Am J Cardiovasc Dis 2021;11(2):184-193
www.AJCD.us /ISSN:2160-200X/AJCD0132294

Review Article
Coronary microvascular dysfunction in Takotsubo
syndrome: cause or consequence

Shams Y-Hassan

Coronary Artery Disease Area, Heart and Vascular Theme, Karolinska Institutet and Karolinska University Hospi-
tal, Stockholm, Sweden

Received February 22, 2021; Accepted April 2, 2021; Epub April 15, 2021; Published April 30, 2021

Abstract: Takotsubo syndrome (TS) is an acute cardiac disease entity, characterized by a transient myocardial stun-
ning in a distinctive predominantly regional circumferential pattern. One of the discussed pathological mechanisms
of TS is coronary ischemia including coronary microvascular dysfunction (CMVD). Many studies have revealed in-
vasive or non-invasive signs of CMVD in patients with TS, and therefore some investigators believe that CMVD is
the primary cause of TS. Nevertheless, other studies have not shown any sign of CMVD. In addition, those studies,
which have shown signs of CMVD, do not reveal such signs in all the three coronary vessel distribution; some of
the patients show signs of CMVD in two or only one coronary artery territory. Moreover, signs of CMVD in TS are
more prevalent and more pronounced in the left anterior descending artery (LAD) distribution. The CMVD in TS is
reversible in a pattern parallel to the improvement of myocardial wall motion abnormality. In this review, substantial
evidences challenging CMVD as the primary cause of TS and supporting the concept that CMVD is a secondary or
epiphenomenon in TS are provided. Furthermore, convincing explanation is given for the causes of the more preva-
lent and the more pronounced signs of CMVD observed in the LAD distribution.

Keywords: Takotsubo syndrome, microvascular dysfunction, myocardial stunning, cardiac cramp, neurocardioge-

nic syndrome

Introduction

Takotsubo syndrome (TS), also called broken
heart syndrome or neurogenic stunned myocar-
dium, is a recognized acute cardiac disease
entity characterized by a transient left ventricu-
lar (may also be right) myocardial stunning [1,
2]. The term “Tsubo” or “Takotsubo” was intro-
duced in the early 1990s by Sato and Dote to
describe the shape of the left ventricle during
systole in patients presenting with a clinical pic-
ture resembling that of an acute coronary syn-
drome with no obstructive coronary artery dis-
ease [3, 4]. The defining feature of TS is the
regional left ventricular wall motion abnormality
(LVWMA) with an exceptional circumferential
pattern resulting in a conspicuous ballooning of
the left ventricle during systole [1, 2, 4]. The
LVWMA is incongruent with the coronary artery
supply territories and is reversible with almost
complete resolution of ventricular dysfunction
in hours to weeks [1]. The left ventricular bal-

looning pattern may be apical, mid-apical, mid-
ventricular, mid-basal, basal, or focal [1, 2]. A
global left ventricular contractile abnormality
has also been reported [5]. The right ventricle
is involved in about 30% of TS cases [6]. A trig-
ger factor (an emotional or a physical) may pre-
cede the onset of TS in about 70% of TS cases
[2, 7]. Several pathophysiological mechanisms
forthe development of TS have been discussed.
The main proposed mechanisms are myocardi-
al ischemia, blood-borne catecholamine myo-
cardial toxicity, left ventricular outlet tract
obstruction, epinephrine-induced switch in sig-
nal-trafficking, and autonomic nervous system
dysfunction with sympathetic nervous system
hyper-activation including local cardiac sympa-
thetic disruption and norepinephrine seethe
and spillover [2, 8-11]. Among the discussed
causes of myocardial ischemia as a pathophys-
iological mechanism for the development of TS
are: multi-vessel coronary artery spasm, abort-
ed myocardial infarction caused by a transient
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thrombosis in a long wrap-around left anterior
descending artery (LAD), and coronary micro-
vascular dysfunction (CMVD) [2, 10, 12]. Many
studies, but not all, have shown invasive or
non-invasive signs of CMVD in patients with TS
leading to the belief that CMVD may be the pri-
mary cause of TS by some researchers [13-17].
However, adequate evidences challenging the
hypothesis that CMVD is the primary cause of
TS and supporting the notion that CMVD is a
secondary or an epiphenomenon in TS are pro-
vided in this review. Furthermore, a reasonable
explanation for the cause of the more prevalent
and the more pronounced CMVD in the LAD are
also provided.

