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The acute inflammatory response to myocardial
infarction: imaging with indium- 1 1 1 labelled
autologous neutrophils
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SUMMARY The uptake of indium-I 11 labelled neutrophils was examined in 30 patients with
acute myocardial infarction by planar imaging and single photon emission computed tomo-
graphy. The time from venepuncture to reinjection of the autologous labelled neutrophils was
<2-5 hours and imaging was carried out 24 hours later. Twenty three patients had a positive
uptake of neutrophils in the myocardium and imaging was improved by single photon emission
computed tomography. There was a significant difference between the intervals from the onset of
chest pain to injection of labelled neutrophils between patients with positive and negative images;
early reinjection was more likely to produce a positive image. Indeed, all nine patients reinjected
within 18 hours of the onset of symptoms had positive images.
The results suggest that the stimulus for activation and migration of neutrophils is transient;

this is an important factor if neutrophil release products play a role in cell damage after coronary
occlusion.

After myocardial infarction, myocardial cell death
and damage produce an acute inflammatory
response characterised by the migration of neutro-
phils into the area of infarcted muscle. Histological
examination shows neutrophil infiltration into the
infarcted area within 24 hours and the response is
maximal at 4-5 days.1 2 As part of the inflammatory
response, neutrophils release oxygen derived free
radicals and proteolytic enzymes that in certain cir-
cumstances may increase tissue injury. To date, the
neutrophil has been implicated in damage to pul-
monary capillaries in adult respiratory distress syn-
drome and may also contribute to the pathogenesis
of emphysema. No definite role has been established
for the neutrophil extending myocardial damage in
man, but in animal models of myocardial infarction,
infarct size can be limited by neutrophil
inhibition.3 4
Although experimental studies have shown

uptake of indium- 1 1 1 (l " l In) labelled neutrophils in
infarcted myocardium56 studies in man have pro-
duced conflicting results. McDougall etal did not
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detect uptake of labelled cells in three patients with
acute infarction.7 The time of injection of labelled
cells may be of importance, however, because
Davies and colleagues obtained positive images
when the time to reinjection was short.8 They also
found that positive images were more likely in
younger patients.
We have used "'In labelled autologous

neutrophils in 24 patients with acute myocardial
infarction. Our results confirm the importance of
early injection of the neutrophils in obtaining a posi-
tive image. We also found that reconstructional
imaging from single emission photon computed
tomography can be used to resolve difficulties in the
interpretation of planar imaging.

Patients and methods

PATIENTS
We studied 30 patients with a diagnosis of acute
myocardial infarction based on a history of pro-
longed ischaemic chest pain (> 30 minutes), electro-
cardiographic changes associated with myocardial
infarction, and a rise in serum creatine kinase to at
least twice the upper limit of normal. All gave
informed consent, and the study had the approval of
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our institute's ethical committee. Table 1 shows
patient details and a full record of the drugs admin-
istered within the first 24 hours of myocardial
infarction.

PREPARATION OF il'IN LABELLED
NEUTROPHILS
Autologous neutrophils were separated from whole
venous blood and labelled with "'In-oxine.9 We
used an aseptic technique to withdraw whole blood
(60ml) into a syringe containing 300 units of pre-
servative free heparin. Duplicate samples (25 ml) of
blood were layered over 12 ml of mono-poly
resolving medium (Flow laboratories) in a sterile
tube and centrifuged at 400g for 60 minutes. This
produced a top plasma layer, two distinct cell bands,
and a red cell pellet. We collected 8 ml from the top
plasma layer and centrifuged it at lOOOg for 10
minutes to obtain platelet poor plasma. The remain-
ing plasma and upper cell band were discarded and
the neutrophils were recovered from the lower cell
band. The neutrophils were washed by diluting the
recovered cell suspension to 40 ml with phosphate
buffered saline pH 7-4, centrifuging at 400g for 10
minutes, and discarding the supematant. The cell
pellet was resuspended in 10 ml phosphate buffered
saline and 1 ml of "l In-oxine solution (20-40 MBq)
was added drop by drop to the suspension of neu-
trophils. After incubation at room temperature for
15 minutes, 3 ml platelet poor plasma was added and
the cell suspension was centrifuged at 250g for 10
minutes. The supernatant was discarded, the neu-

