
the radiographs and examining the pathological specimens independently. The radiographic and
pathological assessments of the severity of emphysema correlated significantly (r = 0.87,
p < 0.0001). Mild emphysema was recognised radiographically in 88*7% and moderate in 94*9% of
the lungs. One of 16 normal lungs (6.3%) was radiographically diagnosed as showing mild
emphysema. Six out of 53 lungs (11.3%) with mild emphysema were radiographically assessed as

normal. The correct radiographic recognition of the type of emphysema was possible in 86% of
lungs with mild and 97*4% with moderate centrilobular emphysema and in 81 8% and 87 5%
respectively of the lungs with mild and moderate paracicatricial emphysema, but in only 25 0% and
28-6% of the lungs with mild and moderate panlobular emphysema. Radiographical diagnosis of
centrilobular and paracicatricial emphysema was verified pathologically in all lungs showing mild
emphysema, but that of panlobular emphysema in only 66*7%. Radiography of excised air-inflated
lungs is a rapid, convenient, and reliable method of recognising and assessing the severity of
appreciable degrees of centrilobular and paracicatricial emphysema, but less reliable in recognising
panlobular emphysema. After the procedure the specimen remains available for almost any other
technique.

Most students of lung pathology agree that the only
satisfactory way of preparing the lungs at necropsy to
show emphysema is to fix them in their distended
state,I and many methods of achieving this have been
published.2 These methods, however, are of little
help in the detection of focal bronchiolar lesions and
pulmonary vascular disease, granulomas, or small
areas of fibrosis.3 We recently published a method for
radiographing excised lungs during air inflation after
the blood vessels have been ligated,4 and developed
criteria for recognition in the radiograph of various
circulatory and inflammatory disorders as well as of
emphysema alone and with other lesions.' After
radiography the lung may be dissected fresh or fixed
in any way desired. The radiograph may also help to
relate the appearances of the pathological specimen
to those of the patient's chest film.
This study was designed to evaluate the accuracy of
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these criteria in the radiographic recognition and
assessment of the severity and type of pulmonary
emphysema at necropsy. For this purpose two radio-
logists read a series of postmortem radiographs with
no prior knowledge of the corresponding patho-
logical specimens, while two pathologists
independently examined the specimens.

Methods

The material we studied-52 right and 55 left adult
lungs from 107 hospital necropsies-was completely
different from that used previously in the develop-
ment of diagnostic criteria.8 Many of the lungs were
from patients who had suffered from chronic airflow
obstruction. Lungs with intrabronchial neoplasms
were excluded because of technical difficulties in air
inflation and fixation. There were 72 men and 35
women in the series, their ages ranging from 33 to 99
years (mean 70*2 years).
The technique has been described in detail.4

Briefly, the lung was excised as intact as possible and
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the eventual pleural tears were tied or sutured. The
blood vessels were ligated and the lung was

radiographed in two perpendicular projections, a

slow film being used in a gridless cassette exposed in a
mobile condenser discharge x-ray unit at a focus-to-
film distance of 1 m during continuous intrabronchial
air inflation with a pressure of 15-20 cm HPO. After
radiography the lung was fixed intrabronchially with
a solution containing polyethylene glycol, alcohol,
and formalin; dried by air insufflation; and sliced
sagittally into 1-cm slices.9
The pathologists (SS, PP) classified emphy-

sematous lesions with the naked eye into centri-
lobular, panlobular, and paracicatricial types,"0 and
graded their severity with the help of a panel of
standard photographs supplied by Thurlbeck et al.11
Centrilobular emphysema was diagnosed when
lesions were unevenly distributed within the lobules
and panlobular when there was an evenly coarse
texture over entire lobules.12 Grade 5 was a trace
amount ofemphysema and grades 10-20 mild, grades
30-50 moderate, and grades 60 and over severe

emphysema, the maximum severity being grade
100.10 After completion of the radiographic assess-

ment the lungs with radiopathological discrepancies
were further examined with the low-power
stereomicroscope.
The radiologists (PL, RL) evaluated the severity

and type of emphysema in the postmortem
radiographs by using criteria already described in
detail.8 These are, briefly: In mild centrilobular
emphysema peripheral blood vessel densities are

often reduced in amount, show irregular branching,
and may be thin and broken. Small subpleural tissue

defects and a few bullae may appear. In moderate
centrilobular emphysema some vascular changes are

always present and most lungs show unevenly distrib-
uted tissue defects, but normal-looking lung still
prevails in large areas. In some lungs the shape is
slightly rounded and the convexity of the diaphragm
is straightened out. In severe centrilobular em-

physema the number of blood vessels is greatly
reduced and they are considerably dislocated, tissue
defects are extensive and unevenly distributed, and
the shape of the lung is always rounded and the
costodiaphragmitic sinus blunted. In mild
panlobular emphysema the fine reticular background
is often coarser than normal, the lung is often large
and may look rounded, and in some cases the number
of small blood vessels is reduced. Paracicatricial
emphysema appears as translucent areas around
scars. There are no reliable criteria for the recogni-
tion of moderate and severe panlobular emphysema.

