
1 Exercise stress CMR vs. nuclear SPECT. 
1A: Normal rest systolic function, indicated by 
normal end-systolic thickening. 1B: After 
exercise stress, the same cardiac plane at end-
systole shows apical dyskinesis (white 
arrows). 1C: Stress nuclear perfusion image 
from the same patient does not show definite 
ischemia. 1D: Exercise stress perfusion CMR 
shows a large perfusion defect (white arrows) 
in the apical septum, corresponding to the 
region of stress-induced dyskinesis. 1E: Sub-
endocardial enhancement (black arrow) on 
late post-gadolinium CMR reveals a small 
region of infarcted myocardium in the region 
of untreated ischemia.
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1. Introduction
Combining exercise testing with Cardiac 
Magnetic Resonance Imaging (CMR) has 
the potential to safely, accurately, and 
non-invasively provide valuable clinical 
information not available with other 
existing stress imaging modalities. This 
approach affords for the first time mea-
surement of myocardial perfusion, dia-
stolic function, systolic function, electro-
cardiography, myocardial edema, 
myocardial infarction, and exertional 
symptoms all in a single test. We expect 
that by improving both diagnostic accu-
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racy and prognostic information, this 
new approach to the cardiac stress test 
may make a significant contribution 
toward improving outcomes in patients 
with Ischemic Heart Disease (IHD).
To date, the lack of MRI-compatible exer-
cise equipment, and the lack of imaging 
techniques that can perform reliably 
under conditions of high heart rate and 
rapid breathing have prevented the real-
ization of exercise stress CMR. At The 
Ohio State University Richard M. Ross 
Heart Hospital we have developed an 

MRI-compatible treadmill that can be 
safely positioned inside the MRI room to 
minimize the distance a patient has to 
move between the treadmill and the MRI 
table, and we have applied improved 
 real-time imaging methods that enable 
imaging of exercise-induced wall motion, 
 perfusion, and blood flow abnormalities 
immediately after exercise [1-3]. The suc-
cess of preliminary studies in coronary 
artery disease patients (example shown 
in Fig. 1) has provided the motivation to 
pursue further development of this 
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 technology and expanded clinical test-
ing in an upcoming multi-center trial. 
In this article we report on the first 
experience with treadmill exercise stress 
CMR using a prototype MRI-compatible 
treadmill together with rapid techniques 
for real-time cine and first-pass perfu-
sion imaging accelerated using TPAT 
(Temporal Parallel Acquisition Tech-
nique). After a brief introduction to pro-
vide the motivation for this effort, we 
present a description of the equipment, 
imaging sequences, the exam protocol, 
and case examples.

1.1 Importance of exercise 
stress imaging
The burden of ischemic heart disease 
(IHD) – in both lives lost and dollars 
expended – is staggering. Since 1990, 
more people worldwide have died from 
coronary artery disease (CAD) than from 
any other cause; in 2002 approximately 
3.8 million men and 3.4 million women 
died from CAD. In the United States 
alone, CAD affects approximately 16.8 
million people with an estimated annual 
economic burden of over $165 billion 
[4]. Stress cardiac imaging is the most 
common means of defining the pres-
ence and extent of IHD, and as many as 
7.5 million stress SPECT and 2.5 million 
stress echocardiography studies are per-
formed each year in the U.S.[5]. Exercise 
stress with imaging identifies both loca-
tion and extent of disease, resulting in 
greater diagnostic accuracy than exer-
cise ECG testing alone [6-10]. However, 
the rate of false-positive and false-nega-
tive stress imaging using standard 
modalities averages 15% [9]; this uncer-
tainty in diagnosis increases costs by 
having to treat the sequelae of missed 
disease or having to perform additional, 
often invasive testing with attendant 
risks and cost. 

1.2 Exercise vs pharmacological 
stress
Pharmacologic stress (vasodilator stress 
perfusion imaging or dobutamine stress 
cine imaging) has been the only viable 
option for stress CMR due to lack of 
magnetic resonance-compatible exercise 
equipment. However, pharmacological 

stress testing does not supply the impor-
tant physiological data provided by 
treadmill exercise. Exercise links physical 
activity to symptoms and ischemia [11] 
and offers information on exercise 
capacity, blood pressure response, 
arrhythmias, and the presence or 
absence of symptoms such as chest pain 
during exercise [12]. The Bruce Tread-
mill Test, first published in 1963 [13], is 
the most commonly used exercise test 
protocol in the US [14, 15], and has 
been shown to have high diagnostic and 
prognostic value [6, 16]. Certain exer-
cise parameters such as inability to com-
plete 6 minutes of the Bruce treadmill 
protocol [17] and inability to reach 85% 
of age-predicted maximum heart-rate 
indicate significant risk of coronary 
events [18], adding to the prognostic 
value of a stress imaging test. Undesir-
able side-effects are another disadvan-
tage of pharmacological stress agents. 
For these reasons, pharmacologic stress 
is typically only advised for patients 
unable to undergo exercise stress due to 
de-conditioning, peripheral vascular dis-
ease, or orthopedic disabilities [7, 19].