Evidences for CMVD in TS

Invasive coronary angiography (CAG) reveals
normal coronary arteries in most of the patients
with TS [2, 10]. However, the inability of CAG
to visualize the coronary microcirculation (pre-
arterioles and arterioles of less than 500 um) is
a significant limitation of CAG. Different inva-
sive and non-invasive techniques have been
used as substitution measures to study the
coronary microcirculation. From CAG, Throm-
bolysis in Myocardial Infarction (TIMI) frame-
count (TFC) is used to measure coronary flow
velocity. Other invasive techniques as correct-
ed TIMI frame count (CTFC), TIMI myocardial
perfusion grade (TMPG), coronary flow reser-
ve (CFR), index of microcirculatory resistance
(IMR), and hyperemic microvascular resistance
(HMR) have also been used to study the coro-
nary microcirculation [13, 18, 19]. Non-invasive
methods as Doppler transthoracic echocar-
diography (TTE) and myocardial contrast echo-
cardiography (MCE) can provide analysis of bo-
th LVYWWMA and coronary flow [19]. Noninvasive
evaluation of myocardial blood flow can also be
done by positron emission tomography (PET),
cardiac magnetic resonance (CMR) imaging
and dynamic myocardial perfusion computer
tomography [13, 19].

By using doppler guide wire, Sadamutsu et al
[20] could document a diminished CFR in 2
patients with a clinical picture consistent with
TS. Other investigators demonstrated elevated
TFC and abnormal TIMI myocardial perfusion
grades in patients with TS [16, 21]. Kurisu et al
[22] also measured TFC (defined as the num-
ber of frames required for the contrast material
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to travel from the coronary ostium to the distal
end of the coronary artery) in 28 patients with
apical ballooning pattern of TS compared to 20
control subjects. The TFC was abnormally high
in all 3 epicardial vessels during early index
CAG compared to normal TFC in the control
subjects. Bybee et al [21] reported on TFC in 16
patients with apical ballooning pattern of TS. All
patients had significantly increased (more than
30 cine-frames) TFC in one or more epicardial
coronary vessel. By assessing TFC, Fazio et al
[23] reported slow coronary flow in 23 of 24
patients with TS during the acute stage. De
Caterina et al [17] studied TIMI flow, TFC, and
both quantitative and qualitative myocardial
blush grade in 25 patients with TS compared
to 25 normal control groups, 25 patients with
STEMI undergoing primary PCl, and 25 patients
with microvascular obstruction. The TIMI flow in
LAD was significantly lower and the TFC was
significantly higher in TS compared to control
group and STEMI patients, while it did not differ
compared to patients with microvascular ob-
struction. The myocardial blush grade was sig-
nificantly lower than that in control and STEMI
patients and higher than in patients with micro-
vascular obstruction. Novo et al [24] analyzed
TFC in LAD, left circumflex artery (LCx) and ri-
ght coronary artery (RCA) in 71 patients with TS
compared with 70 controls and 71 patients
with microvascular angina. TFC was significant-
ly higher in all the coronary arteries in TS com-
pared to control groups (25.70+5.34 frames
vs. 16.70+3.76). The CMVD was diffuse in TS
as well as in microvascular angina. The au-
thors concluded that there were diffuse but
mild signs of CMVD detected by TFC in TS.

IMR has been measured in the LAD in case
descriptions in patients with TS, and was re-
markably high indicating microvascular dys-
function [25-27]. Warisawa et al [25] reported
on a 77-years-old woman with typical mid-ven-
tricular TS with normal CAG and TIMI flow 3.
She was further investigated to determine co-
existence of microvascular dysfunction. Frac-
tional flow reserve (FFR) was normal 0.94, CFR
was decreased 1.8, and IMR was increased
66.0 in LAD. These results indicate that the
microvascular function was highly impaired.
Morrow et al [28] reported on a 82-years old
woman with sepsis induced mid-apical TS. She
had slow flow in the LAD during CAG. This
prompted performance of invasive coronary
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physiology, which showed an FFR 0.91, low CFR
1.6 and marked increase in the IMR 117. The
combination of these results is indicative of
CMVD in the absence of significant epicardial
coronary stenosis.