trophil cell pellet was resuspended to a total volume
of 5 ml with equal parts of phosphate buffered saline
and platelet poor plasma and the labelled cells were
then ready for reinjection.
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PATIENT IMAGING
All patients were injected at a fresh site with "'In
labelled autologous neutrophils within two and a
half hours of the initial venesection. Preliminary
studies had suggested that the optimal time for
imaging was 24 hours after the injection of labelled
neutrophils and we used this imaging time in all our
patients. Thus the earliest imaging time for any
patient was 36 hours after the onset of chest pain and
the latest was 57 hours. Each patient was imaged
while supine and planar images were acquired in the
anterior, left anterior oblique, and left lateral posi-
tion for 100 000 counts with a gamma camera

(GE400 AT). In 24 patients single photon emission
computed tomography was performed with the same
gamma camera linked to a DEC PDP1 1/23 + com-
puter that used locally written software. Ten
minutes before the single photon emission
computed tomography study, 40MBq of
technetium-99m (99"'Tc) human serum albumin
was administered to allow blood pool imaging. A
sequence of 64 simultaneous images of 99mTc and
"'In was then acquired as the head of the gamma
camera rotated through 1800, starting in the right
anterior oblique position. The total imaging time
was 32 minutes. At the end of this period
computerised reconstruction of the images was

performed.

IMAGE INTERPRETATION
An observer who was unaware of electro-
cardiographic findings or the maximum creatine
kinase rise graded planar and single photon emission
computed tomography images as positive (in which
indium activity was clearly seen in the region of the
heart) or negative (where there was no detectable

Table 1 Patient details and results of imaging with indium-l lllabelled autologous neutrophils

Positive image Negative image Statistical
(n = 23) (n = 7) significance

Age (years) 62-0 (10-8) 59-8 (9-4) NS (1)
Sex (6F; 17M) (2F; 5M) NS (2)
Location of acute myocardial

infarct 10 inf: 13 ant 3 inf: 4 ant NS (2)
Interval from onset of chest pain to

injection of ... In neutrophils (h) 20 3 (6-4) 27-6 (5-8) p < Q-02 (3)
Peak creatine kinase (u/I) 2023-5 (916-0) 1825 (1214-0) NS (1)
Total leucocyte count (109/l) 12-9 (3-2) 12-5 (3-4) NS (1)
Number of neutrophils injected (x 108) 2-7 (0-9) 2-6 (0-7) NS (1)
Activity of .'.In administered (MBq) 32 8 (8-4) 29-4 (8 2) NS (1)
Drugs administered:

Non-steroidal anti-inflammatory drugs 5 1
Lignocaine 2 3
Calcium antagonists 1 2
Nitrates 7 1

All values are shown as mean (SD).
(1) Unpaired t test.
(2) Exact probability test.
(3) Unpaired Wilcoxon rank sum test.
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Imaging the acute inflammatory response to myocardial infarction

activity or where there was an area of activity on
planar imaging that was inseparable from the liver,
spleen, or ribs). Dual isotope single photon emission
computed tomography images were considered to be
positive when indium activity was seen in all three
reconstruction views and corresponded with the
99mTc blood pool image.

STATISTICAL ANALYSIS
Data from the groups were compared by means of an
unpaired t test, exact probability test, or unpaired
Wilcoxon rank sum test as appropriate. Values of
p > 0 05 were regarded as not significant.

