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Evaluation of Lung Ventilation and Alveolar

Permeability in Cirrhosis

Chia-Hung Kao, Chih-Kua Huang, Shih-Chuan Tsai, Shyh-Jen Wang and Gran-Hum Chen
Department of Nuclear Medicine and Division of Gastroenterology, Taichung Veterans General Hospital, Taiwan,

Republic of China

This study sought to evaluate lung ventilation and alveolar perme-
ability (AP) in patients with cirrhosis of the liver. Methods: Puimonary
function in 29 patients with cirrhosis was measured by ® ™ Tc-DTPA
aerosol inhalation lung scintigraphy, using commercial lung radio-
aerosol delivery units. Equilibrium lung ventilation images were
visually interpreted according to the presence or absence of inho-
mogeneous distribution, inverted base-to-apex gradient and seg-
mental defects. Degree of AP damage to the upper, middle, lower
and total right lung was expressed as the slopes of the time-activity
curves from dynamic lung images. The patients were classified into
three groups, according to cirrhotic severity, using the modified
Child’s classification (A = good; B = fair; C = poor). Twelve healthy
nonsmokers (2 women, 10 men; 42-75 yr old) formed the control
group, and all had normal chest radiographic and puimonary func-
tion test results. Results: None of the 29 patients had significantty
abnormal lung ventilation findings, but 13 had reduced lung ventila-
tion in the basilar lung zone. The incidence of lung ventilation
abnormalities was 20% (3 of 15), 50% (3 of 6) and 88% (7 of 8) in
patients with nil, slight-to-moderate and moderate-to-severe as-
cites, respectively (p < 0.05 for nil versus moderate-to-severe
ascites). The AP studies showed higher time-activity curve slopes for
patients with cirhosis than for normal control subjects. The slopes
for the right total lung showed no significant differences among the
three groups; however, those for right upper and right lower lung
showed significant differences between some subgroups. In addi-
tion, albumin and bilirubin levels showed no significant cormelation
with slope values in cimhotic patients. Conclusion: Although lung
ventilation is normal in most patients with cirrhosis of the liver (16
[65%] of 29 in the present study), the disease can predispose
patients to AP damage; however, the degree of damage is not
related to cirrhotic severity.

Key Words: cirrhosis; lung ventilation; alveolar permeability
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Impairment of pulmonary function has long been associated
with severe hepatic disease (/,2); however, the physiological
mechanism of impairment has not been completely elucidated.
In recent years there has been an increase in the use of
9mTc-DTPA radioaerosols for clinical investigations. Aerosols
have replaced radioactive gases, such as #'™Kr and '**Xe, at
some centers. Technetium-99m-DTPA radioaerosols, generated
by a jet nebulizer, are inexpensive, readily available and have
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good scintigraphic quality. Technetium-99m-DTPA radioaero-
sols have been used to visualize lung ventilation (3-5) and to
evaluate alveolar permeability (AP) (6—/0) in various diseases.
The present study sought to evaluate *Tc-DTPA radioaerosol
lung scintigraphic changes in lung ventilation and AP in
patients with cirrhosis of the liver.

MATERIALS AND METHODS
Patients

Twenty-nine patients (3 women, 26 men; aged 3675 yr) with
cirrhosis of the liver secondary to chronic hepatitis were included
in the study. The patients were classified into three groups
according to severity of liver cirrhosis, using the modified Child’s
classification, which takes into account encephalopathy, ascites,
bilirubin and albumin levels, prothrombin index and prothrombin
time: class A = good; class B = fair; class C = poor (/). The AP
of patients with cirrhosis was compared with that of 12 normal
control subjects (2 women, 10 men; 42-75 yr old). No control
subject had a history of smoking, and all chest radiographic
findings and pulmonary function test results were normal (Table 1).
Radioaerosol Inhalation Lung Scintigraphy

Technetium-99m was chelated to DTPA by introducing 50 mCi
pertechnetate into a vial containing 20 mg DTPA and 2.2 mg tin
chloride. Technetium-99m-DTPA was prepared no more than 1 hr
before use, and ™"Tc-DTPA radioaerosol was generated by a
commercial lung aerosol delivery unit that contained 20 mCi
9mTc-DTPA in 2 ml saline. Radioaerosol droplet size was mea-
sured by an inertial impactor. The mass median aerodynamic
diameter of the *™Tc-DTPA radioaerosol was smaller than 1 um,
with an oxygen air flow rate of 7 liters/min. All subjects were
studied in the supine position, and they inhaled for 2 min from the
aerosol delivery unit until the total radioactivity was more than
200,000 counts by normal tidal breathing. Data were collected for
another 30 min by means of a large-field computerized gamma
camera over the posterior view that included the entire chest. The
data were acquired as a series of 30 consecutive frames of 1-min
duration each in a 64 X 64 matrix with word mode.