Non-invasive techniques have shown lower
myocardial blood flow in dysfunctional left ven-
tricular segments in patients with TS compared
with left ventricular segments showing normal
wall motion in the acute phase [13, 29]. TTE-
CFR has also been used to study coronary flow
in the acute phase of the disease with similar
results [13]. Based on these results, some
investigators suggested that CMVD may con-
tribute to the pathogenesis of TS [30, 31]. Ku-
me et al [32] studied the coronary flow velocity
and coronary flow velocity reserve (CFVR) re-
corded by doppler guidewire in 8 patients with
TS. They found decreased CFVR and short
deceleration time of diastolic velocity in the
acute phase of the disease. These findings im-
proved 3 weeks later. The authors concluded
that the CMVD may be a causative mechanism
of TS. Abdelmoneim et al [29] performed real
time myocardial contrast echocardiography in
9 patients with TS within 24 hrs. of angiogra-
phic diagnosis of TS. They found significantly
lower myocardial blood flow velocity and lower
myocardial blood flow in myocardial segments
with ventricular wall motion abnormality com-
pared with those with normal ventricular wall
motion. The authors concluded that these find-
ings are indicative for microvascular dysfunc-
tion in TS. In addition to high IMR, Warisawa et
al [25] reported in the same case that there
was slightly decreased myocardial perfusion
during thallium-201 (201T1) myocardial single-
photon emission computed tomography (SP-
ECT) and highly decreased uptake of iodine-
123-B-methyl-p-iodophenyl penta-decanoic ac-
id (123I-BMIPP) in the midventricular seg-
ments. These findings suggested a localized
transient ischemia. Anderson et al [33] report-
ed on 16 patients with TS who underwent
radionuclide perfusion studies, positron emis-
sion tomography in 8, SPECT with radionuclide
tracer Tc99m SestaMIBI in 6 and SPECT with
thaliun-201 in 2. The radionuclide perfusion
studies were abnormal in 11 (69%) of patients
in regions matching the LVYWMA. The author’s
conclusion was that the study supports the
evidence that CMVD is a major causal element
in the pathogenesis of TS. Consequently, sub-
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stantial numbers of patients with TS have inva-
sive or non-invasive signs of CMVD leading to
the belief of some investigators that CMVD may
be the primary cause of TS.

The distribution of CMVD in the coronary
artery territories in TS

Many studies have shown signs of CMVD in
patients with TS as discussed above [17, 20-22,
24, 25]. Nevertheless, there are studies, which
have shown signs of normal microvascular fun-
ction in patients with TS [14, 15]. Abe et al [14]
reported on 17 patients with TS. They found no
significant signs of slow flow in epicardial coro-
nary arteries. There was also no significant
abnormality in the coronary microcirculation in
patients investigated with doppler guidewire or
contrast echocardiography. Sganzerla et al [15]
evaluated the coronary microvascular function
in 5 patients with TS by means of transthoracic
doppler ultrasound imaging of the LAD. The
CFR value was in the normal range and was
not significantly different from age and sex
matched control subjects. Furthermore, pati-
ents who had shown signs of CMVD, not all of
them had shown CMVD in all the three coronary
artery distribution, some of them had CMVD in
2 or one coronary artery distribution. Bybee et
al [21] reported on TFC in 16 patients with api-
cal ballooning pattern of TS. All patients had
significantly increased (more than 30 cine-
frames) TFC in one or more epicardial coronary
vessel. Ten (62.5%) patients had significantly
increased TFC in the distribution of the three
major epicardial coronary arteries, which im-
plies that more one third of patients had
increased TFC in only one or 2 coronary artery
territories. In evaluation of 42 consecutive pa-
tients with TS and technically adequate CAG,
Elesber et al [16] assessed the TIMI myocardial
perfusion grade (TMPG), an index of myocardial
perfusion. They observed abnormal myocardial
perfusion in 29 (69%) patients. Thirteen (31%)
patients had normal TMPG. Abnormal perfu-
sion was found in all 3 coronary artery territo-
ries in 18, in 2 coronary artery territories in 7,
and in 1 coronary artery territories in 4. Ab-
normal perfusion was limited to the apical and
mid-apical regions. Sharkey et al [34] studied
TFC in 59 patients with TS and found markedly
prolonged frame counts (30 or more) in one epi-
cardial coronary artery in 19 patients (34%), 2
arteries in 12 patients (21%) and in all 3 epicar-
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Figure 1. A case of mid-apical ballooning pattern of TS showing the left ventricle during diastole (A) and during
systole (B). A series of the left coronary angiography (LCA) from 1 to 6 showing clearly slower flow in the left anterior
descending artery (LAD, white Asterix) compared to flow in the left circumflex artery (LCx, yellow Asterix). Note that
the contrast has reached the end left circumflex-obtuso-marginal branch at the image number 3 (yellow Asterix 1
to 3) while the contrast has reached the middle of LAD at the image 3 (white Asterix 1 to 3) and reached the end of
LAD at the image 6 (white Asterix 4 to 6).

