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Measurement of lung tissue mass in Prneumocystis
carinii pneumonia
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ABSTRACT Transmission-emission scanning of the thorax with a flood source of technetium-99mx
(®"Tc), autologous “"Tc labelled red blood cells, and diethylenetriaminepenta-acetic acid (*™Tc;

DTPA) allows measurement of thoracic tissue thickness and blood and interstitial volume per plxel ofm
the gamma camera image. Volume of blood or interstitium per pixel divided by pixel area gives theS
thoracic tissue thickness for these two compartments. A measure of lung tissue thickness may be3
obtained by subtracting chest wall thickness as measured on a lateral chest radiograph. As part of the”
evaluation of this techmque 13 patients were scanned before treatment for proved or presumeds
pneumocystis pneumonia and their results were compared with those of 12 normal young meng
approximately matched for age. In the patients with pneumocystis pneumonia lung tissue thickness at,_\
the base of the right lung averaged 3-4 cm (71 %) more than that in the normal subjects, and mterstltlaloo
thickness was 1:2cm (150%) more than in the normal subjects. After treatment 10 of the patients with™

pneumocystis pneumonia were scanned again. Lung tissue thickness remained greater than thes
control value by 1-2 cm and interstitial tissue thickness by 0-5 cm. Blood thickness remainedS
unchanged. Lung tissue and interstitial tissue thickness was correlated with a numerical score of theg,
changes in the chest radiograph. The changes in the properties of the lung tissue compartments in them
patients presumably reflect the mural and intra-alveolar inflammation found in pneumocystls-h
pneumonia. Transmission scanning alone measures the increase of lung tissue thickness as well asS
transmission-emission scanning. It may be of value in monitoring the progress of this condition=
during treatment.
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Introduction

We have recently described a new technique for
estimating tissue mass using a gamma camera.' In
transmission scanning gamma rays are passed through
the thorax and by measurement of the attenuation of
the gamma rays the thickness of attenuating tissue can
be calculated. Lung tissue thickness is increased in
interstitial lung disease and decreased in emphysema.'
After a transmission scan has been performed the
patient’s blood is labelled with a gamma ray emitting
isotope, and the emission of gamma rays from the
thorax is measured, with a correction for attenuation
based on data derived from the transmission scan.
With suitable calibration the volume of blood in each
pixel of the gamma camera image can be determined
from the counts per millilitre of blood. Finally, the
extracellular fluid is labelled, and after a suitable time
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for equilibration values for thoracic interstitial ﬁllld&u
volume for each pixel are derived.

As part of the evaluation of this technique, we havé
studied patlents with Pneumocystis carinii pneumonia.Q
This disease is usually characterised by mcreased3
opacification of the chest radiograph, and we coulds
compare findings before and after treatment. Our’
hypothesis was that transmission-emission scanmngc
may supplement the radiological information, firstly,=
by giving precise measurements of the extent o
abnormal pulmonary shadowing and, secondly, byo
allowing images of abnormal tissue to be resolved intoX

intravascular and interstitial compartments. g
«Q
o
Methods o
-
PATIENTS 3
(]

Thirteen patients with human immunodeficiency virusg
(HIV) related respiratory illness agreed to be scarmedo
as part of their investigation and assessment. Theyg
were aged 33—61 (mean 39) years. The mean height wasZ
177 cm and weight 70 kg. All were admitted to hospitaly
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with typical clinical and radiographic features of
pneumocystis pneumonia. Hypoxaemia at rest was
present in all cases, but bronchial washings showed
cysts of P carinii in only four of the seven patients who
had bronchoalveolar lavage. In the remaining patients
clinical and radiological features together with
response to treatment were taken as indicating
pneumocystis pneumonia. Treatment with either high
dose co-trimoxazole or pentamidine produced clinical
and radiographic improvement in all patients. In no
instance was any other microbiological cause for the
pneumonia found. None of the patients abused
intravenous drugs.

All transmission-emission scans were performed
after the start of treatment but within seven days of
presentation. Ten patients were restudied one to three
months later.

Scans were also performed on 12 healthy male
volunteers, who were all members of hospital staff of
similar age, height, and weight. There was no evidence
of lung disease in any of these subjects.

All subjects gave their informed consent for
inclusion in this study, which was approved by the
ethical committee of Charing Cross Hospital.

SCANNING
With minor modifications, our scanning techniques
were the same as those previously described and
validated.' Briefly the method is as follows.
Transmission scanning was performed with a flood
source consisting of a perspex container filled with an
aqueous solution of 25 mCi of technetium-99m (*™Tc)
labelled pertechnetate. This was scanned with a
gamma camera (Scintag, NE 8900, Nuclear Enter-
prises) for two minutes to obtain unattenuated flood
source counts (Io). The'subject was then seated facing
the flood source and with his back to the gamma
camera, and a further two minute scan was performed,
the counts this time representing gamma rays atten-
uated by their passage through the thorax (I). The
attenuation of gamma rays depends on tissue thick-
ness (x) and the linear attenuation coefficient (u). Thus

I/Io = e™*.

