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Respiratory movement degrades
magnetic resonance (MR) images of
the chest and abdomen by increas-
ing noise through the production of

“ghost” artifacts and by decreasing
edge sharpness in moving struc-
tunes. Respiratory gating, which
limits data acquisition to end-expi-

ration, is successful in restoring
edge sharpness and reducing ghosts
but increases imaging time two to
three times, which limits its use to
sequences with short repetition
times (TRs). To overcome this limi-
tation, an alternative technique, res-
piratory triggering, was developed,
which triggers the acquisition of an
MR section at a fixed point on the
respiratory cycle. This technique me-
stores edge sharpness and reduces
ghosts, but unlike gating, it can be

used to produce an image at any
phase of the respiratory cycle. Trig-
gering requires long TRs since the

TR is limited to the respiratory pen-
od (TP) or one-half of TP, depend-
ing on whether the same section is

triggered once or twice during a sin-
gle respiratory cycle. Gating and
triggering were evaluated and corn-
pared for single-section and multi-
section imaging of both volunteers
and patients. The authors conclude
that when a chest or abdominal sur-
vey is required, triggering takes less
time than gating if TRs are required
that exceed one-fifth of TP.
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M AGNETIC resonance (MR) imag-
ing is a powerful imaging mo-

dality in visualizing lesions of the

head, pelvis, and extremities. How-

ever, MR has been generally less suc-

cessful compared with other tech-

niques in imaging the upper abdo-

men and thorax, with the exception

of the heart and other mediastinal

structures (i-4). There is evidence (5)

that the main cause of this inferior

performance is respiratory move-

ment. Muller et al. (4) compared MR

imaging and computed tomography

(CT) for their ability to demonstrate

pulmonary nodules. They found that

CT was superior to MR imaging
when the pulmonary nodules were

situated near the diaphragm, where

respiratory motion is greatest.

The period of the respiratory cycle

is approximately 4 seconds in healthy

individuals. Because MR image col-

lection takes 2-15 minutes, patient

respiratory motion during this pen-

od causes problems in formation of

the image. Effects of respiratory mo-

tion on imaging are twofold. First,

there is an increase in image noise

from “ghost” artifacts, which are

multiple copies of the image super-

imposed on the primary image in the

phase-encoding direction. Second,

there is degradation of spatial resolu-

tion (spatial blurring) in the direc-

tion of movement.
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Respiratory motion artifacts can be

reduced through two approaches: (a)

reducing the imaging time to enable

breath-holding during the entire

data acquisition, and (b) using the

respiratory cycle to control the MR

data collection process.

Two techniques have been investi-

gated to reduce imaging time: driven

equilibrium imaging (6) and echo

planar imaging (7-9). The driven

equilibrium technique forces spin re-

laxation by using special radio fre-

quency (RF) pulses that reduce the

time required for Ti relaxation,

therefore allowing the use of short

repetition times (iRs). This method

maintains image contrast and reduces

imaging time but not enough to al-

low breath-holding. Echo planar im-

aging can maintain contrast and reso-

lution with a time savings by

modulating the phase-encoding gra-

dient during data acquisition. Unfor-

tunately, the sampling rate must be

increased to prevent aliasing (7),

which increases the bandwidth and

decreases the signal-to-noise ratio. At

present, this technique can decrease

imaging time by approximately a fac-

tor of 4 (9), which is not sufficient to

allow breath-holding.

Many investigators of MR have

used the respiratory cycle to control

the collection of data. Bailes et al. (10)

have suggested that artifacts could be

reduced by altering the order of the

phase-encoded projections with a

technique called respiratory ordered

phase encoding (ROPE). In this tech-

nique, the projections with relatively

weak phase-encoding gradient are

collected at functional residual capac-

ity (FRC), and the projections with

relatively strong phase-encoding gra-

dient are collected toward the end of

inspiration. This reduces the ghost

artifacts but does not correct spatial

blurring. Others have used respira-

tory gating techniques (11-i4). The

respiratory pattern is monitored, and

then upper and lower gating thresh-
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olds are calculated. Only when the

MR pulse sequence occurs within

this window are the data stored and

used to reconstruct the final image.