Data Analysis

Lung Ventilation. After background correction, the first image in
the series was selected as the equilibrium lung ventilation image.
Two independent observers judged the lung ventilation images
according to established criteria (/2,13), which included the
presence or absence of inhomogeneous distribution, inverted base-
to-apex gradient, segmental defects and basilar hypoventilation.
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TABLE 1
Clinical Characteristics, Washout Rates and LV during Technetium-99m-DTPA Aerosol Ventilation Scintigraphy in Control Subjects

Subject Age Height Weight Washout rate (%/min)

no. Sex () (cm) (ka) RUL RML RLL RTL Lv
1 M 69 161 62 0.1 0.68 1.83 0.88 Normal
2 M 42 160 68 0.75 047 0.72 0.76 Normal
3 M 63 176 77 0.53 1.28 1.32 1.21 Normal
4 F 68 158 55 0.31 0.67 1.95 0.93 Normal
5 M 75 170 68 0.80 1.36 2.09 143 Normal
6 M 62 168 63 1.28 0.92 222 1.25 Normal
7 M 66 175 70 1.37 1.64 0.95 141 Nomal
8 M 63 169 68 0.53 1.28 1.32 1.21 Normal
9 M 58 173 75 0.42 1.02 0.45 0.64 Normal

10 M 64 165 61 0.37 1.21 0.26 0.53 Normmal

1 F 64 155 56 0.25 0.31 0.56 0.54 Normal

12 M 62 165 68 0.61 0.66 0.67 0.76 Normal

RUL = right upper lung; RML = right middle lung; RLL = right lower lung; RTL = right total lung; LV = lung ventilation.

Alveolar Permeability. The summation of the series of 30 images
was displayed. Four regions of interest (ROIs) were manually
created over the upper, middle, lower and total right lung. Radio-
activity was corrected for radionuclide decay, and background-
corrected time-activity curves (Fig. 1) were generated individually
for the upper, middle and lower third portion and the total right
lung. An exponential line of best fit was calculated for each ROI.
The negative slope of this regression line was designated as the
washout rate and was expressed as percent decrease in radioactivity
per minute (%/min). The right lung was selected for analysis of
radioactivity clearance to avoid possible higher background radio-
activity from the stomach due to swallowed *™Tc-DTPA radio-
aerosols just below the left lung.

RESULTS

Clinical characteristics and lung ventilation and AP data for
the 29 study patients are shown in Table 2. No patient had
significant lung ventilation abnormalities, such as inhomoge-
neous distribution, inverted base-to-apex gradient or segmental
defects; however, 13 (45%) had an abnormal lung ventilation
pattern with reduced lung ventilation in the basilar lung zone
(Fig. 2). The Fisher’s exact test was used to analyze the
differences in abnormal lung ventilation among the three patient

RUL 1/3
RML VAR
RLL 1/3
L4
Left Lung Right Lung
Posterior View

FIGURE 1. Method of choosing ROls in regions of the right lung and selected
area of background (BK) correction. The BK correction formula is as follows:
Corrected mean counts/pixel in ROIs = Original mean counts/pixel in ROIs —
Mean count/pixel in BK area. RUL = right upper lung; RML = right middie
lung; RLL = right left lung.
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groups, and the statistical results are shown in Table 3. Table 3
also shows the incidence of basilar hypoventilation for the three
groups: 29% (4 of 14), 50% (5 of 10) and 80% (4 of 5 for
classes A, B and C, respectively). These results show mild
statistical significance (0.5 > p > 0.05) among the three patient
groups.

The Fisher’s exact test was also used to analyze the differ-
ences in the incidence of abnormal lung ventilation among the
three patient groups according to severity of ascites, and the
statistical results are shown in Table 4. Table 4 also shows the
incidence of abnormal lung ventilation for the three groups:
20% (3 of 15), 50% (3 of 6) and 88% (7 of 8) for nil, slight to
moderate and moderate to severe ascites, respectively). These
results show statistical significance (p < 0.05) for nil versus
moderate to severe ascites.

