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Significance of wavefront phenomenon in acute

myocardial infarction documented by MRI delayed image

Hiroaki YaMmamoToV, Tsunesuke Kouno!, Chieko ITamoTo!
Hideo Mrura' and Masatsune KoBavyasHTY
13 Nagane Cheeo Hospalad Deparimend of  Cardindogy

Abstract : MRI delayed image clearly shows wavefront phenaomenaon of acute myocardial infarc-

tion (AMI} In order to clarify the significance of wavefront phenomenon, we reviewed 70 AMI

caszes. Fach image was divided into 60 sepments, and infarct progression rate (IPR) was originally

calculated to define subendcardial infarction. We compared IPR with clinical data. Using IFPR,

subendocardial group was well separated from transmural group, onset-halloon (O2B) time was

4.5 hr, 14.7 hr respectively (p=0.0052). Male was more common in subendocardial group. Logistic

regression analysis revealed factors that restrain infarction to subendocardial layvers were (02B-

time, non—diabeles, and male gender, This may explain poor prognosis of female and diabetes

AMIL

Key words : wavefront phenomenon, acute myocardial infarction, onset to balloon time,

magnetic resunance imaging

Presentation : Outline of this paper was presented at 73th Annual Scientitic Meeting of

Japanese Circulation Society held on 20 Mar 2008 at Osaka.

I  Introduction

Acute myocardial infarction (AMI) iz now widely
treated with percutaneous coronary intervention,
and when early recanalization of occluded coronary
artery was obtained, size of infarct become smaller,
resulting to better prognosis. Pathological examina-
tinns of myocardial necrosis in recanalized case was
restricted to subendcardial laver even if hemaor-
rhage was ocourred in necrotic zone which are often
observed when reperfusion is obtained by urakinase
or streptokinase, Animal model of AMI with occlu-
sion/reperfusion procedure was established at late
1970’s, and these studies revealed that myocardial
necrosis began at subendocardial laver and spread
to epicardial laver like wavelront of sea tide, so
these pathological phenomenon was named “wave-

front phenomenon™ ~*, although such modalities as

(Recelved 2010 5. 20)

10

scintigraphy could not detect small size infarct.
However magnetic rescnace imaging (MRI) using
gadrinium which was applied late 19%0's, clearly
shows wavefront phenomenon which has never been
detected by other modalities (figure 1). In order to
clarify the significance of waveiront phenomenon,
we reviewed AMI cases that have full enzyme data

and MREI image.
[I Methods

MRI image were obtained at two weeks after
onset of AMI Short axis images were divided into
20 segments and each segment were further divided
to three layers as subendocardial, middle and
epicardial layer (figure 2). Infarcted lavers of each
segment in area-at-risk (AAR) were counted, and
percentage of infact segment in total 60 layers was
defined as infarct progression rate (IPR). We
compared IPR with history, PCI data, and enzyvme
data.

EehRmEES Vol 3



Significance of wavefront phenomenon in acute myocardial infarction documented by MRI delaved image

I Resualts

Number of cases were 70, Using [PR as 60 %, we
could best delinerate subendocardial MI {11—4?1
from transmural MI (n=23) (figure 3) hecause onset
-balloon (028) time was most significantly separat-
ed as 4.5 hr, 14.7 hr respectively (p=0.0032), Male
was more common in subendocardial group than
female, 57 % wvs. 23 % respeclively. Other factors
such as spontanecus reperfusion, prior collateral
and slow flow had not significant power. Logistic
regression analysis (table 1) revealed factors that
restrain infarction to sobendecardial layers were

O2B-time, non-diabetes, and male gender,
[V IDMseussion

Kim® had firstly reported the usefulness of MEI
delaved image defining 50 % of transmural extent
as AMI whose cardiac function could recover to
amenahle degree, However, the number of 50 % was
fairly arbilrary as far as to read the paper precizely.
We used semi-quantitative methods to define suben-
deardial infarction.

Although infarct progression rate was originally
proposed concept in this paper, we thought this
concept may have generality to explain the vari-
eties of prownosis observed in AMIL There iz species
difference of myocardial progression velocity®™*
such that dogs are § hours, pigs are 2 hours. How-
ever In human, this velocity is very different from
case to case, leading the different prognosis which
can not predictable in many cases even if early
recanalization was obtained.

We take the onset to balloon time as most impor-
tant indicator which was the same meaning as
occlusion-reperfusion Lime thal were generally used
in experimental setting however in clinical situa-
tions, most often used indicator was doar to halloon

time.
¥V Conclusions

O2B-time is important to restrain M1 to subend-
cardial layer. Females and diabetes are more sus-
ceptible Lo become transmural MI regardless of
O2B-time and thiz may explain poor prognosis of

2010

female and diabetes AML

Figure 1; Subendocardial infarction dLII]l‘.IllHLIﬂlOd Dy
magnetic resonace delaved enhancement image
using gadrinium

ipl.cr.l Milt-lcllfﬁcuht Verticol long-nxis

D

\pjml Wil \'cutrn.-ulur Bmal Vertieal long-axls . andocardial

: ::il::diai

Figure 2 : 60 segments which were used Lo define suben-
docardial infarction derived from 20 segments
analvsis often used in scincigraphy

IF'H[ infarct progression rate)

Jhrs,

24 28 3z
et-balloon time{Q2B)

Figure 3; relationship between onset-halloon time and

infarct progresion rale

Tablel ; logistic regression analysiz which shows [actors
that restrain infarction to  subendocardial

lavers
. o _ E-' A E_"Jc'u:} ratin
[JEH time {>6hr) (.061 LRIEES
o m?]t‘ gender 0.09% - N.318
Nom T)]?Et{"w o (LOGG [.358
I\ .I.},."'mLL]ii‘v" D:IVD 0.1 ld»- - I_J..?-E-F“_
SpOntaneous 0.716 1.323 -
reperusion ; -
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