Gating reduces respiratory artifacts

but increases the total acquisition

time two to three times.

In another technique, respiratory

triggering (15), the respiratory cycle

is used to control the imaging pro-

cess directly by triggering the MR

pulse sequence at a specified level of

the respiratory cycle. This is similar

to the method used for cardiac trig-

gening (16). Triggering has two major

advantages over respiratory gating.

No data are discarded because data
are collected from all pulse se-

quences, and imaging can be per-

formed at various points of the respi-

ratory cycle (analogous to perform-

ing cardiac imaging at various stages

of the cardiac cycle [i7]). In this

study, we compared respiratory trig-

gening with gating.

MATERIALS AND METHODS

MR Imaging

All images were acquired using a resis-

tive MR unit (Technicare; Cleveland) op-

erating at 0.15 T. All images were made

using a spin-echo (SE) technique with an

echo time (TE) of 30 msec, a section thick-

ness of 1 cm, two buffers per projection,

and TRs varying from 500 to 5,800 msec.

In each figure legend associated with

an MR image, these parameters are iden-

tified using accepted nomenclature (18).

For example, an SE image with a TE of 30

msec and a TR of 500 msec is specified as

SE 500/30.

Respiratory Transducer

MR groups that have investigated res-

piratory gating have used a number of

different transducers to monitor the res-

piratory cycle. Some transducers that

worked well on volunteers failed when

used on patients because the transducers

and associated instrumentation were un-

comfortable or were not adaptable to the

irregular breathing patterns often ob-

served with anxious patients. The pneu-
motachograph used by Prato et al. (11)

and the nasal thermistor used by Ehman

et al. (13) were not tolerated well by pa-

tients. Ehman et al. (13), Runge et a!. (12),

and Groch et a!. (14) found that a pneu-

matic belt, positioned around the pa-

tient’s abdomen to monitor circumferen-

tial changes, was better tolerated by

patients and produced reliable results.

We used a similar monitoring device,

consisting of a pneumatic cuff placed

around the abdomen and connected via a

10-rn air tube to a pneumatic respiration

pressure transducer (model DPRTB, Grass

Instrument, Quincy, Mass.). The transdu-

cer’s signal is proportional to the circum-

ferential changes of the body wall associ-

ated with breathing. For the work

reported here, the pneumatic cuff was

placed around the abdomen because, for
healthy subjects in the supine position,

60% of respiratory volume change is at-

tributable to abdominal muscle action

(19). The respiratory signal was ampli-
fied, transmitted through a low-pass filter

at 60 Hz, and digitized in a microcomput-

er for display and analysis.
One problem encountered with this

method of respiratory monitoring was

baseline drift, which could be caused by

electronic components, changes in the pa-
tient’s FRC, or movement of the cuff and

temperature changes of the cuff air. A
method was developed to determine the
baseline so that a correction for baseline

drift could be made. The respiratory sig-

nal was sampled and digitized at intervals
of approximately 40 msec for ten respira-

tory cycles. This resulted in approximate-

ly 100 samples per respiratory cycle for

healthy subjects. From these data, a fre-

quency histogram, H(v), of the digitized
voltage values, v, was generated and ana-
lyzed to determine the baseline, B. If we
assume N samples were taken, then B was
calculated as the average value of the dig-

itized points in the lower region of the

histogram:

B = �[H(v) .

when 0.08N < �H(v) < 0.20N.

The lower 8.0% and the upper 80.0% of
the data were excluded from the calcula-
tion. The lowest 8.0% of the digitized

points in the histogram are not included

because they account for unusually low
voltage values caused by patient imregu-
larities, such as coughs, which result in

lung volumes below FRC. The upper

80.0% are not included because they ac-

count for lung volumes well above FRC.

Both values were chosen experimentally
by using healthy volunteers breathing

quietly in the supine position. This calcu-

lation, which is done immediately follow-

ing a trigger, takes approximately 0.5 sec-

onds with our software. Therefore, it is

usually completed before the next trigger

point occurs and results in little increase

in imaging time. This process was repeat-

ed throughout the study at intervals of

ten respiratory cycles (about 40 seconds)

so that the baseline was always known.