Table 5 shows the washout rates of *™Tc-DTPA. The
Student’s and Mann-Whitney U-tests were used to analyze the
differences between normal control subjects and patients with
cirrhosis, and the statistical results are shown in Table 6.
Although the difference is not very significant (p = 0.13),
patients with cirrhosis had a higher mean slope value (1.21 *
0.51 %/min) than normal control subjects (0.96 * 0.33 %/min).
The differences in slopes for right total lung among the three
groups (1.16 * 0.46, 1.28 * 0.67, 1.21 * 0.33 %/min for
classes A, B and C, respectively) are not statistically significant
(p = 0.62-0.84 > 0.5). However, significant differences (p <
0.05) were seen for control subjects versus patients with
cirrhosis, control subjects versus patients in class A and control
subjects versus patients in class B for right upper lung; and for
control subjects versus patients in class C for right lower lung.

In addition, the correlation coefficient, expressed as R?
values of serum albumin and bilirubin versus slope values for
patients with cirrhosis, was not significant (R = 0.037 and
0.013).

DISCUSSION

The lung parenchyma is essentially a three-compartment
structure, comprising the alveolar space, the vascular space and
the interstitium. The integrity of these compartments is funda-
mental to the maintenance of normal gas exchange. Small
aerosols can move across the compartments through transcel-
lular and intercellular route compartments (/4,15). The *™Tc-
DTPA radioaerosol inhalation lung scan is a sensitive marker of
the changes in permeability characteristics of the lung paren-
chyma. Technetium-99m-DTPA is deposited in the lining layer
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TABLE 2
Clinical Characteristics, Washout Rates and Lung Ventilation Status during Technetium-99m-DTPA Aerosol Ventilation Scintigraphy in

Patients with Liver Cirhosis

Pationt Age Washout rate (%/min) Lung Albumin  Biirubin
o. Sex o RUL AML ALL RTL  Ventiation  Ascites @/ (ma/di
1 F 54 0.07 057 222 0.76 Abnormal MS 20 7.1
2 M 36 0.43 122 0.4 099 Abnormal MS 24 314
3 M 61 143 161 288 156 Abnomal MS 17 a2
4 M 64 193 126 305 141 Abnormal MS 19 49
5 M 64 108 117 216 132 Normal N 07 45
6 M 68 201 2.60 256 262 Abnormal MS 15 24
7 F 55 0.72 1.14 1.06 043 Abnormal SM 38 15
8 M 60 1.88 1.99 1.80 1.04 Abnormal MS 36 16
9 M 62 156 168 282 099 Abnormal M 27 10
10 M 70 032 0.40 037 0.83 Abnormal M 21 28
11 F 64 1.06 126 170 1.15 Normal MS 28 25
12 M 66 157 1.70 0.70 1.8 Normal SM 31 24
13 M 60 0.96 111 221 0.77 Normal SM 23 49
14 M 64 068 035 123 121 Normal N 44 16
15 M 75 0.80 097 350 095 Normal SM 37 12
16 M 66 152 139 12 141 Abnormal N 34 06
17 M 67 1.86 115 143 112 Abnormal N 28 24
18 M 60 0.84 0.67 0.83 085 Abnormal N 32 14
19 M 59 125 1.08 0.60 097 Abnormal MS 31 11
20 M 66 232 153 1.80 151 Normal N 41 11
21 M 67 127 094 136 022 Normal N 32 10
22 M 54 176 172 125 085 Normal N 48 20
23 M 62 1.40 140 139 145 Normal N 39 14
24 M 64 020 027 161 201 Normal N 36 24
25 M 55 0.62 0.40 0.04 0.86 Normal N 48 08
26 M 65 0.1 116 054 1.44 Normal N 36 16
27 M 61 3.44 213 138 173 Normal N 42 06
28 M 69 0.49 0.65 147 087 Normal N 39 13
29 M 55 125 0.83 077 098 Nomal N 36 24

RUL = right upper lung; RML = right middle lung; RLL = right lower lung; RTL = right total lung; MS = moderate to severe; N = nil; SM = slight to

moderate.

of the pulmonary epithelial surface and then passes through the
barrier (16). Under these conditions, enhanced epithelial per-
meability occurs early and appears to be a very sensitive index
of pulmonary damage (/7). The **™Tc-DTPA radioaerosol lung
scan has been used to investigate epithelial permeability under
different physiological conditions (7,8) in subjects who smoke
(18) and in patients with various pulmonary disorders (6,19).
Clearance of ®™Tc-DTPA increases in patients with diseases
known to involve the alveolar-capillary membrane, such as
adult respiratory distress syndrome (/9) and interstital lung
disease (6).

