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Abstract. - OBJECTIVE: To investigate the
diagnostic value of different patient positions
during expiratory low-dose thin-layer multide-
tector computed tomography (MDCT) for de-
tecting air trapping after allogeneic
hematopoietic stem cell transplantation (allo-
HSCT).

PATIENTS AND METHODS: Expiratory lung
MDCT scanning was done for 51 post-allo-
HSCT patients in both the supine and prone
positions to determine if they had air trapping
lesions. We assessed the volume fraction of
an air trapping region (CT value of <700HU at
expiratory phase) against the whole lung area
with a GE workstation and graded these re-
sults.

RESULTS: In the supine position, multiple air
trapping lesions were found in 16 of 51 pa-
tients, which were scattered and mainly dis-
tributed in the dorsal sides of both lower
lobes. In the prone position, in addition to
these 15 patients, air trapping lesions were al-
so found in 11 other patients, which were
mainly distributed in the anterior load-bearing
area of the lung lower lobes and lobe-connect-
ed areas. Compared with that in the supine po-
sition, the graded score of air trapping in the
prone position was significantly different (p =
0.006).

CONCLUSIONS: When performing expirato-
ry thin-layer MDCT for patients with chronic
rejection reactions after allo-HSCT, scanning
in the prone position should also be per-
formed, not only to more accurately observe
lesions, but also for a preliminary evaluation
of air trapping severity. This provides a basis
for an early clinical diagnosis and treatment.
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Introduction

Allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) is currently the most
important treatment of hematologic malignan-
cies, hematopoietic stem cell disease, immune
deficiency diseases, and the other diseases. Pul-
monary complications occur in approximately
50% of the patients after the treatment with
HSCT, which result in a high mortality. Air
trapping, which is closely related to the prog-
nosis of the patients with HSCT treatment, is
one of the most commonly happened pul-
monary complications. Because symptoms of
air trapping are usually non-specific (dry
cough, shortness of breath, and dyspnea on ex-
ertion), early diagnosis can be quite difficult.
Moreover, once symptoms and abnormalities
were obvious, the air trapping was always se-
vere, including resultant dyspnea, decreased
quality of life, and increased mortality. If the
air trapping in the lung can be found during the
early stages of chronic rejection, the preventive
treatment can be taken timely to slow the lung
disease progression and reduce the mortality
significantly!. However, as mentioned above,
the clinical symptoms are always insidious in
the early stage, which is easily misdiagnosed.
Therefore, an early diagnosis of air trapping is
crucial for clinical treatment.

In this study we scanned 51 post-allo-HSCT
patients at expiratory phase using multidetector
tomography (MDCT) in two different positions,
supine and prone, to determine the air trapping
conditions. These images were then compared
and analyzed to explore the diagnostic value of
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the two positions on MDCT scans for lesion de-
tection. Our aim was to establish a more accu-
rate clinical imaging method, and to provide
imaging evidence for early clinical diagnosis of
air trapping.

Patients and Methods
Patients

Study Population
The patients with chronic rejection after allo-
HSCT hospitalized from June 2010 to April 2012
in the hematology department of the Central
Hospital of China Aerospace Corporation were
enrolled in this study.
1) Equipment
2) GE 64-row VCT/XT machine (GE Health-
care, Milwaukee, WI, USA)
3) Post-Processing Software Life Technologies,
Carlsbad, CA, USA)
4) GE/ADW4.4 Workstations (USA)

Methods

Inclusion Criteria

1) A well-documented allo-HSCT history;

2) Incidence of chronic rejection symptoms;

3) Results of inspiratory lung MDCT scan in the
supine position were normal;

4) PFT examination results were normal, which
included forced expiratory volume in one sec-
ond/forced vital capacity (FEV /FVC) ratio >
70%, and FEV, = 80% of predicted.