All respiratory gating and triggering 1ev-
els were set with respect to the calculated

baseline. Therefore, these levels were in-

dependent of the baseline drift of the sig-
nal. For patients with irregular breathing

cycles, the short-term fluctuations of the

patient’s respiratory baseline must not be

included in the baseline correction. This

was done by increasing the number of

respiratory cycles used to calculate the

baseline from ten to 16 cycles.

Respiratory Gating

The respiratory gating scheme is illus-

trated in Figure 1. Upper and lower gat-

ing thresholds, which were under opera-

tor control, were calculated from the

respiratory cycle. For our images, the

thresholds were set at 20% of the tidal
volume (maximum minus baseline), cen-
tered about the baseline. The TR in this
example was 500 msec (Fig. ib). The MR
data were gated into the MR computer
only when the respiratory cycle was be-

tween the programmable thresholds (Fig.
ic). Therefore, the imaging time was in-
creased two to three times because most
of the respiratory cycle is outside of these
thresholds.

Respiratory Triggering

In respiratory triggering (Fig. 1), the
trigger level can be set at any specified
fraction of the tidal volume above the
baseline (Fig. la). When the respiratory
signal passed through this level during
inspiration, the MR pulse sequence was

triggered, as indicated by the vertical so!-

id lines in Figure id. Triggering was also

done during expiration (vertical dashed

lines in Fig. id). In both cases, the TR is
the same as the period of the respiratory
cycle, which is approximately 4 seconds.
Because such TRs are approximately twice
those that are routinely used in MR imag-
ing, triggering was also done during both
inspiration and expiration, which re-

(1) duced the TR to approximately 2 seconds.

Phantom Studies

Experiments with phantoms were un-

dertaken to study the effects of move-
ment on MR imaging (5, 20) and to assess
some of the improvements attainable us-
ing respiratory gating and triggering.

Respiratory motion was simulated using
an apparatus that moved a phantom in
simple harmonic motion parallel to the

bore of the imaging magnet.
Spatial blurring in the images was eval-

uated by assessing the edge of a moving
structure. A 3.8-cm thick, cylindrical
phantom filled with propylene glycol

was placed so that its flat surface, which
was in the xy-plane, was perpendicular to
the imaging section, which was in the zx-
plane. The image was analyzed by taking
an 8-mm wide rectangular region of in-
terest with the long dimension of the me-
gion perpendicular to the flat edge of the
phantom (i.e., in the z-direction). The sig-
nal intensity within this strip increased
quickly in the transition zone between
the background and the phantom. When
the phantom was stationary, the transi-
tion zone encompassed only a few pixels;

however, with movement of the phantom
in the z-direction, this transition zone

widened. To quantify this effect, the
slope of the MR signal intensity within

the transition zone was used as a measure
of edge sharpness. This was measured for

the following values of the amplitude of
movement: 0.1, 0.2, 0.5, 1.0, and 2.0 cm.

In a second experiment, the movement
of a 500-ml bottle of 100 MM manganese
chloride (Ti 521 msec, a Ti value similar

to that of abdominal tissues) was moni-
tored using the pneumatic cuff so that
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Figure 1. Schematic demonstrates the technique used for respi-
ratory gated MR images and respiratory triggered MR images. (a)
A typical respiratory signal with the gating limits shown by the
shaded area centered about FRC and the triggering level shown
by the horizontal, dashed line. (b) The vertical lines indicate the

start of the imaging pulse sequence. In this example the TR is 500

msec. (c) The data are only acquired when the start of the pulse

sequence falls within the gating limits, indicated by the shaded

regions. (d) When the respiratory signal coincides with the trig-

ger level during inspiration, the MR pulse sequence is started as
indicated by the solid vertical lines. Similarly, triggering can oc-

cur during expiration (dashed vertical lines).