Multiple factors, such as radioaerosol molecular weight,
deposition site, recirculation, stability, ventilation pattern, ex-
ercise and posture, can affect AP (7,14,17,20). Comparison of
our normal reference values with our previously published data
(21,22) was very difficult and nearly impossible. In general, the

A

FIGURE 2. Normal (A) and abnormal (B) lung ventilation pattemns. Reduced
ventilation is seen in basilar zone of right lung (arrow).
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normal washout rate in the supine position for younger, healthy
nonsmokers is approximately 0.8 0.9 %/min (21,22). This rate
seems slightly faster than ours (0.96 %/min), which may be due
to the use of a different procedure.

Since the publication of Child’s classification (23), there has
been success in estimating the severity of liver disease. Because
the Child’s classification includes measures of liver function
(serum bilirubin, serum albumin, prothrombin time) and sever-
ity of ascites, we consider it adequate for representing cirrhotic
severity in the present study.

Pulmonary function has been studied in patients with cirrho-
sis of the liver (/). The results show no impairment of air
distribution and no inequality of ventilation (/). Although

TABLE 3
Incidence of Abnormal Lung Ventilation during Technetium-99m-
DTPA Aerosol Ventilation Scintigraphy in Subjects and Patients

Incidence of abnormal lung

Study group ventilation (no. of pts) p value
Control subjects 0% (0/12) } <0.02
Patients with cirthosis 45% (13/29)

Class A 29% (4/14) } 026
Class B 50% (5/10) } o007
Class C 80% (45 | 0.29

Class A = good; Class B = fair; Class C = poor.
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TABLE 4
Incidence of Abnormal Lung Ventilation during Technetium-99m-
DTPA Aerosol Ventilation Scintigraphy in Cirrhotic Patients

According to Severity of Ascites
Incidence of abnormal
Severity of lung ventilation
ascites (no. of pts) p value
N 20% (3/15) } 0.20
SM 50% (3/6) } <0.05
MS 88% (7/8) | 0.18

N = nil; SM = slight-to-moderate; MS = moderate-to-severe.

measurements with '3>Xe showed reduced ventilation in the
basilar lung zones in cirrhotic patients without ascites (24), in
our study the results of lung ventilation with *™Tc-DTPA
radioaerosols revealed that massive ascites may cause lung
ventilation of the basilar lung zone in patients with cirrhosis
(Table 4).

Davis et al. (2) concluded that hepatic cirrhosis predisposes
some patients to dilated gas-exchanging blood vessels. Berthe-
lot et al. (25) reported that in 13 patients with cirrhosis, the
alveolar septa of the lungs were more vascular than that of
normal subjects (25). Previous studies (24,26—28) have con-
cluded that biliary cirrhosis in rats and humans leads to dilated

small pulmonary vessels and increased vascular permeability.
The clearance of small aerosols from the alveoli is primarily
limited by diffusion (/4,29-31), and the diffusion rate is related
to regional pulmonary blood flow (29-31) and AP.

The clearance of small hydrophilic aerosols such as *™Tc-
DTPA depends on both capillary permeability and regional
perfusion (7,8,32,33). The increased vascularity and capillary
permeability of the alveoli result in increased blood flow and
permeability and are most likely responsible for the increase in
clearance of *™Tc-DTPA radioaerosols (a larger slope value)
in our study. In addition, changes in the structure of the
aerohematic barrier were found in mice with liver cirrhosis, and
these changes are similar to those found in interstitial lung
disease (34). Changes in aerohematic barrier structure may also
play a role in the increased rate of alveolar clearance of
99mT¢c-DTPA radioaerosols in cirrhotic patients.