1.3 CMR vs Echo and Nuclear
Echocardiography and nuclear SPECT are 
most commonly combined with tread-
mill exercise for evaluation of patients 
with known or suspected CAD, but both 
modalities have significant limitations. 
Echocardiography, primarily used to 
assess cardiac wall motion, can suffer 
from poor acoustic windows due to obe-
sity, prior surgery, or lung disease [20]. 
Quality is highly dependent on the skill 
of the sonographer to repeatedly and 
rapidly acquire proper views, and com-
plete visualization of all LV segments is 
often poor [20]. SPECT myocardial per-
fusion imaging exposes patients to 
10-28 mSv of ionizing radiation [21]. In 
this range, harmful effects must be con-
sidered in a patient population likely to 
undergo other tests involving radiation 
exposure. SPECT images are of signifi-
cantly lower spatial resolution than 
CMR, and image quality is frequently 
degraded by photon scatter and attenu-
ation artifacts [22]. Women may be par-
ticularly prone to false positive stress 

SPECT results due to breast tissue 
attenuation. A comprehensive exercise 
CMR study that demonstrates both wall 
motion and perfusion with high resolu-
tion, plus information on exercise capac-
ity and viability is expected to provide 
far greater diagnostic information than 
wall motion stress echocardiography or 
stress SPECT perfusion alone. 

2. Treadmill exercise CMR 
technology 
Two types of exercise devices most com-
monly used in exercise stress testing are 
the treadmill and the bicycle ergometer. 
Attempts at exercise CMR using both 
devices have had limited success due to 
technical and clinical challenges. A 
supine bicycle ergometer that allows 
exercise imaging inside a closed-bore 
magnet is commercially available (Lode 
BV, The Netherlands). While this device 
has been used to measure blood flow at 
sub-maximal exercise [23], there are no 
reports of its use in IHD. Flat supine 
cycling is an unorthodox form of exer-
cise making it very difficult for patients 
to achieve the maximal cardiovascular 
stress required for diagnosis of ischemia. 
While upright treadmill exercise is the 
physiologically preferred method of 
 cardiovascular stress testing, it presents 
significant challenges with MRI. Stan-
dard treadmills are made from ferromag-
netic components and powered by elec-
tromagnetic motors, preventing their 
safe use in close proximity to any MRI 
magnet. Accurate diagnosis, especially 
in patients with less severe single-vessel 
disease, requires imaging to be per-
formed as close as possible to peak 
 exercise, with as little delay as possible. 
American Heart Association (AHA) 
guidelines recommend that function 
imaging be completed within 60-120 s 
following peak stress; ideally within 
60 s [24]. Requiring the patient to walk 
from a treadmill immediately following 
 maximal exercise on a treadmill posi-
tioned any distance from the MRI table, 
whether inside or outside the room, 
may produce dizziness and risk of falling 
even in relatively healthy patients. 
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2.1 The MRI-compatible 
 treadmill* 

We have made efforts to minimize the 
time between end of exercise and imag-
ing to maximize both safety as well as 
sensitivity of the test by designing and 
constructing a fully MRI-compatible 
treadmill (Fig. 2). Commonly used 
treadmill components (such as a steel 
frame and electric motors) are not suit-
able for use in the strong magnetic field 
of the MR environment. To ensure MR 
compatibility, in-room treadmill compo-
nents were constructed of non-ferro-
magnetic structural materials such as 
plastics, 316-series stainless steel, and 
aluminum. 
The primary challenge in MRI-compati-
ble treadmill design is the drive system. 
Traditional electrical treadmill motors 
use ferromagnetic components with sig-
nificant mass and can pose a severe haz-
ard if brought into close proximity to the 
MRI magnet. By its nature, an electro-
magnetic motor cannot be made non-
magnetic. For this reason, non-ferro-
magnetic hydraulic actuators (motor 
and lift cylinder) were used to power 
the treadmill belt and elevation mecha-
nism, and optical fiber sensors used for 
feedback control of speed and eleva-
tion. The treadmill was designed to 
execute the standard Bruce stress test 
protocol up to Stage 7 (6 mph and 
22% incline) in subjects up to 181 kg 
(400 lbs) in body weight.
The power unit, consisting of an electri-
cal motor driven pump, is located out-
side the MRI magnet room in the adja-
cent equipment room. Hydraulic hoses 
running through a waveguide from the 
equipment room to the magnet room 
provide the fluid pressure needed to 
drive the treadmill belt motor and lift 
cylinder (Fig. 3). Since the treadmill is 
intended to be used in healthcare facili-
ties, the hydraulic systems use normal 
tap water rather than traditional oil-
based hydraulic fluids. This ensures sim-
ple cleanup of any accidental fluid leak-
age from the system and also eliminates 
the need for special hydraulic fluid. The 
treadmill is connected to the power unit 