Figure 2. A plot of the slope of the change
in MR signal intensity across the flat surface

of a moving phantom filled with propylene

glycol versus the amplitude of the phantom

stroke.

gating and triggering experiments could
be performed. Transverse MR images of
the phantom were obtained for control,

gated, and triggered conditions. The di-
rection of movement was perpendicular

to the image plane.

Human Studies

Coronal images of young human vol-
unteers, breathing quietly and spontane-
ously in the supine position, were ob-

tamed using respiratory gating and

triggering techniques. To assess spatial
blurring, the edge of the diaphragm was

approximated as a moving edge, and the
MR signal intensity was plotted perpen-
dicular to the diaphragm. To test its feasi-
bility as a valid triggering mode, images
triggered during both inspiration and ex-
piration (mode 3) were compared with

images triggered only during inspiration

(mode 1) and images triggered only dun-
ing expiration (mode 2). To compare
these images, the same TR had to be used
for all three modes so that the contrast be-

tween tissues would be approximately
constant. Therefore, when mode 3 was
used, the MR imager was triggered only
on every other respiratory cycle. Al-

though this resulted in a TR that varied

from 2 seconds to 6 seconds, experiments

have shown that the averaging of the two
data buffers per projection yields approxi-
mately the same recoverable signal inten-
sity for phantoms, with Tl values repre-

sentative of tissue (21). This is expected if
the mean TR is significantly greater than
the TI of the imaged material.

RESULTS

Figure 2 is a graph of the slope of

signal intensity perpendicular to the

moving edge of the phantom filled

with propylene glycol versus the am-

plitude of movement. This graph

demonstrates that an amplitude

greater than 2.0 mm caused signifi-

cant degradation of the imaged edge

of the phantom.

Figure 3 shows transverse images

of the manganese chloride phantom

in periodic motion (period = 4 sec-
onds, approximately one breathing

cycle) in and out of the image plane.

Although there was no motion in the

image plane, the control image (Fig.

3, upper right) has prominent ghost

artifacts. The corresponding gated

image (Fig. 3, upper left) demon-

strates that the ghost artifacts were

reduced by this technique but not
completely removed. They were still

produced because of the change in

phantom position that occurs within
the gating window. Gating may work

better in clinical application because

patients tend to have a prolonged pe-

nod at end-expiration (Fig. ia) that is

not present in simple harmonic mo-

tion. The increase in imaging time

was a factor of 2.5, which did not

vary with TR. The lower left image in
Figure 3 demonstrates the complete
elimination of ghost artifacts by the

Figure 3. MR images of a 500-mi bottle of

MnCI2 (100 �zM) that was moved sinusoidal-

ly, perpendicular to the image plane. The
amplitude of motion was 2 cm, and the pen-

od was 4 second. The upper left image (SE

500/30) was gated with data acquisition re-

stnicted to a 2-mm range of phantom posi-

tion. The image in the upper right (SE 500/

30) was neither gated nor triggered and

serves as a control for the gated image. The

lower left image (SE 2,000/30) was triggered

at a fixed position of the moving phan-

tom.The lower right image (SE 2,000/30)

was neither gated nor triggered and serves

as a control for the triggered image.

triggering technique. Acquisition

time was identical to the correspond-

ing control image (Fig. 3, lower

right). The ghost artifacts are absent

because respiratory movement was

removed by triggering at the same

level during each respiratory cycle.

Coronal abdominal images in Fig-

ume 4 demonstrate the improvement

in image quality achievable with mes-

piratory gating. Fine structures with-
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Figure 4. Coronal images of the abdomen of a healthy volunteer, breathing quietly in the
supine position. (a) This image (SE 500/30) was respiratory gated at FRC. (b) This image (SE

500/30) was ungated and serves as a control for the gated image.
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ever, the time between phase-en-
coded projections (TR) is of the order
of the period of respiratory motion.