In addition, the radiologists used a panel of
radiographs of lungs with different types and
severities of emphysema containing examples of
sources of errors.8 Other pathological processes were
also recognised on the basis of published criteria.-7
During the radiographic analysis each case was

commented on and documented separately. Finally,
the pathological and radiographic results were com-

pared statistically.

Results

According to the pathological assessment (table 1)
there were 16 lungs with no emphysema (fig 1), 38
with a trace, and 53 with at least mild emphysema.

Table 1 Correlation between pathological and radiographic assessment ofthe severity ofemphysema in 107 lungs

Radiographic Pathological grade
grade

No Trace Mild Moderate Severe Total

0 5 10 20 30 40 50 60 70 80 90 100

80 1 1 2
Severe 70 2 2 4 11

60 1 1 3 5

50 2 1 3
Moderate 40 1 1 1 2 5 14

30 1 1 4 6

20 1 4 1 5 11
Mild 10 3 14 3 1 3 2 1 1 28 39

No 0 13 24 2 2 2 43

Total 16 38 6 8 7 9 4 9 4 3 2 1 107

54 14 20 19

r = 0-87, p < 0-0001.
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Fig 1 Lateral radiograph ofan excised air-inflated normal
left lung showing regularly branching blood vessels and
delicate background.

The last group included 32 lungs with pure
centrilobular emphysema, three with pure
panlobular emphysema, seven with centrilobular
emphysema and paracicatricial emphysema, and two
lungs with all three types.
The correlation between pathological and radio-

graphic assessment of the severity of emphysema is
shown in table 1. When the type of emphysema was

disregarded the results of pathological and radio-
graphic assessments of severity had a highly signi-
ficant correlation (r = 0-87, p < 0.0001). Emphysema
that was pathologically at least mild was
radiographically recognised in 47 out of 53 lungs
(88.7%), and at least moderate emphysema in 37 out
of 39 (94.9%). Some overlapping of mild and mod-
erate and moderate and severe grades was observed
between pathological and radiographic assessments,
but only one lung with pathologically severe emphy-
sema was radiographically assessed as being of mild
grade.
Three lungs out of 16 showing no emphysema to

the naked eye on pathological examination were

radiographically assessed as showing mild em-

physema. When these lungs, however, were later re-

examined using also the stereomicroscope, two of
them showed minute foci of centrilobular em-
physema and paracicatricial emphysema in the apical
region, as did the radiographs. This left only one
false-positive radiographic assessment (6.3%). Six
lungs out of 53 (11.3%) showing at least mild
emphysema pathologically were radiographically as-
sessed as non-emphysematous (11.3%). In one of
these false-negative cases the lung had not been
adequately filled with air at radiography. In another
mild emphysema occurred in a grossly polycystic lung
and in a third it was associated with metastatic
cancer. In three cases no explanation for the erro-
neous assessment could be found.
Table 2 shows the results of radiographic assess-

ment of the type of emphysema in the lungs assessed
pathologically as having at least mild emphysema.
Centrilobular emphysema (figs 2-4) and
paracicatricial emphysema (fig 5), occurring alone or
in combination with other types, were recognised in
the radiographs in 86% and 81-8% of the lungs, but
the panlobular type (fig 6) in only 25%.

In the lungs assessed pathologically as showing at
least moderate emphysema (table 3) centrilobular
emphysema alone or in combination with other types
was radiographically recognised in practically all
cases (97.4%). The same held true for paracicatricial
emphysema (87.5%), whereas panlobular em-
physema was recognised in less than a third of the
lungs (28.6%).
The results of pathological verification of

radiographic classification of emphysema in 53 lungs
with at least mild emphysema are shown in table 4.
When centrilobular emphysema, alone or in com-

Table 2 Radiographical recognition of type ofemphysema
in 53 lungs assessed pathologically as being of at least mild
grade (some lungs showing more than one type)

Type of No in which No (%) in which
emphysema present recognised

radiographically

Centrilobular 50 43(86 0
Paracicatricial 11 9 (81-8
Panlobular 12 3 (250

Table 3 Radiographical recognition ofthe type of
emphysema in 39 lungs assessedpathologically as being of
at least moderate grade (some lungs showing more than one
type)
Type of No in which No (%) in which
emphysema present recognised

radiographically

Centrilobular 38 37 (974)
Paracicatricial 8 7 (875)
Panlobular 7 2 (28-6)
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Fig 2 Lateral radiograph ofleft lung showing mild
centrilobular emphysema (grade 20 both pathologically and
radiographically): there is reduction in the number of
peripheral blood vessels in the apicoposterior and anterior
segments of the upper lobe and tissue defects in the apex,
with multiple infarcts in otherparts ofthe lung.

bination with other types, was seen radiographically
the finding was verified pathologically in all 47 lungs.
Paracicatricial emphysema was seen radiographically
in considerably more lungs than those in which it was
pathologically verified in the initial examination. On
re-examination, however, the finding was pathologi-
cally verified in all 17 lungs. Thus radiography proved
more accurate than pathological examination by the
naked eye for recognising minute scars and minimal
paracicatricial emphysema. The radiographic diag-
nosis of panlobular emphysema made in six lungs was
pathologically verified in only four of them. The
proportion of pathologically verified radiographic
diagnoses of panlobular emphysema was essentially
the same as for paracicatricial emphysema in lungs
with at least moderate emphysema.