and control computer located in the 
equipment room via three flexible 
hydraulic hoses and three fiber optic 
cables, all of which are routed through a 
waveguide in the wall of the MRI room. 
An MRI-compatible keyboard/touchpad 
and a standard LCD computer monitor 
mounted to the wall are connected to 
the control computer via fiber-optic 
cables run through the waveguide. A 
LabView (National Instruments, Austin, 
TX) application was written to control 
the speed and elevation of the treadmill, 
as well as to monitor safety parameters. 
The control program runs the treadmill 
speed and elevation through the Bruce, 
or other similar exercise stress protocols 
using the optical speed and elevation 
sensors to ensure accuracy. An optical 
emergency stop button is located on the 
treadmill that allows the operator to 
immediately halt the treadmill without 
computer interaction. 

2.2 Patient monitoring 

We have configured a PC-based stress 
testing system (GE Cardiosoft, GE 
Healthcare) to provide 12-lead ECG 
monitoring inside the MRI scan room 
during and after the treadmill test. The 
12-lead ECG is non-diagnostic while the 
patient is inside the magnet bore, but 
can be effectively used while the patient 
is on the treadmill and recovering on the 
MRI table [25]. The Cardiosoft software 
runs on the treadmill control computer 
to display and record the 12-lead ECG, 
as well as to send speed and elevation 
commands to the treadmill. The ECG 
acquisition module is connected to the 
computer in the equipment room via a 
standard cable that passes through a 
low-pass filter on the penetration panel 
to avoid introducing any RF interference 
into the magnet room. The ECG module 
has been found to contain only minimal 
metallic components and can be quickly 
disconnected and placed on the table at 
the feet of the patient during MRI with-
out safety risk or generation of image 
artifacts. Blood pressure is monitored at 
regular intervals throughout the exercise 

2 MRI-compatible treadmill positioned for stess test adjacent to 1.5T MAGNETOM Avanto. 
Placement next to MRI facilitates rapid and safe transfer of patient from treadmill to MRI table.
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2

*Currently there are not any MR-compatible tread-
mills marketed in the US, thus the use described 
in this article is investigational only.
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3 Powerpack consisting of electric motor driven pump is located in the MR equipment room and connected to the treadmill in the MRI 
room via hydraulic hoses and fiber optic cables passed through a waveguide. 12-lead ECG is displayed and treadmill is controlled via 
 Cardiosoft® software.

4 Typical layout for exercise stress echocardiography test with patient bed adjacent to the 
treadmill to minimize both time to post-exercise imaging and risk of patient injury.
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test using an MRI-compatible manual 
sphygmomanometer and stethoscope.
By positioning the MRI-compatible tread-
mill directly adjacent to the MRI scan 
table we are essentially configuring the 
MRI scanner room exactly like a stress-
echocardiography lab (Fig. 4). This con-
figuration facilitates rapid, safe transfer 
of the patient from the treadmill onto 
the MRI table, enabling completion of 
both function and perfusion imaging 
before ischemic changes dissipate and 
thereby providing a high level of accu-
racy and safety. With MRI-compatible 
equipment allowing positioning of the 
exercise stress system immediately 
adjacent to the MRI system, and the use 
of rapid real-time imaging techniques 
eliminating breathhold requirements, 
exercise stress MRI can be successfully 
performed in cardiac patients, and may 
potentially achieve higher levels of diag-
nostic accuracy than previously shown 
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5 Timeline for the treadmill MRI test, including slice localization, rest and stress function, rest and stress perfusion, and viability. The estimated 
cumulative time for the entire procedure is shown. Modified with permission from Journal of Cardiovascular Magnetic Resonance [1].
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for pharmacological stress MRI or other 
stress imaging modalities.