Therefore, these artifacts are periodic

in nature with a repeat distance (Y)-

the vertical distance between adja-
cent artifacts-given by the follow-

ing relationship (20):

Y = (2irFm . TR . Ns)/(�G . Ty), (2)

0 00 .75 1 50 2 25 3.00 3 75

DISTANCE (CM)

Figure 5. Plot of MR signal intensity mea-

sured from a 8-mm wide region perpendicu-

lar to the diaphragm for the respiratory gat-

ed (solid curve) and ungated (dashed curve)

images of Fig. 4.

in the thorax and abdomen are more

apparent in the respiratory gated im-

age. Improvements in image quality

were quantified by plotting the mate

of change of signal intensity at the

diaphragmatic edges of these two im-

ages (Fig. 5). Blurring of the dia-

phragmatic edge was significantly me-

duced, as indicated by the increased

slope (edge definition) of the lung-

diaphragm transition zone come-

sponding to the respiratory gated im-

age.

In Figure 6, respiratory triggered

images of a volunteer are compared

with respiratory gated and control

images. Two respiratory triggered

images are shown in Figure 6, one

triggered toward end inspiration

(Fig. 6b), the other toward end-expi-

nation (Fig. 6d). Acquisition times
were identical to the control image.

Respiratory triggered images showed

improvements similar to those

achieved by respiratory gating with-

out increasing imaging time above

that required for untniggened images

using comparable TRs (i.e., 4,000

msec). The diaphnagmatic edges of

the two triggered images plotted in

Figure 7 are comparable to the respi-

ratory gated edge (Fig. 5). By compan-
ing the position of the diaphnagmatic

edges in Figure 7, we determined the

diaphnagmatic excursion, come-

sponding to about 80% of the tidal

volume (inferred from the signal of

the pneumatic cuff), to be i.5 cm,
which was consistent with values
measured in healthy subjects with x-

nay fluoroscopy (22).

In Figure 8 the diaphnagmatic
edges of four images are plotted: nes-

piratory triggered only during inspi-

ration (curve a), triggered only dun-

ing expiration at the same level

(curve b), triggered during both in-

spination and expiration (curve c),

and a control, untniggered condition

(curve d). Figure 8 shows that nespi-

ratony triggering during both inspi-

nation and expiration had no effect

on the slope of the diaphnagmatic

edge on the position of the dia-
phragm, compared with the other

two triggering modes.

DISCUSSION

The increase in systematic image

noise associated with respiratory mo-

tion is a significant problem in ob-

taming MR images with good spatial

resolution. The artifacts arise because

respiratory motion adds a frequency

modulation term to the Fourier tnans-

form in the phase-encoding direc-

tion. They are not propagated in the

frequency-encoding direction be-

cause little time elapses during a sin-
gle acquisition compared with the
period of respiratory motion. How-

where Fm is the frequency of motion,

TR is the repetition time, ‘y is the gy-

nomagnetic ratio, �G is the phase-en-
coding gradient step, Ty is the phase-

encoding gradient duration, and Ns

is the number of buffers pen projec-

tion. The intensity of the ghost anti-

facts increases as the amplitude of

the motion increases. A method of me-

ducing ghost artifacts is to choose TR

using equation 2 so that the artifacts

will occur beyond the image field of
view (23). However, this method is

not very flexible and does not reduce

blurring.
In addition to the increase in imag-

ing time (typically a factor of 2 to 3),

respiratory gating did not totally me-

move the ghost artifacts because of
the movement that is allowed. ROPE
reduces ghost artifacts by making the

variable of respiratory motion a

monotonic function of the phase-en-

coding gradient strength (iO). This

causes Fm to approach zero so the

quantity Y in equation 2 approaches

zero. Respiratory triggering, howev-
en, completely eliminated the ghost

artifacts because the MR data are col-

lected at a virtually constant abdomi-
nal wall configuration (Fm 0).

The second problem was the deg-

madation of the image by the blurring

of moving structures. Any imaging

technique that collects data oven 5ev-

era! respiratory cycles is subject to

image blurring because each projec-

tion will be distributed at a different

point of the respiratory cycle. In fact,

Figure 2 demonstrates that move-

ment greaten than 2.0 mm caused sig-
nificant edge degradation, which is

expected in an imaging modality
with the resolution of i-2 mm. The

human diaphragm typically moves

more than 2 cm during respiration
(22). Therefore, lesions in the thorax

and upper abdomen, particularly

those adjacent to the diaphragm, are

difficult to resolve (4).