The flood source was then removed and a commer-
cially available bone scan kit (Osteolite, Amersham,
UK) containing 0-34 mg stannous fluoride was recon-
stituted and injected to prepare the erythrocytes for
#=Tc labelling.” Ten minutes later 10 ml of blood was
withdrawn into a syringe containing 3 mCi of **Tc
pertechnetate. With this technique there was always at
least 90% binding of *™Tc to the red blood cells. The
labelled blood was then reinjected into the patient. A
further emission scan was then recorded for two
minutes, starting eight minutes after reinjection.
During the scan a 6 ml blood sample was taken to

measure *™Tc activity in whole blood and plasma in a
well counter, and to measure packed cell volume; 7
mCi of *Tc DTPA was then injected to label the
extravascular compartment, followed by scanning for
a further two minutes, starting three minutes after the
injection. During this period a further 6 ml blood
sample was taken to measure whole blood and plasma
radioactivity. To obtain a scan of *"Tc DTPA free of
counts from *®™Tc labelled erythrocytes we subtract the
stored blood image from the composite image.

Emission scans are corrected for attenuation by
means of the formula

Eux
Eo=—7"T"

(1 -e™)
where E is the measured activity from the thorax, and
Eo the total unattenuated counts. The ux used in the
equation is derived from the transmission scan.' Blood
volume was calculated on the basis of the *™Tc
erythrocyte counts from the blood taken at the time of
scanning, on the assumption that thoracic blood
packed cell volume is 0-9 of peripheral venous packed
cell volume.’ Interstitial volume was obtained by
subtracting calculated plasma volume from *"Tc
DTPA distribution volume. A computer program was
used to select regions of interest from apex to base
down the central regions of both lung fields. Analysis
was performed on each pixel of the gamma camera
view. Blood volume and interstitial volume divided by
pixel area (0-64 cm?) give a value for the “thickness’ of
these compartments.

After scanning, posteroanterior and lateral chest
radiographs were taken with radio-opaque markers
attached to the skin. Chest wall thickness was
measured from the lateral radiograph. Thoracic tissue
thickness, blood thickness, and interstitial tissue thick-
ness were measured at four levels in the lower half of
the right lung. Chest wall thickness was subtracted
from thoracic tissue thickness to give lung tissue
thickness.

We assessed the appearance of the chest radiograph
at the time of scanning using a semiquantitative
scoring system (table 1). The radiograph was given a
number on the basis of the extent and density of
parenchymal lung shadowing. The films were coded
before being read by one of us, so that the radiographic
information was unbiased by knowledge of the scan
itself.

STATISTICAL ANALYSIS

Paired and unpaired ¢ tests were used to assess the
significance of the results of the transmission-emission
scans. Spearman’s test of ranked non-parametric
correlation was used to determine the degree of
relationship between lung tissue thickness and inter-
stitial thickness and radiographic score.
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Table 1 Radiographic assessment of pneumocystis
pneumonia
No of
Score patients
Pe{;hilar lung shadowing . 0
af
Defnite 2 0
Dense 3 0
Dense with air bronchogram 4 2
Shadowing throughout lung field
Vague 3 3
Definite 4 3
Dense 5 1
Dense with air bronchogram 6 4

Results

The results for each subject are shown in table 2 and
those for each group in table 3. Thoracic tissue
thickness was increased by 2-6 cm, blood thickness by
3-4 cm, and interstitial thickness by 1-2 cm in the 13
patients with pneumocystis pneumonia by compari-
son with values in 12 normal subjects.

Table 2 Initial scanning* values for thoracic, lung, and
interstitial tissue thickness (Tt, T, Tin) and bronchoscopy
findings in patients with Pneumocystis carinii pneumonia

P carinii

Patient Tt Tl Tin Daysto  inbronchial
No (cm) (cm) (cm) scant washings

1 97 63 24 7 —

2 10-8 6-8 1-9 1 No

3 149 11-9 2 6 —

4 132 9-2 23 5 —

5 12-5 93 32 1 —

6 9-5 58 1-6 2 Yes

7 10-5 65 2 4 No

8 131 91 117 1 No

9 125 8 12 1 Yes
10 103 63 — 2 Yes
11 12-7 79 1-3 6 Yes
12 17-6 123 — 2 —
13 114 7-4 — 2 —

*Three patients (10, 12, and 13) had transmission scans only.
tFrom start of treatment to scanning.

Table 3 Mean (SD) thickness of transthoracic tissue compartments in the normal subjects and patients with Pneumocystis
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NORMAL SUBJECTS
About 55% of the gamma ray attenuating tissue in the.‘ﬁ
anteroposterior plane was in the chest wall. Blood2
thickness was greater at the base of the lung than at the"-—T
apex. No such gradient was found for interstitial ussue:-
thickness (fig 1a). At the base of the right lung mean3.
(SD) blood thickness was 2-3 (0-6) cm (48% of lungd
tissue thickness) and interstitial tissue thickness 0- SH
(0-2) cm (17% of lung tissue thickness).