Exclusion Criteria

1) A long history of smoking;

2) Any other cancer history except for blood
cancer;

3) Obstructive pulmonary diseases and circulato-
ry diseases, such as heart failure, pulmonary
embolism, and others;

4) PFT results showed airflow limitation and
FEV,/FVC <70% and/or FEV, <80% of pre-
dicted;

5) Abnormal systemic immune diseases, such as
rheumatoid arthritis, systemic lupus erythe-
matosus, ankylosing spondylitis;

6) Any severe infection during the study, includ-
ing clinical signs and radiological manifesta-
tions such as those on CT.
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Device Parameters

Tube voltage = 120 KV; tube current = 50 mA;
collimator = 0.625 mm, speed= 39.4 mm/s, pitch
= (0.984:1, reconstruction thickness = 0.625 mm,
reconstruction interval = 0.625 mm, and a 512 x
512 matrix. A standard lung algorithm was used
to reconstruct images (W: 1500 HU, C: -650-550
HU).

Scan Range

The scan range was from the apex to the di-
aphragm base of the lungs of patients. The Expi-
ratory phase should meet the following condi-
tions: when conducting TLC MDCT scans, the
difference of the lower bounds between the inspi-
ratory lung and the expiratory lung should be 4-6
cm (2 rib-units), the thorax should shrink and
lung volume should be significantly reduced in
the expiratory phase than those in the inspiratory
phase. All the diagnostic requirements should be
satisfied.

Scanning
Scan the whole lung at expiratory phase in the
supine and prone positions respectively.

Image Analysis
The images were independently read by two

highly-qualified senior radiologists. The CT re-

spective images from the two positions were
evaluated for each patient.

1) Evaluate lung conditions, including the loca-
tion and shape of any lesions in the supine
and prone positions at expiratory phase.

2) Identify any air trapping region on MDCT im-
ages by visual assessment. The junction of a
lesion and the normal region was clear,
smooth, and sharp.

3) Measure the volume of an air trapping region
(CT values of =-700HU) with a GE worksta-
tion, and calculate the ratio of this region
against the total lung volume. The air trapping
level was graded on a 0-5 scale (2): no air
trapping = 0; 1%-25% = 1; 26%-50% = 2;
51%-75% = 3; 76%-100% = 4.

Statistical Analysis

Kappa analysis was used to evaluate the con-
sistency of the results between the two readers by
(Kappa values ranging from -1 to 1): Kappa =
0.40 indicated poor consistency; Kappa = 0.40-
0.75 indicated moderate consistency; and Kappa
= 0.75 indicated good consistency.
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McNemar paired x? test was used to compare
the air trapping volume fractions in the supine
and prone positions at expiratory phase with
SPSS 13.0 software (SPSS Inc., Chicago, IL,
USA). p < 0.05 was considered significant.

For non-normal distribution of measurement
data (volume fraction), two sample correlation
rank sum test was used; expressed p < 0.05 was
considered statistically significant.

Results

General Condition of Patients (Table )

51 patients after allo-HSCT were scanned with
thin-layer MDCT in supine and prone positions
in our hospital, including 38 males and 13 fe-
males, aged between 5 and 53 years, whose
mean age was 27.94 + 11.99 years old, and the
median time after transplantation was 15 months.

PFT examination of 51 patients were negative
(FEV,/FVC) ratio of > 70%, FEV, = 80% pre-
dicted). MDCT at the expiratory phase in the
supine position showed that 51 patients’ lung
were clear.

LS

Comparison of MDCT Results in the
Supine and Prone Positions
at Expiratory Phase

MDCT images obtained in the supine position at
expiratory phase showed that there were multiple
air trapping lesions in 16 of these 51 patients, which
were scattered and mainly distributed in the dorsal
sides of both lower lobes (Figures 1B, 2B, 3B).

On MDCT images in the prone position, in ad-
dition to the 15 patients above, air trapping le-
sions were also found in 11 other patients. These
air trapping lesions were mainly distributed in
the anterior load-bearing area of the lung lower
lobes and lobe-connected areas (Figures 1C, 2C,
3C), and were not detected in the supine position.

Paired x> McNemar test was used to analyze
the data obtained on the expiratory phase in the
supine and prone positions. The lesion detection
rates of the two positions were significantly dif-
ferent (p = 0.006). The rate from the prone posi-
tion was higher (Table II).

The Kappa test results of the consistency of the
two positions: the degree of agreement between the
two positions were poor (Kappa = 0.533), which
was statistically different (p < 0.05).