2.3 Imaging techniques 
Real-time and single-shot imaging tech-
niques significantly shorten scan time 
and eliminate need for regular cardiac 
rhythm and patient breathhold. These 
factors are especially critical in imaging 
patients immediately after exercise. 
Imaging must be completed rapidly 
post-exercise due to resolution of stress-
induced abnormalities as heart rate 
recovers [7]; inevitable exercise-induced 
shortness of breath makes post-stress 
breath-holding impractical and prevents 
the use of segmented k-space acquisi-
tions. Temporal resolution requirements 
are even higher for stress vs. resting cine 
imaging due to elevated heart rates and 
rapid, heavy breathing. Recent advances 
in MRI hardware and advanced tech-
niques such as the TSENSE [26] and 
TGRAPPA [27] methods of dynamic par-

allel imaging have resulted in significant 
improvements in the temporal and spa-
tial resolution of real-time and single-
shot imaging methods. The combination 
of TGRAPPA parallel imaging with 
advanced 32-channel receiver array 
technology enables real-time imaging 
with sufficient spatial and temporal 
 resolution for high heart-rate imaging, 
impervious to irregularities of cardiac 
rhythm or patient inability to breath-
hold. Real-time TrueFISP cine images 
are acquired at rest and stress using 
TGRAPPA parallel acceleration rate 4, 
TR/TE 2.3/1.0 ms, temporal resolution 
47.6 ms, matrix 84 x 160, slices: 5 short-
axis (SAX), 3 vertical long-axis (VLA), 
1 horizontal long-axis (HLA)) without 
ECG synchronization or breathholding. 
First-pass perfusion images are acquired 
at rest and stress using a hybrid gradient 
echo, echo-planar imaging sequence 
(GRE-EPI) with TGRAPPA parallel acceler-
ation rate 2, 3 SAX slices, echo train 

length = 4, matrix 96 x 160, TR/TE 
5.6/1.1 ms, FA 25°, BW 1955 Hz/pixel, 
slice thickness 10 mm, in-plane spatial 
resolution 3 mm, and temporal resolu-
tion (readout only) of 68 ms. The per-
fusion sequence is ECG triggered but 
does not require breathhold. Delayed 
enhancement viability imaging is per-
formed following recovery from exercise 
using a single-shot non-breathheld 
inversion-recover TrueFISP sequence (TR/
TE 2.5/1.2 ms, FA 50°, BW 790 Hz/pixel, 
slice thickness 8 mm, in-plane spatial 
resolution 2–3 mm).

3. The Treadmill exercise CMR 
protocol

3.1 The procedure

The exercise stress CMR protocol is out-
lined in figure 5. Images are acquired 
first at rest prior to treadmill exercise, at 
stress immediately following maximal 
exercise, and then again after recovery. 

Resting
ECG

(Supine)

10 min 20 min 30 min

Subject quickly 
transferred from 
treadmill to MRI; 

IV connected

Table immediately 
pulled out; 12-lead 
ECG reconnected

40 min 45 min 50 min 55 min

Treadmill exercise 
12-lead ECG and blood 

pressure monitoring

Recovery
12-lead ECG

(Supine)

MRI Scan #4
(Viability)

Cumulative
time

MRI Scan #1
Slice Localization
Resting Function

MRI Scan #2
Stress Function
and Perfusion

MRI Scan #3
(Resting Perfusion)

5



6 Vacuum mat-
tresses placed 
under shoulders 
and legs of patient 
ensure that they 
return to the same 
position following 
exercise. Stress 
imaging scans are 
prescribed and 
queued up in 
advance for rapid 
execution post-
exercise. Reprinted 
with permission 
from J. Cardiovas-
cular Magnetic 
Resonance [1].

MAGNETOM Flash · 3/2011 · www.siemens.com/magnetom-world   113

Patients are first positioned on the MRI 
table using vacuum mattress positioning 
devices (Vac-Lok Cushions, MEDTEC, 
Orange City, IA, USA) under the head/
shoulders and legs to form a cast of their 
body as shown in figure 6. This facilitates 
accurate repositioning and eliminates 
the need to repeat localizer scans after 
exercise. Slice positions can be defined 
at rest prior to exercise and imaging 
sequences for both real-time cine and 
first-pass perfusion queued up for 
 immediate execution following exercise. 
After completion of resting cine images 
and setup of post-exercise scans, 
the patient is removed from the MRI 
machine, resting 12-lead ECG is 
recorded in the supine position while 
lying on the fully-extended MRI table, 
and also upright with the patient stand-
ing on the treadmill. Patients typically 
perform the standard Bruce Treadmill 
Protocol [13] to peak stress as deter-

