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Abstract

123
I-BMIPP (Iodine-123 labeled beta-methyl-p-iodophenyl-pentadecanoic acid) is a radiotracer that facilitates

non-invasive assessment of myocardial fatty acid metabolism through single photon emission computed

tomography imaging. Given that fatty acids serve as one of the primary energy sources for cardiac muscle,

reduced uptake of
123

I-BMIPP offers valuable insights into the pathophysiology of various cardiac conditions,

particularly in coronary artery disease (CAD). Despite its reported efficacy, the use of
123

I-BMIPP remains

limited outside Japan, primarily due to regulatory and supply challenges. However, in Japan,
123

I-BMIPP is

clinically utilized for CAD patients with various ischemic conditions as the protocol does not require stress tests

or contrast iodine and has a relatively short acquisition time. This review highlights the clinical applications of
123

I-BMIPP across various conditions and aims to promote its broader adoption in clinical practice, both in Japan

and internationally.
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I
odine-123 labeled Beta-Methyl-p-Iodophenyl-Pentadecanoic

Acid (
123
I-BMIPP) is a radiopharmaceutical tracer widely

used in nuclear cardiology in Japan. Labeled with Iodine-123

(I-123), it allows for the non-invasive evaluation of

myocardial fatty acid metabolism via single photon emission

computed tomography (SPECT). Since fatty acids are a key

energy source for the heart, reduced uptake can reveal

important insights, particularly in coronary artery disease

(CAD) (1).
123
I-BMIPP helps identify myocardial regions with impaired

fatty acid metabolism due to ischemia, making it valuable for

diagnosing various cardiac conditions, including unstable

angina, acute coronary syndrome (ACS), myocardial infarc-

tion (MI), and heart failure. However, its use outside Japan is

limited by regulatory and supply issues. This review aims to

introduce
123
I-BMIPP’s clinical utility to physicians in Japan

and globally.

Mechanism of
123

I-BMIPP and protocol

The myocardium primarily uses fatty acids and glucose as

energy sources. Under normal conditions, it predominantly

relies on fatty acid metabolism during fasting and rest,

however, in situations such as myocardial ischemia, energy

metabolism shifts from fatty acids to glucose metabolism.
123
I-

BMIPP exhibits the pharmacokinetics similar to endogenous

fatty acids and, once taken up by cells, migrates into

triglyceride pool and mitochondria. Due to the presence of a

methyl group at the β-position as a side chain, it is resistant to

β -oxidation and remains in the myocardium for a longer

duration. By evaluating
123
I-BMIPP uptake, localized distur-

bances in myocardial fatty acid metabolism can be detected (2,

3).

The feasibility of
123
I-BMIPP myocardial SPECT as a

metabolic imaging tool for detecting ischemia was initially

demonstrated in canine models by Schebelt et al. They

observed impaired fatty acid metabolism accompanied by

increased glucose utilization in ischemic regions using C-11

palmitic acid and fluorodeoxyglucose positron emission

tomography (FDG PET) imaging. (4). Schwaiger et al. further

showed that fatty acid metabolic disturbances could persist for

several weeks following a 3-hour coronary occlusion (5).

These foundational studies paved the way for the clinical use
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of
123
I-BMIPP metabolic imaging to identify past myocardial

ischemia in humans (6, 7).

The current
123
I-BMIPP SPECT protocol involves

administering
123
I-BMIPP at rest, followed by SPECT imaging

approximately 30 minutes later (8). In some cases, delayed

imaging is also performed 3‒4 hours post-administration to

evaluate discrepancies between early and delayed images,

although further evidence is needed to validate this approach.

Additionally, dual-isotope simultaneous acquisition SPECT,

which combines myocardial perfusion imaging with
123
I-

BMIPP, is widely used in Japan to evaluate perfusion-

metabolism mismatch (9). This technique allows for the

concurrent assessment of fatty acid metabolism and myocardi-

al perfusion, providing valuable insights into myocardial

pathology by comparing metabolism and perfusion images.

Table 1 details the interpretation of perfusion‒metabolism

mismatch in dual-isotope SPECT compared to stress and rest

myocardial perfusion SPECT.

The capacity of
123
I-BMIPP to evaluate reduced myocardial

uptake plays a crucial role in diagnosing various aspects of

CAD. However, accurately interpreting decreased
123
I-BMIPP

uptake necessitates careful consideration of both the severity

of ischemia and the timing of imaging relative to ischemic

episodes. In the following sections, I explore the utility of
123
I-BMIPP in different ischemic conditions.