dial coronary arteries (5%). TIMI frame counts
in the 59 patients with TS were only modestly
prolonged compared with those in control sub-
jects. Despite signs of slow coronary flow in 23
of 24 patients with TS during the acute stage in
a study by Fazio et al [23], only 9 patients had
slow flow in all three epicardial coronary ar-
teries. Several other studies discussed below
have not shown signs of microvascular dysfunc-
tion in all 3 coronary artery territories.

CMVD in TS is more prevalent and more pro-
nounced in LAD supply territories

Microvascular dysfunction has been reported
in a substantial number of patients with TS; it
has been demonstrated in one, two, or the
three coronary vessel distribution as detailed
above. However, it has been reported that signs
of CMVD are more prevalent and more pro-
nounced in LAD distribution [35-37] as demon-
strated in Figure 1 where CSF is clearly seen in
LAD compared with LCx in a patient with mid-
apical ballooning pattern of TS. Khalid et al [35]
studied 16 patients with TS and found that cor-
rected TFC in LAD was significantly higher than
control patients; no difference in the corrected
TFC was observed between the 2 groups in LCx
or RCA. Loffi et al [36] studied coronary flow
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(TIMI flow and TFC) in the three coronary arter-
ies of 27 patients with TS compared to 27
patients with microvascular angina and 27 con-
trol subjects. TFC revealed flow impairment in
the 3 arteries in patients with TS compared to
control subjects, the impairment was highest in
LAD. Myocardial perfusion was also studied
with blush score and Quantitative Blush evalua-
tor (QUBE). The QuUBE showed myocardial per-
fusion impairment in the LAD territory. Conse-
quently, the microvascular impairment was hi-
ghest in LAD supply region and the myocardial
perfusion defect was detected in the LAD area.
In a case with typical mid-apical pattern of TS,
Bayon et al [37] measured HMR (defined as the
ratio between the pressure in the distal part of
the coronary artery and the mean peak velocity
at the same part of the coronary artery; the
normal value is less than 2). The measurement
revealed high HMR in both LAD and LCx but the
degree of increase was strikingly higher in LAD
compared to LCx (15.6 in LAD vs 5.5 in LCx).
There was also a greater proportional response
to intracoronary infusion of adenosine in LAD
compared to LCx. Cases of TS with remarkably
high IMR were also determined in the LAD [25,
28]. However, it was not compared to the LCx
and RCA in the same patients. Montone et al
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[38] studied 101 patients with TS and found
CSF (defined as TIMI-2 flow [requiring three or
more beats to opacify the distal vasculature] in
angiographically normal or near normal [<50%
stenosis]) in 18 (17.8%) patients. Seventeen of
the 18 patients (94%) had CSF lonely in LAD.
Only one patient had CSF in both LAD and LCx.
Furthermore, patients with CSF had worse myo-
cardial perfusion with significantly reduced my-
ocardial blush grade and quantitative myocar-
dial blush score in LAD territory compared with
patients with normal coronary flow. Consequ-
ently, in this study only a limited number of
patients with TS had signs of CMVD and this
was mainly observed in the LAD territory. Ozaki
et al [39] analyzed quantitative flow ratio (QFR)
in both LAD and LCx in 30 patients with TS. QFR
was obtained by using 3-dimentional quantita-
tive CAG (3D-QCA) and contrast flow by throm-
bolysis in myocardial infarction frame count.
They reported that vessel QFR was significantly
reduced in the LAD compared with that in the
LCx. The authors concluded that this finding
suggested that the pathophysiology of TS might
indirectly point to microvascular dysfunction in
the LAD territory. Consequently, substantial evi-
dences exist for the fact that CMVD is more
prevalent and more pronounced in LAD territo-
ry in patients with TS.

