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Please do not move, take a deep breath, and hold it
for the next minutes. This would result in an absolute
respiratory and patient motion-free myocardial perfusion
imaging (MPI) SPECT acquisition—or in a breathless
patient.

Thanks to substantial refinements over the past
decade MPI SPECT has evolved remarkably and rep-
resents a well-established method to assess diagnosis
and prognosis in patients with coronary artery disease.
However, artificial defects, loss of resolution, image
blurring, or even noninterpretable datasets have been
described due to patient motion (PM) and respiratory
motion (RM).' Although motion has been recognized
as a potential source of error, the optimal approach to
reduce the occurrence and extent of such artifacts has
yet to be found.

A revolutionary milestone in the era of SPECT
MPI, with the introduction of latest generation cad-
mium-zinc-telluride (CZT) semiconductor detectors
technology and a heart-focused design with optimized
image reconstruction software,* has not only resulted in
improved count sensitivity and spatial resolution, but
has also paved the way for innovative protocols with
drastically reduced image acquisition time® or lower
radiation dose.®® This has stimulated research on
promising methods for the elimination of motion either
prospectively or retrospectively. Motion tracking soft-
ware’™'! or prospective respiratory triggering during
inspiration breath-hold'>'* has been reported to
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eliminate motion. Although the clinical value of the
latter has been repeatedly demonstrated,'*™"* such an
approach inevitably complicates and prolongs acquisi-
tion protocols.  Therefore, implementation of
retrospective respiratory gating might represent a more
adequate strategy for controlling RM in daily clinical
routine and has recently been reassured by studies that
validated different motion detection and correction
algorithms for CZT cameras successfully.””"" Notwith-
standing the accuracy and reliability of these algorithms,
their impact on diagnostic accuracy is yet unclear.

In the current issue of the Journal of Nuclear Car-
diology, van Dijk et al.' investigated motion of patients
undergoing CZT MPI SPECT in order to determine the
value of an automatic motion detection and correction
software (MDC for Alcyone, GE Healthcare). This
commercially available software retrospectively bins
list-mode data from 5 pinhole projections and recon-
structs five dynamic images from 5 central pinholes.
Five virtual lines are drawn through the intersection of
the myocardium center of mass and each of the five
pinholes. The point with the smallest distance from these
lines is calculated (in the X, y and z dimension) for each
bin. Finally, the software tracks motion by comparing all
points and generates a system matrix that incorporates
the identified motion. In order to validate this software,
the authors performed a phantom test that demonstrated
an accurate detection of RM > 2 mm and PM > 1 mm.
In their retrospective study, 83 consecutive patients with
intermediate anatomical coronary lesions who under-
went stress/rest *°™Tc-tetrofosmin SPECT MPI were
included. Remarkably, FFR measurement by invasive
coronary angiography was performed in all patients. A
fixed scan time of 8 min for stress acquisition was used,
and data were acquired in list-mode. Attenuation cor-
rection was not performed in this study. For RM and PM
detection, emission data were reformatted into 1 s and
20 s time bins. Nonmotion-corrected scans were com-
pared with corrected scans by qualitative (visual) and
semiquantitative  (total perfusion deficit [TPD];

429


http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-016-0590-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-016-0590-4&amp;domain=pdf

Benz and Fuchs

430

Journal of Nuclear Cardiology®

March/April 2018

Breathless or breathtaking: Respiratory motion correction

syuane  sid ‘uonow

yuaned Wy ‘uonow Kioyeirdsal |y ‘ssans [ediSojodewreyd wupyd pjj0o} uonensiSal aSew pPlayJays JYyYs ‘remyos Supes Aioyenidsal JyyDFy ‘UONIIDP uonow g/

PR R (W) Ww Z°y S 0¢
g uea (Wd) ww o] (Wd) Www 60 () ww gz s Ul g UIWSOJOIIRN-I] 46 €8 JAW
(3s21) ww 7°7 (3s21) wiw /] (as21) ww £°0]
1, Te 39 noeq (ssans) ww | (ssans) ww | (ssens) ww /°'6 S G0 Ul G UIWSOJONIDI-O 66 8] 1VOTY
syd Jo o4 ww g<
o'l sid Jo %G¢ ww -1
e8Spay ww o< sudjo %0 ww g< sid jo %40 :ww g< syd Jo %79 ww -0 s 0¢ Ul 9 UIWSOJONd-DL 66 ot INIUS
(Iwpesn) ww 9'Z (Iwpean) Www ¢z ([lwpean) ww ¢7]
s OY wWwgl< (wreyd) ww ¢z (wreyd) ww 9'7 (wreyd) ww g0 S G0 Ui ¢ wnieylr, ,, 7SS W3IdVW
ADUDIIJIY UOoNePIJeA JeSIOP-[eIJUIA [eid)e] UOIIOW epned sowelj 2w eI syuaned E-—y_..cm_c
wojyueyd uonow -olueId UONOY /sulg uedg -aw
wolij
uonouw
JURAIIRY

selowed 7D Ul UOIDI1I0OD pue UOIDI)IP UOKRON °*J dIqel



Journal of Nuclear Cardiology®
Volume 25, Number 2;429-32

segmental uptake) parameters. If diagnostic outcome
changed due to motion correction, the results were
compared to FFR results.