CONCLUSION

Cirrhosis of the liver can predispose patients to basilar
hypoventilation and mild AP damage; however, the degree of
AP damage is not related to cirrhotic severity. The presence of
basilar hypoventilation and AP damage may represent the initial
signs of lung complications in patients with cirrhosis and may
be considered an alternative to traditional diagnostic tools, such
as chest radiographs and pulmonary function tests.
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Whole-Body PET: Physiological and Artifactual
Fluorodeoxyglucose Accumulations

Hermann Engel, Hans Steinert, Alfred Buck, Thomas Berthold, Rahel A. Huch Boni and Gustav K. von Schulthess
Divisions of Nuclear Medicine and Diagnostic Radiology, Department of Medical Radiology, University Hospital, Ziirich,

Switzerland

The purpose of this study was to semiquantitatively identify artifac-
tual and physiological soft-tissue accumulations in whole-body
FDG-PET scans with the aim of defining their frequency and ana-
tomic distribution. Methods: Fifty whole-body FDG-PET scans
performed for the staging of malignant melanoma were obtained
from transaxial scans and reconstructed without absorption correc-
tion by filtered backprojection in the form of coronal and sagittal
sections. The patients were asked to stay n.p.o. for at least 4 hr and
interrogated about their physical activity prior to injection and until
scanning. Classification of FDG organ accumulations was done
using grades 0-6. Means and standard deviations on this scale
were then calculated for multiple organs and muscle groups and
tabulated. Results: On this grading scale, viscera showed uptake
grades between 1.7 *+ 0.5 and 2.05 * 1.0. Except for the intestines,
the activity in these organs was homogeneously distributed. Rela-
tively high average uptake values of 2.0-4.2 (s.d. = 2.3) were found
in various muscle groups, especially the orbital musculature. Myo-
cardial uptake was visible in 90% of the scans. Reconstruction
artifacts were seen around the renal collecting system and the
bladder. Conclusion: Most of the “‘normal” accumulations of FDG
in nonattenuation comrected whole-body PET are readily recognized
and distinct from the usually focal FDG accumulation associated
with metastatic disease, but the diagnostician must be familiar with
them. Muscular FDG uptake is related to physical activity prior and
immediately following injection and can be minimized by proper
patient instructions and positioning.

Key Words: PET; fluorine-18-FDG; physiological accumulations
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Wth the introduction of PET scanners with high detection
efficiency and a large axial field of view of 15 cm or more,
whole-body PET with ['®F]fluorodeoxyglucose (FDG) has be-
come a clinical reality. Typically, axial scan distances of 150 cm
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can be covered in 60 min (two-dimensional mode) and substantial
improvement in acquisition time can be expected from the intro-
duction of three-dimensional data acquisition protocols. The result
of such whole-body data acquisition is a set of 450 or more
transaxial slices that can be reformatted into coronal and sagittal
planes at will (Fig. 1). Several studies have documented PET as a
sensitive method for tumor staging because FDG preferentially
accumulates in many types of malignant tumor cells (/-8) and has
well recognized physiological accumulation sites (4,5,9-12).

When reading whole-body PET scans, it is important to
distinguish physiological and artifactual FDG accumulations
from those that are pathological (/,4), as normal findings have
to be distinguished from those that are abnormal in any imaging
method. In this study, we analyzed the occurrence and appear-
ance of such ‘‘normal’’ activity accumulations in nonattenua-
tion-corrected whole-body FDG-PET scans by looking at a
multitude of organ sites.

MATERIALS AND METHODS

Patients

Fifty whole-body PET scans were obtained in patients referred
for tumor staging of malignant melanoma. The patients (30 men,
20 women) ranged in age from 18 to 80 yr. Patients with diabetes
mellitus were excluded because of their pathologic glucose metab-
olism which affects FDG uptake in an uncontrolled fashion unless
glucose clamping is used (/3). All patients participating in this
study consented to having a PET scan. Each patient was questioned
about their physical activities in the period preceeding FDG
injection and whether they had been comfortable during the phase
between injection and scanning and the PET examination itself.

PET

The patients were explicitly asked to stay n.p.o. for at least 4 hr
prior to the study. Thirty to 40 min prior to scanning, the patients
received an intravenous injection of 220-370 MBq ['®F]FDG
while lying on a stretcher in a silent room. FDG was produced at
the Paul Scherrer Institute (Villigen, Switzerland) using well
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