Significance in ACS diagnosis

ACS, including unstable angina and acute myocardial

infarction (AMI), involves severe myocardial ischemia,

reducing fatty acid uptake. Revascularization restores blood

flow, but delayed uptake causes perfusion‒metabolism

mismatches (10, 11). Mild ischemia can resolve within 2

weeks, but persistent reduction indicates infarction. These

mismatches typically resolve 6‒12 months post-revascularization

(12), except in infarcted regions. In previous studies,
123
I-

BMIPP showed 74% (7) sensitivity for detecting significant

coronary stenosis and 81% (8) sensitivity for diagnosing ACS.

An example of
99m
Tc-TF/

123
I-BMIPP dual SPECT images from
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Table 1 Perfusion‒metabolism mismatch pattern

123
I-BMIPP Rest perfusion Stress perfusion Perfusion‒metabolism mismatch

Normal Normal Normal Normal No

Ischemia Normal or reduced uptake Normal Hypoperfusion Yes

Stunning Reduced uptake Normal Normal or hypoperfusion Yes

Hibernation Reduced uptake Normal or hypoperfusion Hypoperfusion Yes

Infarction Severely reduced uptake Severe hypoperfusion Severe hypoperfusion Yes/no

Figure 1 ACS example.

An 80-year-old male with ST-elevation myocardial infarction underwent PCI on the left anterior descending

artery. Five days post-onset, dual-isotope SPECT with
99m

Tc-tetrofosmin and
123
I-BMIPP was performed to assess the

effect of revascularization. The SPECT images showed a perfusion defect of
99m

Tc and reduced uptake of BMIPP in

the anterior wall and septum. There was a significant perfusion‒metabolism mismatch showing a larger reduced

uptake of BMIPP than the perfusion defect of
99m

Tc.



a patient with AMI is shown in Figure 1. Another benefit of

reduced
123
I-BMIPP uptake is its ability to pinpoint the exact

lesions responsible for recent ischemia. This is especially

valuable for patients with ACS who have multivessel disease

or a history of coronary artery bypass grafting. By localizing

the culprit lesions,
123
I-BMIPP aids in clinical decision-

making, allowing for more targeted treatment strategies in

complex cases.

Diagnosis of MINOCA

One of the greatest challenges in ACS diagnosis is

identifying myocardial infarction with non-obstructive corona-

ry arteries (MINOCA) (13). MINOCA can result from various

mechanisms, including plaque rupture, thrombosis, micro-

vascular dysfunction, coronary spasm, or spontaneous

coronary artery dissection.

The sensitivity of
123
I-BMIPP for detecting vasospastic

angina (VSA) is 72.5% (14), but a negative result does not

exclude VSA as it cannot differentiate from obstructive

angina. In exercise-induced VSA, the sensitivity drops to

56.6% due to episodic spasms rather than stenosis (14). The

reduction in
123
I-BMIPP uptake in VSA is thought to result

from recurrent ischemic episodes, including silent ischemia,

reflecting the severity of the spasms. While large-scale

MINOCA data on
123
I-BMIPP abnormalities are lacking,

123
I-

BMIPP is useful for detecting recent ischemic events in

MINOCA non-invasively.

Prediction of functional recovery

Previous studies have demonstrated that the extent of

perfusion‒metabolism mismatch between
123
I-BMIPP and

201
Tl

or
99m
Tc in the acute stage correlates with improvements in left

ventricular wall motion as observed through echocardiography

or SPECT (11, 15, 16). Nishimura et al. reported a stronger

correlation between the extent of the
123
I-BMIPP defect and

ejection fraction at discharge and follow-up, compared to
201
Tl

(17). Additionally, Nakata et al. found that the ratio of
201
Tl

to
123
I-BMIPP severity in the acute stage was associated with

improved regional wall motion (10).

In cases of AMI without percutaneous coronary intervention

(PCI), matching defects in
123
I-BMIPP and perfusion tracers

suggest extensive necrosis. However, after PCI, early imaging

often reveals a larger
123
I-BMIPP defect, indicating a perfusion‒

metabolism mismatch that may decrease over time. This

mismatch provides valuable insights into potential cardiac

function recovery, although large-scale confirmation of these

findings is still necessary. The presence of a significant

mismatch suggests that a larger amount of myocardium has

been salvaged within the risk area, correlating with a greater

likelihood of subsequent cardiac function recovery. This

makes perfusion‒metabolism mismatch an important tool for

evaluating therapeutic effects and predicting improvements in

cardiac function.

The mismatch region is believed to identify stunned

myocardium̶tissue that has avoided necrosis due to early

ischemia relief via reperfusion therapy but has suffered

transient ischemic effects that impair fatty acid metabolism.

