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Use of MR spirometry for pulmonary volume evaluation
including the effect of body position

Abstract
Objective

To evaluate feasibility and reproducibility of differential volume measurement using
MR imaging as well as effect of body positions on differential lung volume and vital
capacity.
Materials and methods

Nine volunteers were studied with a 1.5T body MR scanner at maximal inspiratory
and expiratory phases in supine, prone, and bilateral decubitus positions. Sagittal
images were acquired during a breathhold using FIESTA sequence (TR=3.2msec,
TE=1.4msec, FA=45 degrees, FOV=35cm, 1 NEX, 224 X 224 matrix, 15mm slice
thickness and scan time=14-16 seconds). The area of each lobe was calculated by
manually tracing the outline of each lung and lobe in each respiratory phase. By
subtracting the volume in maximal expiration from that in maximal inspiration,
vital capacity of each lung or lobe was calculated. Intra-observer reproducibility of
measurements was also assessed.
Results

Intra-observer reproducibility was excellent (R2=0.974). Vital capacity of both lungs
was 53.6% of volume at maximal inspiration. The right and left lungs were responsible
for 51.3% and 48.7% of the vital capacity, respectively. Total lung volume at maximal
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inspiration and expiration as well as vital capacity was not significantly changed among
body postures. The ratios of right lung and left lung for maximal inspiration and
expiration in the left lateral decubitus position were larger than those in the right lateral
decubitus position (p=0.0007, p<0.0001). The vital capacity / volume at maximal
inspiration in the right lateral decubitus position was larger than that in the left lateral
decubitus position (p<0.0104). The ratio of right lung and left lung for vital capacity in
the right decubitus position was larger than that in the left decubitus position; however,
the deference was not statistically significant (p=0.1967) .
Conclusion

MR spirometry is feasible for non-invasive differential volume measurement of each
lung or lobe. Over all vital capacity was preserved despite changes in body position,
although the vital capacity of the dependent portion of the lungs was larger than that of
the non-dependent portion of the lung.

Introduction

Traditional pulmonary functional tests including spirometry provide lung volume
for both lungs as a unit. However, obtaining differential pulmonary volume and vital
capacity measurement for each lung or lobe may contribute greatly as preoperative
evaluation for lobectomy or pneumonectomy (1-4).

Traditionally, imaging of the chest has been performed by chest radiograph
and computed tomography. With recent advances in high performance gradients,
MRI of the lung has become feasible as it is also minimally invasive but without
ionizing radiation (5-7). Gierada et al. reported that a fast gradient-recalled-echo MR
imaging could be reliably used to demonstrate diaphragmatic and chest wall motion
and may prove useful in the clinical investigation of normal and abnormal respiratory
mechanics measurement of total lung volume (3, 8). There are reports estimating
respiration-dependent volume changes of individual pulmonary lobes using MRI, which
demonstrated pulmonary ventilation dynamics (9) and volume reduction of a lobe
with lung cancer (4). The changes in lung capacity due to posture change have been
reported in the field of respiratory physiology (10, 11). Kaneko et al. reported that
ventilation was relatively greater in the dependent area along the gravity in prone,
supine, bilateral decubitus position in humans, using a radioactive 133 Xe ventilation
technique (12).

In this study, we evaluated the feasibility and reproducibility of differential volume
measurement by MRI. The effect of body positions on differential lung volume and vital
capacity were also investigated.

Materials and Methods

The study included 9 healthy male volunteers ranging in age from 23 to 43 (Average
+ SD. 33+6). All subjects had no past history of pulmonary disease. Informed consent
for this institutional IRB approved study was obtained from all subjects before they

14



ENEFEpE HELF— +

underwent MR imaging. The volunteers were scanned using a 1.5T body MR scanner
(Signa Twinspeed, General Electric Medical Systems, Milwaukee, WIS) using a torso
coil. MR images were obtained at maximal inspiratory phase and maximal expiratory
phase in each supine, prone, left lateral decubitus (LD) and right lateral decubitus (RD)
positions. Sagittal images were acquired with a breathhold using FIESTA Acquisition
(fast imaging employing steady-state) sequence with the following parameters:
TR=32msec, TE=1.4msec, FA=45 degrees, FOV=35cm, 1 NEX, 224x224 matrix,
15mm slice thickness and scan time=14-16 seconds.

The area of each lobe in the sagittal plane ie., right upper lobe (RUL), right
middle lobe (RML), right lower lobe (RLL), left upper lobe (LUL), and left lower
lobe (LLL), was calculated by manually tracing their outlines in each respiratory phase
(Figure). The trachea, central bronchi, and main pulmonary vessels were excluded.
The calculation of each area was performed by a radiologist once per image. The sum of
the areas for each lung and lobe were calculated as follows:

Volume = (The sum of the areas for the lung or lobe) x (Slice interval)

Intra-observer reproducibility of the volume measurements was assessed by
repetition of measurements by a radiologist. In this study, the volumes of 27 lobes of
the right lung in nine patients at maximal inspiratory phase were calculated.