1/9ETT 0

PATIENTS WITH PNEUMOCYSTIS PNEUMONIA
At the initial scanning thoracic tissue thickness wa§
122 (2-3) cm, lung tissue thickness 8-2 (2-1) cm, and>
interstitial tissue thickness 2-0 (0-6) cm. Interstma@
tissue thickness was equal to or greater than bloodcD
thickness throughout the length of the lung (fig 15). 8
After treatment lung tissue mass was significantlyS
smaller (p < 0-01) than before treatment (fig 2)~
Interstitial tissue thickness at the base of the lung wasZ
now less than blood thickness (fig 1c), but remained2
significantly greater than in normal subjects (table 3).2
The radiograph score showed a significant andg
positive correlation with lung tissue thickness (p <&
0-05) and interstitial thickness (p < 0-05) (figs 3a andD
3b) but no significant correlation with blood thickness.2

Discussion

apeojum

In patients with pneumocystis pneumonia who have=-
an abnormal chest radiograph we have shown thato
tissue thickness (in the anteroposterior plane) was 2-
cm (27%) greater in the lower lung zone than in age
matched normal subjects. We also found an increase mQ
extravascular ®™Tc DTPA distribution volume, sug-:'
gesting that some of the radiological opacification isg
due to an increase in extracellular and extravascular*
lung water. These changes in tissue and interstitial
tissue thickness correlated with a numerical scoring oﬁ-‘,'
the chest radiograph. Blood thickness was norma
The technique uses readily available equipment andi
reagents and was acceptable to the patients. There3
were no complaints or comphcatlons

Technetium-99m DTPA is a small hydrophlllc:
molecule that is distributed with extracellular fluid. It*°

14

carinii pneumonia
Thickness (cm)
Transthoracic Chest wall Lung Blood Interstitial
Normal 9-6(1-3) 48(14) 48(1-2) 2:3(0-6) 0-8 (0-2)
Pneumocystis pneumonia
First study 12:2 (2:3)*** 4-0 (0-9) NS 82 (2-1)** 2:1(0-6) NS 2:0 (0-6)***
Follow up 9-8 (1-'1) NS 4-0 (0-9) NS 6:0 (1-0)** 2-1(0-5) NS 1:3(0-3)**

Significance (in the comparison with normal subjects): **p < 0-01; ***p < 0-005.
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Fig 1 Thoracic blood (- ) and interstitial (- - -) thickness from apex to base of the right lung in (a) 12 normal subjects; (b) 10

patients with pneumocystis pneumonia; (c) 10 patients with pneumocystis pneumonia after completion of treatment. Bars indicate 1 SEM.
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Fig2 Lung tissue thickness in pneumocystis pneumonia
before and after the completion of treatment (p < 0-01).
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does not enter cells to any appreciable extent.
Molecules of this size readily cross lung capillary
endothelium and rapidly appear in lung lymph, reach-
ing the same concentration in lymph as in plasma.*
¥mTc DTPA is, however, restricted in its passage
across alveolar epithelium. In normal non-smoking
individuals the half time of the diffusion of **Tc
DTPA across alveolar epithelium is about 60 minutes,
but this is reduced to about two minutes in
pneumocystis pneumonia.”’ Pathologically pneu-
mocystis pneumonia is characterised by disruption of
the alveolar epithelium, an alveolar luminal exudate,
and inflammation of the septal interstitium.*’ In the
presence of this epithelial damage, *Tc DTPA might
be expected to cross the alveolar epithelium and
equilibrate with interstitial exudate within the five
minutes between injection and scanning. The isotope
will also equilibrate with inflammatory exudate in
the alveolar septal interstitium. Interestingly, in
cardiogenic pulmonary oedema, in which we believe
the alveolar epithelial barrier to be intact, we have
observed only modest increases in ®*Tc DTPA space
despite obvious radiographic changes and large
increases in thoracic tissue thickness. In sarcoidosis
and fibrosing alveolitis varying increases of interstitial
tissue thickness are seen,' presumably owing to
alveolar septal inflammation, and this may depend on
disease activity.

The comparison of scanning and radiographic
changes suggests that the increase in lung tissue due to
pneumonia may be quantified just as well by the simple
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Fig3 Radiographic assessment (see table 1) of pneumocystis pneumonia against (a) lung tissue thickness (r = 0-62,
p < 0-05; n=13) and (b) interstitial tissue thickness (r = 0-67, p < 0-05; n=10).

technique of transmission scanning as by the more
complex transmission-emission technique. The ab-
sorbed dose of radiation from transmission scanning is
minute (about 0-002 mSv) by comparison with trans-
mission-emission scanning (1-2 mSv—approximately
equivalent in terms of the marrow and gonadal dose to
one abdominal radiograph). Transmission scanning
takes only two minutes, needs no intravenous injec-
tions, and simply requires that the patient remains
seated in the same position. It may therefore have a
role in monitoring disease progress during treatment.
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