mined by age-predicted maximal heart 
rate (APMHR = 220 – Age), although 
other exercise protocols can be used. 
The goal is to commence imaging with 
the subject’s heart rate at the target of 
85% of APMHR. Upon reaching maximal 
exercise stress as determined by heart 
rate, the blood pressure cuff and ECG 
cable are removed and the subject lies 
back into position on the vacuum mat-
tresses on the MRI examination table. 
The anterior array coil is positioned on 
the chest, the IV line connected to the 
arm for contrast agent injection, and 
the ECG module is disconnected from 
the computer before moving the table 
to magnet isocenter. Imaging can be 
started from inside the MRI room by 
pressing the “Start” button located on 
the MRI scanner housing. Images of 
cardiac function at peak stress are then 
immediately acquired using the pre-
viously queued cine sequence. The 

GRE-EPI perfusion sequence is queued to 
start automatically following the cine 
scan. Contrast agent injection is admin-
istered by the technologist in the MRI 
room using a pre-armed power injector. 
The technologist starts the injector as 
soon as they hear the real-time cine 
sequence end. Immediately following 
stress imaging, the patient is removed 
from the magnet bore and remains on 
the table for 8–10 minutes of recovery 
with 12-lead ECG and blood pressure 
monitoring. The patient is then moved 
back into the MRI system for recovery 
cine images as well as resting perfusion 
and delayed enhancement viability 
imaging using a single-shot non-breath-
hold scan covering the same slice posi-
tions used for cine imaging.

3.2 Timing results
While there are no existing clearances or 
guidelines for exercise CMR, the physiol-

Vacuum Mattress:
Foot to Upper Thigh

Vacuum Mattress:
Head and Shoulders

Surface Array Coil

6
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All patients 66 or older

N median N median

CINE 38 47 sec 9 47 sec

PERFUSION 36 80 sec 9 82 sec

All patients 66 or older

N mean N median

START CINE 38 85.2 9 91.8

END CINE 38 76.9 9 84.3

END PERF 31 69.1 8 72.8

Table 1: Time to complete cine imaging (9 slice positions) and 
perfusion imaging (3 slice positions) from the end of exercise. 
Sub-group of older patients showed similar results.

Table 2: Mean heart rate shows that on average patients were 
at target heart rate at start of cine imaging.

Time from exercise to completion of imaging

Heart Rate (% age predicted max)

ogy of exercise-induced ischemia and 
extensive experience with echocardiog-
raphy has established the need to 
acquire images as rapidly as possible 
after the end of exercise before the 
effects of ischemia resolve. Maximum 
sensitivity is achieved if imaging com-
mences with the patient’s heart rate at 
85% of age predicted maximum and 
completed within 60 seconds of end of 
exercise. Table 1 and Table 2 show the 
timing of post-exercise CMR in 38 
patients referred for evaluation and 
diagnosis of known or suspected CAD; 
this cohort included nine patients age 
66 years or older. Using the MRI-compat-
ible treadmill and configuration shown 
in figure 3 we were able to successfully 
commence imaging with heart rate at 
target and to complete cine imaging of 
cardiac function within the recom-
mended 60 seconds. It took an average 
of 25 seconds for transfer from treadmill 
to table, coil and IV positioning, and 
movement of table to isocenter. The 
older group of subjects were transferred 
just as quickly, and their heart rate 
stayed elevated longer than the younger 
subjects. These results demonstrate the 
feasibility of performing post-exercise 
CMR within the guidelines established 
for stress echocardiography. 

4. Case examples
Three examples are show here of tread-
mill exercise CMR results in patients 
referred for exercise stress SPECT exams. 
These show the image quality possible 
using rapid real-time imaging tech-
niques even with the high heart rates 
and rapid breathing encountered 
 immediately post-exercise. In two of the 
cases, SPECT images acquired at the 
same time are shown for comparison.
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4.1. Normal treadmill stress CMR

4.2. Ischemia by treadmill stress CMR and SPECT

7 Normal Treadmill Stress CMR. End-diastolic (7A, E) and end-systolic (7B, F) frames of cine imaging at rest (top row) and immediately post-
stress (bottom row) plus stress myocardial perfusion imaging (7C, G) are shown in a 52-year-old postmenopausal female referred for stress SPECT 
to evaluate dyspnea; both stress modalities were negative for ischemia. In addition, late post-gadolinium enhancement (LGE) CMR imaging (7D) 
showed no myocardial enhancement. Reprinted with permission from J. Cardiovascular Magnetic Resonance [3].