Discussion

In examining the lung at necropsy the pathologist
usually has to decide what kind of information is

Fig 3 Lateral radiograph ofleft lung showing moderate
centrilobular emphysema (grade 50 both pathologically and
radiographically): there is rounding ofthe anterior margin
and disappearance oftke diaphragm's convexity; blood
vessels are generally reduced; tissue defects are evident in the
posteriorparts ofthe lung; and two scars (arrows), with
abundant alveolar oedema and some interstitial oedema
posteriorly.

needed in any individual case before dissecting or
fixing the organ, since many techniques preclude the
use of others."3 Necessary information may be lost if
the need for it is recognised too late. Radiographing
the excised air-inflated lung after the blood vessels
have been ligated leaves most of the organ intact, and
the decision to dissect or fix may be made after the
interpretation of the radiograph, by which many

Table 4 Pathological verification ofradiographical
classification ofemphysema in 53 lungs assessed
pathologically as being ofat least mild grade (some lungs
showing more than one type)

Type of No in which No (%) in which pathologically
emphysema radiographically verified

present
Initial Re-examination
examination

Centrilobular 47 47 (100-0)
Paracicatricial 17 8 47.1) 17 (100-0)
Panlobular 6 3 (50-0) 4 (66-7)
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Fig 4 Lateral radiograph ofleft lung showing severe
centrilobular emphysema (grade 80 both pathologically and
radiographically): the shape is rounded, blood vessel
densities are greatly reduced, and tissue defects are
extensive.

Fig 5 Lateral radiograph ofleft lung showing apical scar
with surrounding mildparacicatricial emphysema (grade S
pathologically and grade 10 radiographically): alveolar
oedema is present in posteriorparts ofthe lung.

Fig 6 Lateral radiograph of right lung showing a trace
amount ofpanlobular emphysema (grade S pathologically
and grade 10 radiographically): there is bulging ofanterior
parts ofthe upper lobe indicating reduction in elastic
properties, with slight alveolar oedema in posterior parts of
the upper lobe.

Figo
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lesions may be recognised, excluded, or suspected.`8
The shortest time needed to get a reliable estimate of
emphysema by inflation fixation is one hour before
the lung is sliced but for permanent specimens at least
24-hour fixation is required.13 A radiograph of the
excised lung may be produced in 10-15 minutes, and
with some experience the presence or absence of
appreciable emphysema may be assessed in a few
minutes-a closer analysis of the radiograph taking
an additional 5-10 minutes.
Postmortem bronchography has been used in the

study of emphysema,14 and several correlative
radiological and pathological studies have been pub-
lished on the appearance and accuracy of evaluation
of emphysema on the chest radiograph;'S'8 but we
are not aware of any previous investigation of the
accuracy of the radiographic assessment of em-
physema at necropsy.

In cases judged pathologically as having severe
emphysema Thurlbeck and Simon were able to
recognise emphysema in 41% of the corresponding
chest radiographs taken during life.'8 As might be
expected, the exclusion of the chest wall and medi-
astinum and the use of a slow-film technique with
high resolution, as in our study, considerably in-
creases the accuracy of the radiographic assessment.
We found good agreement between pathological and
radiographic assessments of severity of emphysema.
The detection rate was high and the false-positive
rate low. Although centrilobular and paracicatricial
emphysema were reliably recognised radiologically
even when mild, the detection rate of panlobular
emphysema was poor and the false-positive rate high;
no cases of severe panlobular emphysema were
studied, however. Hasleton'9 observed that cases of
alveolar duct (that is, panlobular) emphysema are
both overdiagnosed and underdiagnosed on macro-
scopic point counting of the pathological specimen
and that reliable recognition is possible only by using
quantitative histological methods, such as the deter-
mination of the mean linear intercept. The accuracy
of the method of macroscopic quantitation of em-
physema used by us is comparable to macroscopic
point counting." Thus more sophisticated quan-
titative study of the pathological specimen would
probably be needed in the development of new
criteria for recognising and grading panlobular em-
physema in the radiograph.

In conclusion, radiography of the excised air-
inflated lung is a rapid, convenient, and (at least in
our hands) very reliable method for recognising,
classifying, and assessing the severity of significant
centrilobular emphysema and paracicatricial em-
physema at necropsy; while the recognition of
panlobular emphysema awaits further development
of reliable criteria.

We are grateful to Professor Pekka Vuoria for help
with the manuscript, Mr Tapio Leinonen and Mrs
Liisa Karki for technical assistance, and the Sigrid
Juselius Foundation and Finnish Antituberculosis
Association for financial support.
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