1€

Figure 1. A34-year-old male; 36 months after transplantation; chronic graft-versus-host reaction had occurred; normal PFT
results; when scanning at the inspiratory phase in the supine position (1A and 1D), no abnormalities were observed; when
scanning at the expiratory phase in the supine position (1B and 1E), multiple air trapping lesions were observed in both lungs;
when scanning at the expiratory phase in the prone position (1C and 1F), new air trapping lesions were observed.
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Table II. Statistical analysis of expiratory lung MDCT results in different positions.

Prone position
Negative Positive Total
Supine position Negative 24 11 35
Positive 1 15 16
Total 25 26 51
p-value 0.006

p <0.05 indicates significant difference.

Inter-observer Agreement

The results arrived at by the two readers
showed good consistency for their agreement
(Kappa = 0.89).

Statistical Analysis of Air Trapping Scores
in the Supine and Prone Positions

The score for the total air trapping volume
fraction for the 16 patients in the supine position
was 23, and the score for the 26 patients in the
prone position was 44. These two results were
significantly different (p < 0.05), indicating that

scan in the prone position had a higher sensitivity
for detecting air trapping lesions (Table III).

Discussion

HSCT is an important treatment for hemato-
logical malignancies. It has been reported that in-
fectious and non-infectious pulmonary complica-
tions occurred in approximately 40%-60% of pa-
tients after allo-HSCT and that 10%-40% of these
patients died, of which 65% died from non-infec-

Figure 2. A 14-year-old male; 35 months after transplantation; chronic graft-versus-host reaction had occurred; normal PFT

results; when scanning at the inspiratory phase in the supi
scanning at the expiratory phase in the supine position (2B an

ne position (2A and 2D), no abnormalities were observed; when
d 2E), some air trapping lesions were observed in the dorsal sides of

the lower lobes of both lungs; when scanning at the expiratory phase in the prone position (2C and 2F), the area of air trapping
lesions in the dorsal sides of the lower lobes of both lungs were narrowed down, some had even disappeared, and new lesions
were observed in the anterior segments of the upper lobes of both lungs.
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Table Ill. Comparison of lesion volume fractions in different positions at the expiratory phase.

Volume fraction Air trapping
Positive Negative
Supine 23 16 35
Prone 44 26 25
Z -4.583
p-value 0.000

p < 0.05 indicates significant difference.

tious pulmonary disease®. These complications
may have been related to immunodeficiency,
graft-versus-host disease, and other factors due to
the use of immunosuppressive agents. Among
these complications, air trapping in the lungs is
most common after allo-HSCT, the clinical signs
and symptoms of which are often non-specific,
and may even have no symptoms at the early
stage. Thus, a diagnosis is usually delayed, which
results in a poor prognosis and a significantly
high mortality rate among patients after allo-
HSCT. Therefore, early diagnosis and treatment is
important for a favorable prognosis, which can

block the progression of this disease reported on
the diagnostic value of thin-layer CT for assess-
ing air trapping in obstructive airways disease?,
and found that MDCT was very valuable for diag-
nosing air trapping caused by obstructive disease,
which can be used as the preferred imaging
method to identify air trapping lesions. In another
study*, also confirmed that performing low-dose
MDCT scanning (tube current: 80 mAs-20 mAs)
not only had no effect on detecting air trapping le-
sions, but could also significantly reduce the radi-
ation dose. Therefore, we used a tube current of
50 mAs for MDCT scanning in our study.

Figure 3. A 45-year-old male; 55 months after transplantation; chronic graft-versus-host reaction had occurred; normal PFT
results; when scanning at the inspiratory phase in the supine position (3A and 3D), no abnormalities were observed; when
scanning at the expiratory phase in the supine position (3B and 3E), some air trapping lesions were observed in the dorsal sides of
the lower lobes of both lungs; when scanning at the expiratory phase in the prone position (3C and 3F), the area of air trapping
lesions in the dorsal sides of the lower lobes of both lungs were narrowed down, some had even disappeared, and new lesions
were observed in the anterior segments of the upper lobes of both lungs.
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In addition, in previous studies that compared
HRCT and MDCT for detecting diffuse lung dis-
ease, it was shown that MDCT had a higher posi-
tive detection rate compared to HRCT. Besides,
the results reported by MDCT readers were more
consistent>® and it was easier to identify small air-
way disease related to bronchiolitis obliterans by
MDCT at expiratory phase’. Argued that continu-
ous MDCT multi-scanning could reduce the rate
of missed diagnosis and measure the air trapping
volume fraction more accurately. The scan speed
of thin-layer MDCT is notably faster than that of
HRCT, which makes it easier for examining those
patients with poor breathing and can greatly re-
duce artifacts and the radiation dose used.

