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There is an unmet need to further reduce the size of acute

myocardial infarctions above and beyond the current standard

of care of early reperfusion therapy with primary percutaneous

coronary intervention (angioplasty/stenting) and anti-platelet

agents to keep the infarct related artery patent. Even a 5%
reduction in myocardial infarct size may be clinically mean-

ingful.1 It is known that the inflammatory process occurs early

after coronary artery occlusion/reperfusion with very early

influx of neutrophils.2 There has been concern that if the

inflammatory response is too severe it could contribute to addi-

tional myocardial cells dying and lead to infarct extension with

a larger infarct size. On the other hand, the early inflammatory

response is the first step in the healing phase of myocardial

infarction. Experimental studies from the 1980s suggested that

certain anti-inflammatory medicines, such as steroids and

non-steroidal anti-inflammatory agents, such as ibuprofen,

administered early during infarction would reduce the size of

myocardial infarction.3 There was considerable excitement

about this possibility and clinical studies were planned and some

were carried out. However, there was underlying concern that

inhibiting the inflammatory cascade early after occlusion might

then inhibit the healing phase of acute myocardial infarction.

In a series of studies from the early 1980s our research group

assessed the effects of methylprednisolone, ibuprofen, and

indomethacin on the healing phase of myocardial infarctions.

Methylprednisolone was shown to enhance “mummification”

of the myocardium whereby large sheets of necrotic, but archi-

tecturally preserved muscle fibers remained in the center of the

myocardial infarction during the healing phase.4 Steroids

clearly suppressed the process whereby necrotic debris is

removed from the infarct and delayed the shrinkage of the scar.

Short term administration of methylprednisolone resulted in

thinner scars and reduced left ventricular function.5 Non-

steroidal anti-inflammatory drugs including ibuprofen and

indomethacin when administered early and acutely after myo-

cardial infarction contributed to an increase in myocardial

infarct expansion, that phenomenon whereby necrotic myo-

cytes thin, stretch, slip by each other resulting in a thin and

elongated infarct, thinned scar, regional ventricular dilatation

and then global dilatation.6-9 This phenomenon of adverse left

ventricular remodeling is known to occur in patients, especially

those with large infarcts and can contribute to heart failure,

myocardial rupture and death. There were a few clinical studies

that examined the effect of steroids on myocardial infarct size

in which the results were negative; although one meta-analysis

suggested corticosteroids did no harm and perhaps improved

survival.10-12 Clinical trials that tried to impede the function of

neutrophils, including their ability to adhere to the walls of

blood vessels and trials of anticomplement strategies were neg-

ative.13 Thus, after pre-clinical studies showing concern about

inhibiting the healing phase of infarction coupled with negative

clinical trials, the enthusiasm for treating myocardial infarc-

tions with anti-inflammatory drugs faded . . . . . . until recently.

Work by investigators including Ridker and Libby and

others clearly showed that inflammation played a crucial aspect

of the pathogenesis of atherosclerosis and its sequelae.14

Studies in patients with chronic coronary artery disease showed

that colchicine15 and some very specific anti-inflammatory

agents such as interleukin-1 (IL-1) receptor antagonist canaki-

numab,16 were capable of reducing major adverse cardiovas-

cular events. Recent studies are now exploring a more focused

approach on inhibiting the interleukin 1 or 6 pathway for reduc-

ing inflammation in the setting of acute myocardial infarction

with some early promising results. Abbate et al17 reported on

the effects of an interleukin-1 blocker, anakinra, given once

daily or twice daily over 2 weeks in patients with acute ST

segment elevation myocardial infarction. Anakinra did not

reduce enzymatic estimates of myocardial infarction, but it did

decrease the high-sensitivity C Reactive Protein (high sensitiv-

ity-CRP) area under the curve, verifying an anti-inflammatory

action. Over the course of 1 year, anakinra reduced the compo-

site endpoint of all-cause death and new-onset of worsening

heart failure. The change in LV volumes and ejection fraction
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did not differ between anakinra and placebo over the course of

12 months, but anakinra did improve stroke volume and stroke

work, compared to placebo.

It is known that there is an increase in levels of IL-6 measured

in patients with myocardial infarction and that increased levels

are associated with poorer clinical outcome.18 Kleveland et al19

reported in 2016 a clinical trial in which the effect of a single

dose of the interleukin-6 receptor antagonist, tocilizumab, was

given to patients with non-ST-elevation myocardial infarction to

assess its effect on hs-CRP (a marker of inflammation) as well as

high sensitivity Troponin T (hs-TnT a marker of infarct size).

Tocilizumab is the same agent being used to treat cytokine storm

and severe pneumonias in cases of COVID-19. In the Kleveland

study, tocilizumab reduced the hs-CRP area under the curve over

days 1-3 post myocardial infarction compared to a placebo-

controlled group. It also reduced the median area under the curve

for the hs-TnT (159 ng/L/hr) versus the placebo group (234 ng/

L/hr; P ¼ 0.007). At 6 months follow-up, no safety issues were

observed in the treated group.