7B7A 7C 4D

7G7F7E

8 Electrocardiography during Treadmill Stress CMR. Rest (left) and stress (right) electrocardiography obtained in a 64-year-old male with 
exertional chest pain and remote anteroseptal myocardial infarction demonstrates exercise-induced left bundle branch block with reproduc-
tion of symptoms at stage 4 of the Bruce treadmill protocol. Reprinted with permission from J. Cardiovascular Magnetic Resonance [3].

8
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4.3. Ischemia by treadmill stress CMR not evident by SPECT
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9 Rest and stress CMR and SPECT images in 
the same patient; both demonstrate myocardial 
ischemia, with corresponding obstructive coro-
nary artery disease by angiography. Resting 
diastolic (9A) and systolic (9B) cine frames vs. 
comparable post-exercise cine frames (9F, G) 
show stress-induced inferior wall contractile 
dysfunction (9G, arrowhead). Inferior ischemia 
is also demonstrated by CMR perfusion imaging 
(9C-rest perfusion vs. 9H-stress perfusion, 
arrowhead). Prior MI in the anteroseptum can 
be seen on late post-gadolinium imaging (9E); 
note some fatty replacement in the infarct 
region evident as bright intramyocardial signal 
on non-contrast gradient echo cine frame in 
panel B. Rest Tc-99 m perfusion SPECT (9D) 
suggests normal perfusion, though somewhat 
obscured by adjacent bowel uptake; stress Tc-
99m perfusion SPECT shows inferior wall defect 
(9I, arrowhead). The patient went on to inva-
sive angiography that showed an occluded right 
coronary artery (9J, arrow) with some left-to-
right collateral flow. Reprinted with permission 
from J. Cardiovascular Magnetic Resonance [3].

10 Rest and stress images show ischemia by 
CMR not evident by SPECT in a 56-year-old 
male with known coronary artery disease was 
referred for stress testing to evaluate abnormal 
stress ECG done prior to starting a supervised 
exercise program. Exercise-induced ischemia is 
evident by ST depression on electrocardiogra-
phy (10A rest, 10F stress), lateral wall motion 
abnormality on end-systolic frames from cine 
CMR (10B rest, 10G stress) and lateral perfusion 
abnormality on first-pass contrast enhanced 
CMR (10C rest, 10H stress). No myocardial 
infarct scar was seen by LGE CMR (10E). SPECT 
images obtained during the same stress exami-
nation suggest normal myocardial perfusion 
(10D rest, 10I stress). Invasive angiography 
(10J) identified high-grade ostial stenosis of a 
large ramus intermedius coronary artery 
leading to percutaneous coronary intervention. 
Reprinted with permission from J. Cardiovascu-
lar Magnetic Resonance [3].
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5. Summary and future 
 directions

An exercise stress CMR exam can poten-
tially provide a wealth of information not 
available from any other single diagnos-
tic test. While perfusion defects suggest 
ischemia, the additional information 
provided by wall motion assessment 
with stress provides important insights 
into the functional effects of perfusion 
abnormalities on systolic performance. 
Encouraging initial results have led to 
the formation of a startup venture, 
EXCMR, Inc., to pursue commercializa-
tion of this technology. EXCMR has part-
nered with Siemens and Ohio State Uni-
versity in a multi-center trial funded by 
the State of Ohio Third Frontier program 
to evaluate treadmill exercise CMR in 
patients with known or suspected coro-
nary artery disease. MRI-compatible 
treadmills are being installed at Case 
Western Reserve University in Cleveland, 
The Christ Hospital in Cincinnati, and 
University of Pittsburgh Medical Center. 
This trial will enroll over 200 patients in 
a direct comparison with nuclear SPECT 
imaging. Ohio State University is also 
collaborating with Siemens Healthcare 
and Siemens Corporate Research with 
support from the National Heart Lung 
and Blood Institute (R01HL102450) on 
the development of new methods for 
real-time imaging with improved tempo-
ral and spatial resolution, as well as 
advanced methods for quantification of 
systolic and diastolic cardiac function at 
rest and stress. Through these collabo-
rative efforts it is hoped that exercise 
stress CMR will become an important 
tool in the diagnosis and guidance of 
therapy for heart disease patients in the 
near future.