ROPE does not reduce blurring be-

cause the MR data are acquired at

random points of the respiratory cy-

c!e. Both respiratory gating and nes-
piratory triggering restrict the data

collection within a narrow range of

abdominal wall configurations, and

this reduces the blurring of moving
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Figure 6. Coronal images of the chest and upper abdomen of a healthy volunteer, breath-

ing quietly in the supine position. The image (SE 4,000/30) in b was respiratory triggered to-

ward end inspiration. The image (SE 4,000/30) in d was respiratory triggered toward end-ex-

piration, and the image (SE 500/30) in a was respiratory gated at FRC. The image (SE 500/30)

in c was neither gated nor triggered.
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edges significantly. Figure 7 demon-

strates another important advantage

of respiratory triggering: imaging the

same section at different lung vo!-

umes. Therefore, it would be possible

to construct a cine-movie of the ab-

dominal and thoracic contents dun-

ing the respiratory cycle. This would

have applications in studying the dy-
namics of respiration and in imaging

organs and lesions that move with

respiration.

Typical clinical MR imaging of the

abdomen uses TRs on the order of
2,000 msec to image many sections.

Because the TR is approximately four
Tis (24), full Ti recovery is allowed,

which increases the signal. Also, for
best results, sections must be noncon-

tiguous, otherwise there will be sec-

tion interference, which results in

loss of signal and contrast (25, 26).

Theme are two causes of section in-
terfemence: (a) the RF section selec-

tion pulse excites protons in adjacent

sections, and (b) tissue in the selected

section moves during respiration into

adjacent sections. The first factor can

be reduced by defining the section

more accurately using sinc RF pulses

(27), but the second factor cannot be

controlled unless imaging is synchno-

nized with respiration. Section inter-
fenence occurs even if a!! odd sec-

tions are excited first followed by the

even sections since the time between
section excitation would be of the on-
den of two Tis. Therefore, for a com-
plete body survey, two sets of multi-
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Figures 7, 8. (7) Plot of signal intensity measured from an 8-mm wide region perpendicular to the diaphragm for the two respiratory trig-

gered images of Fig. 6. The solid curve was triggered toward end inspiration, and the dashed curve was triggered toward end-expiration. (8)

Plot of signal intensity for a 8-mm wide region perpendicular to the diaphragm. The images were obtained of a healthy volunteer breathing

quietly in the supine position. a SE 5,800/30 image respiratory triggered during inspiration, b = SE 5,800/30 image respiratory triggered

during expiration, c SE 5,800/30 image respiratory triggered during both inspiration and expiration (only every other respiratory cycle

was used for triggering to obtain the same effective TR as the images represented by curves a and b), d SE 5,800/30 untniggered image.



Figure 9. Respiratory triggered images on the bottom, with control images on the top, of a
patient with bronchogenic carcinoma. The lower right image (SE 3,400/30) was the second
section of a multisection sequence triggered during expiration. The lower left image (SE

3,400/30) was the fifth section of a multisection sequence triggered during inspiration. Both

808 . Radiology September 1986

control images were obtained at SE 3,400/30.

section images with TRs of 2,000

msec must be collected so that the

gaps of the first set are imaged.

Respiratory gating, for these long
TRs, fails for two reasons: (a) the two-

fold to threefold increase in imaging

time becomes unacceptable, and (b)

in mu!tisection imaging, the later

sections will not always occur within

the gating thresholds because the

data collection decision is made at

the start of the pulse sequence, and
this can occur just before an inspima-

tion.