The scanning method used in this study includ-
ed multiple high-resolution image reconstruction
techniques with a standard lung algorithm. Com-
pared with MDCT performed at the inspiratory
phase, MDCT at the expiratory phase can more
readily identify early air trapping lesions, which
can increase the detection rate for small airway
disease and can accurately observe the whole
lung condition. This aids in determining the un-
derlying cause of air trapping in advance demon-
strated that air trapping, as the common sign of
small airway disease, was detected by MDCT at
the expiratory phase and which occurred earlier
than findings of pulmonary function abnormali-
ties>®?. Previous studies have confirmed that only
when the lung destruction area is more than 30%
can PFT detect an abnormality, at which time the
condition is mostly irreversible. Thus, MDCT
with its high sensitivity and specificity is recom-
mended for detecting air trapping lesions. In our
study, patients with chronic rejection symptoms
after allo-HSCT were examined by PFT and in-
spiratory MDCT, and those with normal results
were enrolled and further examined by expiratory
MDCT in the supine and prone positions to evalu-
ate their lung lesion conditions.

Conclusions

Our results showed that multiple air trapping
lesions were found in 16 patients during expira-
tory MDCT scan in the supine position. The dis-
tributions of these lesions were scattered and
mainly located in the dorsal sides of the lower
lobes of both lungs. In the prone position, total
26 patients were observed with multiple air trap-
ping lesions: the new air trapping lesions ap-
peared in the anterior segments of the lower
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lobes of both lungs, and some of the lesions
found in the supine position were reduced or
even disappeared at different levels, which indi-
cated that these lesions were mild; thus, they
changed with a change in body position. The
positive rate detected in the prone position was
higher than that in the supine position. The le-
sions in the newly-added 11 patients were mainly
located in anterior segments of the upper lobes of
both lungs, which may have been associated with
gravitational effects: load-bearing areas change
with postural changes. These results were pre-
sumably due to the following reasons.

1) Compression of the heart: in the supine posi-
tion, the dorsal side of a lung is below the
heart. When compressed by the heart, lung ex-
pansion is affected!’. In the prone position, the
lung area affected by the heart is reduced,
which is beneficial for lung expansion. As a
result, the lesions in the dorsal sides of the
lower lobes of both lungs are greatly alleviat-
ed, whereas in anterior segments, the number
of obstructive lesions is increased.

2) Physical anatomical effects: bronchus upper
segments consist of “C” shaped tracheal rings,
smooth muscle, and connective tissue, so that
there is a bare area without covering cartilage,
which is easily pressed by expiratory pressure
concomitant with arteries and veins. In the
prone position, the arterial and venous pres-
sures in anterior segments of both lungs are in-
creased and the diameter expands, so that
bronchial compression is more obvious, and
those bronchi with mild stenosis are more eas-
ily shown as bronchial obstruction.

3) Hypostatic effects: in the prone position, ante-
rior segments are located in a lower location
and are influenced by gravity, which results in
increased airway pressure; thus, a mildly ob-
structive airway can also be manifested as air
trapping. In contrast, there is no air trapping
sign in a mild obstructive airway in the dorsal
sides. The results of our study showed that due
to hypostatic effects and heart compression,
air trapping lesions in the dorsal sides of both
lungs were more easily found in the supine po-
sition. While in the prone position, lesions in
the anterior segments of the lower lobes of
both lungs were more easily identified. If le-
sions appear in both positions, it can be con-
sidered that the small airway obstructive con-
dition in this area is severe, which cannot be
changed with postural changes.
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