Microvascular dysfunction in TS is reversible

Patients, who have been investigated for CMVD
during follow up of TS, have shown improve-
ment or normalization of microvascular func-
tion [21, 25, 40-42]. Among the 16 patients
with TS who had significantly increased TFC
during the index presentation, the abnormal
TFC were completely normalized in all 3 epicar-
dial vessel distribution in the 2 patients who
underwent repeat CAG about 4 weeks after
the initial CAG [21]. Other investigators have
observed that the LVYWMA improved in parallel
with the dynamic improvement of the microcir-
culation [40-42]. Meimoun et al [40] studied 12
patients with TS using Doppler TTE-CFR (calcu-
lated as the ratio of hyperemic to basal mean
diastolic flow velocity) in the distal part of the
LAD using intravenous adenosine infusion at
the acute phase and 25 days later. Doppler
echocardiography-CFR increased significantly
from 2.2 at the acute phase to 2.9 at the follow
up whereas wall motion score decreased sig-
nificantly. The authors concluded that the LV-
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WMAs improved in parallel with the dynamic
improvement of the microcirculation. Rigo et al
[41] studied 30 patients with TS, which were
evaluated with transthoracic dipyridamole st-
ress echocardiography and pulsed doppler CFR
assessment on mid-distal LAD and posterior
descending artery of RCA in addition to evalua-
tion of wall motion score index. They observed
signs of profound diffuse microcirculatory dis-
turbance in the acute phase, with early reversal
to near normal values on discharge days, paral-
leling the functional recovery in regional wall
motion abnormality. Interestingly the CFR rea-
ched almost normal values on discharge in
almost all patients, whereas the wall motion
score index kept on improving over time with
complete normalization at 6-month follow-up.
Galiuto et al [42] studied myocardial perfusion
assessed by contrast score index (CSl) and
myocardial dysfunction by wall motion score
index (WMSI) in 15 patients with TS who under-
went contrast echocardiography at baseline
during adenosine infusion and at 1-month fol-
low-up. In patients with TS, perfusion defect
was evident at myocardial contrast echocar-
diography within the dysfunctional myocardial
area, which was transiently reduced by adenos-
ine. There was also transient improvement of
regional wall motion abnormality during ade-
nosine administration. At 1-month, there was
complete recovery of both myocardial perfu-
sion and myocardial wall motion abnormalities.
One month after the index presentation, Wari-
sawa et al [25] have demonstrated complete
normalization of microvascular dysfunction and
remarkable improvement of uptake in the mid
ventricular area during the 201T1 and the
BMIPP SPECT in a patient with typical mid-ven-
tricular TS with normal CAG and TIMI flow 3.
Rivero et al [43] studied CFR and IMR in LAD in
14 patients with TS where 78.6% were of apical
ballooning’s pattern. The mean CFR was 1.4
and the mean IMR was 53 indicating microvas-
cular dysfunction. They also observed a signifi-
cant negative linear correlation between the
extent of microvascular dysfunction and the
time from symptom onset to the IMR measure-
ment indicating improvement of CMVD with
time after the acute onset of TS. Heyse et al
[44] reported on a 53-years-old woman with
recurrent mid-apical TS. CAG showed a 50%
stenosis in LAD. Functional assessment under
maximal myocardial hyperemia in the LAD
revealed FFR 0.92, which was normal and IMR
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was increased to 43 indicating microvascular
dysfunction. Functional assessment at 1 mon-
th after the index presentation showed FFR
0.89 and normalization of IMR to 10 indicating
reversible microvascular dysfunction. All these
studies indicate that CMVD in TS is transient
and normalizes with the normalization of left
ventricular function.