Broch et al20 recently published a randomized prospective

clinical trial of the interleukin-6 receptor inhibitor, tocilizu-

mab, given acutely to patients with acute ST-segment elevation

myocardial infarction. They carried out a randomized, double-

blind, placebo-controlled trial of 195 patients who were admit-

ted with acute ST-segment elevation myocardial infarction

within 6 hours of symptom onset. Magnetic resonance imaging

with gadolinium contrast injection was performed at day 3-7 to

assess ischemic risk zone and infarct size in order to determine

the salvage index; microvascular obstruction was also deter-

mined. Final infarct mass was also assessed at 6 months by

magnetic resonance imaging, as was left ventricular end-

diastolic volumes. Tocilizumab resulted in a larger myocardial

salvage index (69% vs 64% in the placebo group), with an

adjusted between group difference of 5.6% [95% confidence

interval of 0.2-11.3; P ¼ 0.04). Microvascular obstruction was

reduced in the tocilizumab group as was the area under the

curve for CRP during hospitalization. However, at 6 months

there was only a non-significant trend toward less infarct mass

in the treated group versus placebo group (7.2% vs 9.1%;

P ¼ 0.08). Very importantly, there was no between-group dif-

ferences in baseline adjusted left ventricular (LV) volumes at

6 months. The mean LV end-diastolic volumes were 157 in the

tocilizumab group and 160 in the placebo group. There were no

myocardial ruptures, cardiac deaths or development of heart

failure at 6-month follow up. This suggests that this anti-

inflammatory agent indeed reduced early inflammation, sal-

vaged myocardium but did not adversely affect LV remodeling

or induce LV rupture. In addition, there were only a few infec-

tions in each of the 2 groups. Table 1 summarizes some of the

recent clinical studies that show a benefit of anti-inflammatory

agents (especially targeted anti-inflammatory drugs on acute

myocardial infarction). Note that while one study by Tardif

et al22 showed a beneficial effect of colchicine when given

within 30 days of acute myocardial infarction, not all studies

with this agent have been positive. Tong et al23 did not observe

a significant benefit on cardiovascular events in patients treated

with colchicine for 11 months following an acute coronary

syndrome; and in-fact observed an increase in total death rate

with colchicine, mainly from non-cardiac causes.

Whereas the exact mechanism or mechanisms by which

certain anti-inflammatory agents have benefit in some studies

remains to be determined, some of the possible mechanisms are

listed in Table 2.

In conclusion, while earlier studies raised concerns regard-

ing the use of anti-inflammatory agents in the setting of acute

myocardial infarction for fear of inhibiting the healing phase

and contributing to myocardial infarct expansion and even

rupture, and in most cases failed to show benefit in clinical

trials, newer studies that administer a short term dose of anti-

inflammatory agents targeting the interleukin pathways show

promise in improving myocardial salvage without adversely

affecting the healing phase of infarction or worsening adverse

LV remodeling. Why was there a difference in older studies

with anti-inflammatory agents versus newer, more positive

clinical studies? Many of the earlier studies in acute myocardial

infarction were done in the pre-primary percutaneous coronary

intervention for reperfusion era and before powerful antiplate-

let agents were used for routine therapy to keep the infarct-

related vessel patent. Thus, it is likely that currently reperfused

infarcts are smaller in size with less overall inflammation. They

are less likely to be transmural with less LV remodeling and

rupture, which may have given the newer agents an advantage.

Table 1. Recent Clinical Studies Showing a Benefit of Anti-Inflammatory Agents for Acute Myocardial Infarction.

Author Reference Drug studied Primary outcome

Abbate et al 21 Anakinra (recombinant IL-1
receptor antagonist)

No difference in the primary endpoint (death, recurrent AMI, unstable angina,
stroke); but reduced death or heart failure (HR ¼ 0.16)

Abbate et al 17 Anakinra Reduced high sensitivity C-reactive protein area under the curve; reduced death or
new onset heart failure

Broch et al 20 Tocilizumab Myocardial salvage index greater in tocilizumab group vs. placebo group. Less
microvascular obstruction (no-reflow) with tocilizumab

Kleveland et al 19 Tocilizumab In non-ST elevation MI study, tocilizumab reduced C-reactive protein and high
sensitivity Troponin T

Tardif et al 22 Colchicine Composite of death from cardiovascular cause, resuscitated cardiac arrest, MI,
stroke, urgent hospitalization for angina leading to revascularization, occurred in
5.5% of colchicine patients versus 7.1% of placebo patients; P ¼ 0.02

2 Journal of Cardiovascular Pharmacology and Therapeutics XX(X)



In addition, the newer therapies are more focused on the inter-

leukin pathways, which may result in less early inflammation

without affecting the later healing phase of infarction. The use

of more targeted and receptor-specific agents may help explain

the differences in outcomes in more recent positive clinical

studies versus older negative trials. Larger clinical trials are

now needed to determine the long-term effects of inhibiting

the interleukin 1 and 6 pathways on clinical outcomes follow-

ing acute myocardial infarction. It is crucial that when an anti-

inflammatory agent is discovered that reduces infarct size in

the early phase that the effect of the drug on the late or healing

phase of the infarct scar is also investigated, to be certain that

the drug does not promote infarct expansion and adverse LV

remodeling, or cause LV rupture.
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Table 2. Potential Mechanisms for the Positive Effects of Anti-
Inflammatory Agents on Myocardial Infarction.

1. Reduction of ischemia/reperfusion injury improving myocardial
salvage

2. Less microvascular obstruction (no-reflow) which may improve
healing and/or reduce adverse LV remodeling

3. Reduction of inflammation stabilizes atherosclerotic plaque thus
reducing myocardial infarct extension

4. Reduction in neutrophils may contribute to less microvascular
obstruction and less plaque instability

5. Suppression of interlukin-1’s negative effect on contractility of
surviving myocardium

Kloner 3

https://orcid.org/0000-0002-6258-0544
https://orcid.org/0000-0002-6258-0544
https://orcid.org/0000-0002-6258-0544


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