By subtracting the volume of lung or lobe in maximal expiration (VE) from that
in maximal inspiration (VI), vital capacity (VC) of each lung or lobe was calculated.
VC of each lung or lobe divided by total VC (VC/TVC), and VC of each lung or lobe
divided by VI of the region (VC/VI) was also calculated. To evaluate the changes of
differential lung volumes between dependent and non-dependent portions of the lung,
ratio of right versus left lung between lateral decubitus positions as well as ratios of
RML versus RLL (RML/RLL) and LUL versus LLL (LUL/LLL) between supine and
prone positions were tested statistically. The statistical analysis was performed using
Student’ s paired t-test. A p value of less than 0.05 was considered to indicate a
statistically significant difference.

Results

Intra-observer reproducibility was excellent (R2=0974) Differential volume and
vital capacity measurements in each lung or lobe were successfully performed. Vital
capacity (VC) of both lungs was 53.6% of volume at maximal inspiration (VI). The right
and left lungs were responsible for 51.3% and 48.7% of the vital capacity, respectively.
The right upper, middle, and lower lobes were responsible for 15.6%, 5.9%, and
29.7% of vital capacity; and the left upper and lower lobes were responsible for 18.4%
and 30.3% of vital capacity. Total volume at maximal inspiration (VI), and expiration
(VE), vital capacity (VC), vital capacity / volume of maximal inspiration (VC/VI)
were not significantly affected by a change in body posture. The ratios of right lung and
left lung at maximal inspiration (VI) and expiration (VE) in the left lateral decubitus
position (LD) were larger than those in the right lateral decubitus position (RD). The
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vital capacity / volume at maximal inspiration (VC/VI) in the right lateral decubitus
position (RD) was larger than that in the left lateral decubitus position (LD) (p=0.05).
The ratio of right lung and left lung at vital capacity (VC) in right decubitus position
(RD) was larger than that in the left decubitus (LD) position; however, the deference
was not statistically significant (p=0.1967). The volume ratio of RML and RLL (RML
/ RLL) at maximal expiration (VE) in the supine position was larger than that in the
prone position (p = 0.05). The volume ratio of RML and RLL (RML / RLL) at vital
capacity (VC) in the prone position was larger than that in the supine position (p= 0.05).
The ratio of LUL and LLL (LUL / LLL) at vital capacity (VC) in the prone position
was larger than that in the supine position (p< 0.05), and the volume ratio at maximal
expiration (VE) in the supine position was larger than that in the prone position (p=
0.05).

Discussion

Differential volume and vital capacity measurement of each lung or lobe using
MR imaging was feasible with excellent reproducibility (R2=0.974). The value of vital
capacity was 3530ml, which was smaller than the expected data using conventional
spirometry (13). As this study was performed in the narrow space of the magnet bore
with a torso coil in the supine position, chest wall and diaphragm motion may have
been slightly limited.

Total lung volume analysis using axial images of MRI has been reported (5)
where patients with emphysema were scanned before and after lung volume reduction
surgery, resulting in good correlation with those of CT. Postoperative changes using
the lung volume underestimated by MRI were also evaluated. Another study of lung
lobar volume in the supine position (9) was performed under normal breathing, and
showed the vital capacities of right lung and left lung were nearly equal, and vital
capacity of the lower lobe as larger than those of upper and middle lobes. A report
using scintigraphy has also demonstrated that pulmonary ventilation in the lower lung
field is greater than that in the upper lung field (12) .

The fact that the overall vital capacity of both lungs were preserved when body
positions were changed among spine, prone, and right and left decubitus positions
indicates the ability of the human body to adapt to changes in posture under gravity.
The vital capacity over total lung capacity (VC/VI) of the unilateral lung increased in
dependent position when compared with that of the non-dependent position. VC/VI of
each lung or lobe had a tendency to increase in the dependent position compared with
the non-dependent position. It was mainly the effect of the smaller VE of the dependent
side. However, overall VC/VI was maintained between right and left decubitus
positions. These finding suggests the complementary functions of both lungs in postural
changes.

The previous studies (12, 14-16) have shown that both ventilation and perfusion are
relatively greater in the dependent portion of the lungs. The motions of the diaphragm
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and rib cage were linearly related to the lung volume measured by pneumotachometer
(14, 15). In our study, regional ventilation determined by vital capacity was greater
in the direction of gravity, but as a whole lung ventilation demonstrated no significant
changes among different body positions. These results indicate that homeostasis in
human beings exists in supine, prone, and bilateral decubitus positions.

Analysis of respiratory function using MRI is noninvasive and comparatively easy,
although previous reports are limited. By using this method, we may be able to visually
capture respiratory motion and function including the differential volume changes of
each lung and lobe. The method may be applied to predict postoperative lung function
more accurately for major cardiothoracic surgeries.

One limitation of this study is the lack of conventional spirometry during the data

acquisition with MRI. Acquisition of data related to actual changes in lung volume and
pressure during MR imaging could have made this study more informative.
In conclusion, MR spirometry is feasible for non-invasive differential volume
measurement of each lung or lobe. Overall vital capacity was preserved despite changes
in body positions, although the vital capacity of the dependent portion of the lungs was
larger than that of the non-dependent portions.
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Figure Sagittal images of lung MRI using FIESTA (3.2/1.4/45) of a normal subject
Top: Maximal inspiration

Bottom: Maximal expiration
RUL: Right upper lobe
RML: Right middle lobe
RLL: Right lower lobe
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