Evidences challenging CMVD as a primary
cause of TS

The body of evidences challenging CMVD as a
primary cause of TS are substantial and are as
follows:

First; not all patients with TS have signs of
CMVD as detailed above [14, 15]. Even in the
studies with signs of CMVD, some patients in
the same study had no signs of CMVD [16].
Furthermore, in patients with CMVD, most of
them hadn’t CMVD in all the 3 coronary artery
territories [16, 23]. Further evidences for these
points are already provided in the sections
above. Second, despite ST-elevation MI (ST-
EMI)-like ECG changes in more than one third
and long-lasting STEMI-like ECG changes in
more than one fourth of patients with TS who
usually have extensive LVWMA, patients with
TS have modest troponin elevation [1, 10, 38].
This argues strongly against ischemia, causing
STEMI-like ECG changes, induced by microvas-
cular dysfunction as a cause of TS. In the 18
TS-patients with CSF studied by Montone et al
[38] 44% had STMI-like ECG changes (com-
pared with 31% of TS-patients with normal cor-
onary flow) and 27.7% (compared with 12%)
had persistent STEMI-like ECG changes at 48
hrs. Despite these findings, patients with CSF
did not have higher peak troponin value, it was
rather lower 2.4 ng/ml in TS-patients with CSF
compared to 3.2 ng/ml in TS-patients with nor-
mal coronary flow. This argues strongly against
any type of coronary ischemia as a primary
cause of TS including CMVD. Third, the first
pass perfusion in CMR imaging has not shown
any evidence of focal perfusion abnormalities
in some patients with TS [45]. Absence of late
gadolinium enhancement with the pattern of Ml
during CMR imaging argues against any isch-
emia as a primary cause of TS including CMVD
[2, 10]. Fourth, TS may be induced by dobuta-
mine, which in fact has a vasodilatory effect
[46] a finding which challenge the role of CMVD
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in the pathogenesis of TS. Fifth, Patients with
symptoms of stable angina, non-obstructive
coronary arteries during CAG and invasive or
non-invasive signs of microvascular dysfunc-
tion are classified as ischemia with non-ob-
structive coronary arteries (INOCA) [18]. If CM-
VD is a primary cause of TS so INOCA should be
the most common cause of TS and this is not
the case. All studies reporting on CMVD in
patients with TS during the index presentation
and follow-up have revealed normalization of
microvascular function during follow-up parallel
with normalization of ventricular wall motion
abnormalities [21, 25, 40, 42, 44]. Sixth, the
main and consistent histopathological finding
in TS are the hypercontracted sarcomeres and
contraction band necrosis which is distinct
from the coagulation necrosis caused by pro-
tracted ischemia [47]. This argues against any
ischemia including that due to the CMVD as a
cause of TS.

CMVD is secondary to TS, more prevalent and
more pronounced, and sometimes restricted
to LAD territories, mechanism?

As discussed above, there are enough evidenc-
es for that CMVD may occur in some patients
with TS and is more pronounced and some-
times limited mainly to the LAD supply territory.
Evidences are provided that CMVD is not a pri-
mary cause of TS. Nevertheless, CMVD in TS
may be an epiphenomenon caused by the
same pathogenesis of TS that is the cardiac
sympathetic hyperactivation [9, 11]. However,
the CMVD in TS is mainly secondary to some
pathological processes, which occurs in TS.
Myocardial edema secondary to intramyocardi-
al catecholamine inflammatory process may
occur in some patients with TS [6] and this may
lead to compression of the microvascular sys-
tem resulting in microvascular dysfunction.
This mechanism may involve the microvascular
circulation of all the three coronary artery terri-
tories. However, myocardial edema does not
occur in all patients with TS. Because the
microvascular dysfunction occurs mainly in
LAD territory, so the myocardial edema is not
the main mechanism of microvascular dysfunc-
tion in TS. The main mechanism of microvascu-
lar compression is most probably caused by
the cardiac cramp (myocardial stunning) whi-
ch occurs in TS [9, 48]. The cardiac cramp can
also explain the more pronounced and some-
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. LCA-diastole