Respiratory triggering during in-

spination only or expiration only me-

quines the use of TRs that are equal to

the period of the respiratory cycle

(typically between 3.5 and 4.5 sec-

onds), which is approximately twice

the desired value. In multisection im-
aging, we can overcome this problem
by collecting a contiguous set of im-

ages in which the odd sections are
triggered during inspiration and the
even sections during expiration. Two
trigger levels are set: one during in-
spiration at 10% of tidal volume

above FRC and the second during ex-

pination at 40% of tidal volume above

FRC. The trigger during expiration

starts the collection of odd sections,

and the trigger during inspiration
starts the collection of even sections,

with all the sections having a TR
equal to the mean respiratory period.
Each even section is located between
two odd sections and vice versa. For
typical respiratory cycles, there is 1-2

seconds between the triggering of

odd and even sections, which allows

sufficient tissue relaxation before the
interleaved sections are stimulated.
Therefore, this technique allows con-
tiguous chest and abdominal imag-

ing, even for section overlap, with-

out significant loss in image contrast

caused by section interference.
In Figure 9 the triggered images of

a patient with a bronchogenic carci-

noma show improvement compared
with the control images, particularly
with respect to edge definition in the
abdomen. In this technique, the sec-

tions triggered during expiration

(odd-numbered) are approximately at
the same lung volume (FRC), where-
as the sections triggered during in-

spination (even-numbered) occur at
lung volumes that exceed FRC by at
least 40% of tidal volume.

In situations in which only one set

of sections needs to be collected,

it is desirable to reduce the TR in

respiratory triggering to one-half of
the respiratory period. As we have
shown (Fig. 8), this can be done for a
single section by triggering at the
same abdominal wall configuration
during both inspiration and expira-
tion. This is possible because changes
in abdominal wall configuration dun-

ing both inspiration and expiration
are directly proportional to changes
in position of the diaphragm and ab-

dominal contents (28). Figure iO
shows images of a patient with meta-
static spread to the lungs from a thy-
mic carcinoma. These images
clearly show pleural tumor at the left
base immediately adjacent to the dia-
phragm. When the position of the di-
aphnagm in the gated image, which

was taken at FRC, was compared

with the image triggered at 40% of

tidal volume during both inspiration
and expiration, the normal lung

(night) showed an excursion of the

diaphragm that was absent on the af-
fected side (left). This suggested fi-

brosis in the diseased lung subse-

quent to chemotherapy, which was
consistent with clinical findings.

This technique of monitoring ab-

dominal circumference may be less

successful for thoracic imaging be-

cause the abdominal component of

respiration precedes lung volume

changes during inspiration and lags
lung volume changes during expira-

tion (28). In fact, for upper thoracic

imaging during both inspiration and
expiration it may be necessary to
move the circumferential transducer
to the upper thorax or, if the tmans-
ducem remains around the abdomen,
to accept a small amount of blurring
in the image. To extend respiratory

triggering during both inspiration
and expiration to multisection MR
imaging, each section could be con-,
trolled independently and triggered
at a separate voltage of the mespira-
tory cycle. This technique would be
useful in clinical abdominal imaging
because it combines reasonable TRs
with mu!tisection capabilities. It
would, however, require modifica-
tion of conventional MR software to
allow each section of a multi�ection

sequence to be independently trig-
gemed.

The increase in imaging time for

respiratory gating was compared
with that of triggering (Fig. ii). The
increase for gating was independent
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of the TR used. Respiratory trigger-

ing during inspiration or expiration
only is preferable to gating when

TRs exceed approximately one-third

to one-half of the respiratory period
(TP) which corresponds to i,500 msec

in the case of Figure 1 1 . However,

when contiguous or overlapping sec-
tions are required for a complete tis-

sue survey, triggering the odd and

even sections separately is preferable

when TRs exceed one-sixth to one-
quarter of TP (approximately 750
msec in this case).

In summary, respiratory gating

and triggering techniques were suc-
cessful in reducing spatial blurring

and eliminating the ghost artifacts.
The respiratory gating technique

worked well for TRs less than ap-

proximately 1,000 msec but was im-
practical for the longer TRs typically
used in abdominal imaging. Respira-

tory triggering was successful for
long TRs, and triggering the odd and
even sections separately allows con-
tiguous multisection imaging in a
single acquisition with reduced sec-

tion interference. Respiratory trig-

gening can also be used to study the

dynamics of respiration and associat-
ed movement of lesions and organs.

We have demonstrated that mespira-

tory triggering reduces respiratory

artifacts, but a clinical trial is needed

to determine the improvements that
it offers in diagnosis. U
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