In their study, the mean RM was 2.5 = 0.4 mm and
the maximum PM was 2.4 + 0.8 mm, 2.8 = 0.9 mm,
and 3.4 + 1.5 mm in the lateral, ventral-dorsal and
cranial-caudal direction, respectively. Of note, the mean
RM decreased during the scan, especially during the first
2 min. Changes regarding the visual interpretation
occurred in nine patients (11%) after applying the RM
correction algorithm. However, based on FFR as stan-
dard of reference, this resulted in deterioration of the
diagnostic outcome of five of these nine patients (6% of
the total study population). A TPD change >7%
occurred in two patients (3%) after RM correction was
applied and resulted in one patient having improvement
and another having deterioration based on FFR. A seg-
mental uptake change >5% occurred in 57 patients
(69%) and resulted in an improvement according to FFR
in 30 patients, but resulted in deterioration of 15 patients
and remained unknown in 12 patients. The patient
motion correction did not change diagnostic outcomes in
any of the patients based on SPECT interpretation or
TPD. However, based on >5% segmental change, the
segmental uptake values were corrected in seven
patients. Finally, the amount of motion correction and
the mean RM or PM did not correlate.

This study adds an important piece to the puzzle of
detecting and correcting motion in MPI SPECT. With
the introduction of CZT cameras, the application of
motion detection and correction algorithms has lately
regained widespread interest.'”'' The authors should be
congratulated for this comprehensive study investigating
a commercially available software to automatically
detect and correct motion. The study is well conducted,
and the results are clearly presented. One of the
strengths of the study is the use of invasive FFR as the
standard of reference. Nevertheless, it is arguable whe-
ther invasive FFR is the ideal standard of reference since
concordance between SPECT and invasive FFR has
previously been shown to be modest,'>'® even in the
same study population.'” Moreover, the authors’ effort
to validate the software tool with a basic phantom test
adds fundamental background information on its accu-
racy. The finding that insufficient count statistics might
lead to a deterioration of image quality is problematic—
particularly in view of the projected steps to decrease
radiation exposure through lowering isotope doses and
prolonging acquisition times.° As the authors state
themselves, the motion detected by MDC in this study,
especially RM, was substantially smaller than reported
in previous studies.””'" In consideration of the mean RM
and PM of 2.5 mm and 1.2 mm, the authors conclude
that correction of this small motion did not appear to
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improve the diagnostic outcomes, and hence the value of
applying motion correction seems limited in MPI CZT
SPECT. Based on visual interpretation, this seems to be
entirely true in this study population as the SPECT
interpretation, after applying the motion correction
algorithm, changed in 11% of patients of whom 44%
resulted in an improvement and 56% resulted in dete-
rioration. However, a segmental uptake change > 5%
occurred in 69% of the study population. Furthermore,
in addition to the above-mentioned comment on FFR as
the standard of reference, this needs to be put in the
perspective of recently published work on that topic
(Table 1). The scan duration seems to play an important
role regarding motion. While scan duration lasted
between 3 and 6 min in the previously reported stud-
ies,””"" it was 8 min in this study. The higher detected
motion in previous studies seems in line with the
important finding of van Dijk et al."” that RM decreased
significantly during the scan, especially in the first 2 min
(e.g., motion was highest during the first 2 min). This
might suggest that shorter scan protocols—which have
become feasible due to CZT detectors—might be more
susceptible for motion as the first minutes of excessive
movement have a higher relative impact, and therefore
motion detection and correction algorithms may play an
even more important role in short acquisition protocols.
Of course, prolonged scan durations as used in con-
ventional SPECT will again increase the likelihood of
motion artifacts.'® Explanations, such as longer time
bins and higher myocardial count rates, have been dis-
cussed in the study of van Dijk et al.'® Additionally, the
type of stress (pharmacological vs treadmill) seems to
play a role as Ko et al. have reported a significant higher
motion along the cranio—caudal axis in patients who
have undergone SPECT MPI after treadmill stress.’

As emphasized by the authors, comfortable envi-
ronment and sufficient patient information are
mandatory principles to reduce motion, but it remains
questionable that this will be sufficient in all circum-
stances. Whether latest technologies for motion
detection and correction are a breathtaking breakthrough
or whether breathless patients will be the future still
seems to require further investigations.
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