Although this region may exhibit reduced wall motion in the

acute phase, it is expected to normalize during the recovery

phase. Figure 2 illustrates the concept of interpreting

perfusion‒metabolism mismatches in ACS for predicting

functional recovery.

The utility of
123

I-BMIPP in chronic CAD and viability

In stable CAD, delayed recovery of fatty acid metabolism

can help detect recent ischemic episodes, making
123
I-BMIPP a

useful indicator of ischemic memory (18, 19). A previous

study assessed patients with suspected CAD angina by

comparing
123
I-BMIPP SPECT with stress

201
Tl after excluding

those with prior myocardial infarction and unstable conditions.

The patients were categorized into four groups: [1] negative

BMIPP and negative Tl, [2] negative BMIPP and positive Tl,

[3] positive BMIPP and negative Tl, and [4] positive BMIPP

and positive Tl (20). In this study, concordant results indicated

either no ischemic heart disease or CAD with ischemic

memory. Negative BMIPP and positive Tl suggested

significant CAD with stress-induced ischemia but no ischemic

memory. Positive BMIPP and negative Tl was a unique

combination, indicating ischemic memory despite normal

stress perfusion imaging, which may imply false-negative

stress perfusion imaging, multivessel disease, or insufficient

stress. Even if stress-induced blood flow imaging is negative,

reduced
123
I-BMIPP uptake suggests a high likelihood of CAD.

However, the diagnostic accuracy of BMIPP is higher in acute,

severe cases and lower in chronic, mild cases. Additionally, if

multiple
123
I-BMIPP uptake abnormalities are observed, multi-

vessel disease is possible (18, 20).

In chronic infarction, reduced
123
I-BMIPP uptake and

myocardial perfusion defects may be similar in size, indicating

complete necrosis. However,
123
I-BMIPP uptake often appears

larger than perfusion images. When this discrepancy occurs in

the chronic phase, hibernating myocardium is characterized by

reduced contraction in chronically hypoperfused myocardial

regions that have escaped necrosis (21). Hibernation is

considered a self-protective response of the myocardium to

reduced blood flow, and successful reperfusion can lead to

improved cardiac function.

In stable CAD patients with a perfusion-metabolism

mismatch, severe ischemic episodes or hibernation are

suspected, suggesting myocardial viability (22). However, in

patients with decreased blood flow uptake and no mismatch

with metabolism, necrosis is likely, though the possibility of

Ann Nucl Cardiol 2024；10（1）：44‒48― 46 ― Otaki

Introduction of the Utility of
123
I-BMIPP in CAD Diagnosis



viable myocardium without an ischemic episode causing

mismatch cannot be ruled out. Although more evidence is

needed to confirm the ability of this mismatch to predict

viability,
123
I-BMIPP offers a valuable alternative for viability

assessment in patients who cannot undergo stress myocardial

perfusion imaging,
18
F-FDG PET or late gadolinium enhance-

ment MRI. Ideally, viability assessment with other modalities

is necessary, but when other modalities are difficult to use,

evaluating fatty acid metabolism can help guide treatment

strategies.

Conclusions

Although
123
I-BMIPP is not widely used outside of Japan, it

is an extremely valuable tracer for the diagnosis of CAD and is

widely utilized within Japan. This review has highlighted the

unique characteristics of
123
I-BMIPP in assessing CAD

patients with various ischemic conditions. It is hoped that this

information will be helpful to physicians both in Japan and

internationally.
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Figure 2 A proposed framework for interpreting perfusion‒metabolism mismatch in ACS patients

to predict functional recovery.
123
I-BMIPP exhibits “memory imaging” characteristics, allowing identification of stunned

myocardium salvaged from a recent ischemic event. After PCI for ACS, dual-isotope SPECT results

can be classified into four groups:

Group A: Both perfusion and BMIPP imaging show significant reductions without a

perfusion‒metabolism mismatch, potentially suggesting insufficient salvageable myocardium

despite PCI. In such cases, an early introduction of remodeling prevention therapy is crucial to

mitigate adverse cardiac remodeling and improve long-term outcomes.

Group B: Mild perfusion‒metabolism mismatch, with BMIPP showing a slightly wider

reduction. The mismatch area may indicate salvaged myocardium with preserved viability,

suggesting potential functional recovery.

Group C: Significant perfusion‒metabolism mismatch, with BMIPP showing a larger reduction.

The salvaged myocardium is viable, with good prospects for functional improvement during

recovery.

Group D: No perfusion abnormality and normal BMIPP, indicating a favorable prognosis.
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