LV-Diastole | LCA-systole

Figure 2. A case of emotional-triggered mid-apical with apical-tip-sparing Takotsubo syndrome (TS) showing com-
pression of a long segment of left anterior descending artery (LAD) with myocardial bridging during both diastole
and systole. Left coronary artery (LCA) during diastole (A) reveals a long segment of LAD with myocardial bridging
(arrows); note that this segment is narrower compared to the segments proximal and distal (Asterix). Left ventricu-
lography during diastole (B) and systole (C). LCA (D) during systole shows that the segment of LAD with myocardial
bridging is as narrow as that during diastole (arrows) compared to the segments of LAD proximal and distal to the

affected segment (Asterix).

Well-seen and

branches

Unseen or poorly-
filled septal
branches

Figure 3. Mid-apical ballooning pattern of TS during systole (A) of the same
patient in Figure 1. The left coronary artery (LCA) in cranial right anterior
oblique projection (B) display the LAD clearly. Observe the septal branches
in the proximal part of LAD are well-seen and well filled compared to the
distal half of LAD where the septal branches are scanty and poorly filled
due to compression of these septal branches by the myocardial stunning

caused by TS.

times restriction of microvascular dysfunction
to the LAD territory [36]. Evidences for the
occurrence of cardiac cramp in TS are dis-
cussed elsewhere [9, 48, 49]. There are expla-
nations for the more pronounced and some-
times restriction for the occurrence of signs of
CMVD in LAD territory. The myocardial territory
supplied by LAD has not only intramyocardial
resistance vessels (micro-circulation) but also
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well-filled septal —

has intramyocardial conduc-
tance vessels (macro-circula-
tion) that can also be compre-
ssed by cardiac cramp. The in-
tramyocardial conductance ve-
ssels in LAD territory are the
septal branches (1 to 8 bran-
ches) in all patients and the
LAD segments with myocardial
bridging in some of the patients
[50]. The compression of these
vessels during the acute and
subacute stages of TS may be
the main cause of CSF in LAD
(Figure 1). Systo-diastolic com-
pression of LAD segments with
myocardial bridging during the
subacute stage of TS has been
described [48]. Figure 2 re-
veals a long segment of LAD
with myocardial bridging com-
pressed during both systole and diastole. The
relief of systo-diastolic compression has been
documented during resolution of left ventricu-
lar dysfunction [48]. Compression of septal
branch and even occlusion of it during systo-
le has been reported in patients with TS [50].
Figure 3 demonstrates a patient with mid-api-
cal TS, where the septal branches are well-seen
and well-filled at the proximal part of LAD while
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they are scanty and poorly filled at the level of
LAD covering the left ventricular segments wi-
th myocardial stunning. At the same time, the
microvascular circulation is compressed during
systole and diastole during the acute stage of
the disease. This compression will be relieved
during recovery of the myocardial stunning ex-
plaining the reversibility of CMVD as previously
mentioned [25, 43, 44]. Consequently, ade-
quate evidences provided that CMVD in pati-
ents with TS is a secondary phenomenon main-
ly explained by cardiac cramp (myocardial stun-
ning) in TS; the CMVD is more prevalent and
more pronounced in LAD territory because of
compression of both macro- and microcircula-
tion by the cardiac cramp during the acute
stage of the disease.

Conclusion

Reversible invasive and non-invasive signs of
CMVD exist in a substantial number of patients
with TS. CMVD may occur in 3, 2, or 1 coronary
vessel distribution and are usually more preva-
lent and more pronounced in LAD distribution.
Persuasive evidences challenging CMVD as a
primary cause for TS and arguing for that CMVD
if present is an epiphenomenon or mainly sec-
ondary to TS are provided. Furthermore, the
mechanisms of secondary CMVD in TS and the
reasons for the more prevalent and more pro-
nounced signs of CMVD in LAD territory are
explained.
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