Results

In 23 of the 30 patients with acute myocardial
infarction there was uptake of "'In labelled
neutrophils within the myocardium. Three patterns
of cardiac uptake were seen5: focal myocardial
uptake (12 patients), diffuse myocardial uptake (3
patients), and "doughnut pattern" (3 patients).
Figure 1 shows an example of myocardial uptake.
Planar images from all patients were graded as
unequivocally positive or negative. In six patients in
whom the planar images were considered to be nega-
tive, single photon emission computed tomography
reconstruction showed localised uptake within the
myocardium (fig 2). In addition, dual isotope single
photon emission computed tomography recon-
struction improved anatomical localisation of the
infarct by confirming uptake corresponding to the
cardiac blood pool (fig 3). There is a significant
difference between the intervals from onset of chest
pain to injection of labelled neutrophils in the
groups with positive and negative images (p < 0 02)
(table 1). Furthermore, all patients reinjected within
18 hours had positive images whereas positive
images were increasingly less common in those
injected at progressively later intervals. Other
features such as age, sex, peak creatine kinase,
peripheral white blood cell count, dose of I l'In
administered, and drug treatment did not influence
the imaging results (table 1).

Discussion

This study confirms that "' In labelled autologous
neutrophils can be used to image the inflammatory
response to acute myocardial infarction in man. The
increased frequency of positive images in this study
(77% compared with the 58% as previously
described8) is in part related to earlier reinjection of
"'In labelled neutrophils after the onset of chest
pain. This suggests that the stimulus for activation
and migration of neutrophils to the area of myo-

cardial damage is transient. This temporal relation
may be of particular relevance because of the current
interest in reducing the extent of myocardial damage
after myocardial ischaemia or infarction by the use
of intravenous thrombolytic treatment10 " or the
potential for the administration of lipoxygenase or
cycloxygenase inhibitors.3
Thrombolytic treatment can produce coronary

reperfusion and hence it could improve myocardial
salvage, but it may result in other events which in
themselves are potentially harmful.12 In particular,
if the inflammatory response is exaggerated as a

Diffuse,

Lrer

Fig 1 Planar image in the left anterior oblique view
showing normal uptake of "' In labelled neutrophils in the
liver and spleen and diffuse uptake in the region of the heart
with an area offocal uptake in the inferior wall of the left
ventricle. The line drawing shows the areas of uptake.
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Fig 3 Simultaneous single photon emission computed
tomographic images in the transverse plane. The 99mTc image
shows blood pool in the left and right ventricle. The
corresponding ... In image shows extensive uptake within the
myocardium of both ventricles.

Fisg 2 Anteror planar image with normal uptake in liver
and spleen and no definite myocardial uptake (top). Single
photon emission computed tomographic image (bottom) in the
transverse plane showing uptake within liver and spleen and
an area offocal myocardial uptake (arrowed).

result of neutrophils entering ischaemic tissue in
greater numbers after reperfusion, the activated
neutrophils could generate a number of cytotoxic
products including oxygen derived free radicals and
proteolytic enzymes, which can extend myocardial
damage.13 Both neutrophil depletion and the use of

non-steroidal anti-inflammatory drugs have been
shown to reduce infarct size in experimental myo-
cardial infarction,34 and these findings may indicate
further potential methods of improving myocardial
salvage in the post-infarct period.

Single photon emission computed tomography
increased the number of positive images by allowing
spatial separation of positive myocardial uptake of
indium from adjacent bone, liver, and spleen. It is
not possible to ascertain from the planar images
whether the "'In activity detected in the region of
the heart is due to blood pool activity. Dual isotope
single photon emission computed tomography with
99mTc human serum albumin as a marker of blood
pool, however, unequivocally demonstrated that the
"'In activity was localised in the myocardium.
Single photon emission computed tomography, like
pyrophosphate scans,14 may also provide a method
of quantifying neutrophil uptake within the myo-
cardium.

Imaging with "'In labelled autologous neutro-
phils in patients with acute myocardial infarction
allows us to image the acute inflammatory response
to myocardial damage, but should not be regarded as

a technique for the diagnosis or localisation of acute
myocardial infarction because other techniques are

currently more successful. If inhibition of neutro-
phil migration limits the extent of myocardial

Table 2 Imaging results

Positive images

Number of Planar positive Planar negative
Time (h) patients SPECT positive SPECT positive Positive images %

18 9 7 2 100
18-24 12 7 3 83
24-36 9 3 1 44

SPECT, single photon emission computed tomography.
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Imaging the acute inflammatory response to myocardial infarction 27
infarction this method can be used to monitor the
temporal relation and extent of neutrophil uptake in
acute infarction.
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