
Case Reports

Coronary artery–left
ventricular multiple
microfistulas, a rare disease
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Abstract

Coronary artery–left ventricular multiple microfistulas (CALVMMFs) are a very rare type of

coronary artery fistula. Because of their special anatomical structure and hemodynamics,

CALVMMFs often result in no obvious symptoms and signs. Most patients are diagnosed by

coronary angiography; however, as a routine noninvasive screening method, Doppler echocardi-

ography is a potential first-choice diagnostic technique for patients with CALVMMFs. Although

satisfactory results of CALVMMF closure are difficult to achieve, the clinical symptoms of these

patients are not obvious, and drug therapy has a clear therapeutic effect on most patients. We

herein introduce seven cases of CALVMMFs confirmed by our hospital and briefly review the

related literature.
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Introduction

Most coronary artery fistulas (CAFs) are

congenital, accounting for 0.2% to 0.4%

of congenital heart diseases.1 It is generally

believed that the development of CAFs is

related to incomplete degeneration of the
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sinusoids.2 Most CAFs are simple fistulas
that drain to low-pressure structures such as
the right ventricle and pulmonary artery.3

However, complicated CAFs that drain to
the left ventricle are extremely rare and exhib-
it a special anatomical structure and hemo-
dynamics. We believe that such fistulas
should be regarded as a special CAF type.

Case series

We herein describe seven patients who were
diagnosed with coronary artery–left ventric-
ular multiple microfistulas (CALVMMFs)
in The First Affiliated Hospital of
Guangdong Pharmaceutical University
from 2020 to 2021 (Table 1). All patients
were diagnosed by coronary angiography.
The average age of the seven patients was
69.6 years (range, 52–91 years). All patients
had obvious symptoms, among which chest
pain and tightness were the most common
(57.1%), followed by dyspnea, palpitation,
dizziness, and fatigue. No obvious cardiac
murmur was found in any patients.
Nonspecific ST-T change was the most
common electrocardiographic feature
(85.7%); other electrocardiographic mani-
festations included atrial fibrillation and
a prolonged QT interval (Table 2).
Abnormal blood flow signals of the left ven-
tricle during diastole were found by Doppler
echocardiography in three patients

(Figure 1). Coronary angiography showed
no obvious abnormality in the branching
and course of the coronary artery and no
obvious fistula, but the contrast medium in
the area of the distal microvascular fistula of
the involved coronary artery directly dif-
fused into the left ventricle in the diastolic
phase, whereas the abnormal blood flow
disappeared during systole (Figure 2).
This is a characteristic manifestation of
CALVMMFs. All patients underwent car-
diac magnetic resonance imaging to rule
out cardiomyopathies, such as left ventricu-
lar noncompaction. Because no effective
surgical or interventional treatment is avail-
able for this microvascular fistula, we decid-
ed to treat the patients with b-receptor
antagonists, and the patients agreed to our
treatment plan. The patients were followed
up for at least 6 months during treatment.
All patients’ clinical symptoms were signifi-
cantly relieved, and Doppler echocardiogra-
phy showed no deterioration of cardiac
function. The reporting of this study con-
forms to the CARE guidelines.4 All patients’
personal information has been de-identified,
and written informed consent for publica-
tion was obtained from all patients.

Discussion

The right ventricle and pulmonary artery
are considered the most common drainage

Table 1. Basic information of patients.

Patient Sex

Age

(years) Medical history Symptoms

Cardiac

murmur Fistula

1 Female 83 — Palpitations and dyspnea — LAD-LV

2 Female 67 — Chest pain and dyspnea — LAD-LV

3 Male 52 — Chest pain and tightness — LAD-LV

4 Male 64 Hypertension, coronary

artery disease

Chest pain and tightness — LAD-LV

5 Female 68 — Chest tightness — LAD-LV

6 Female 62 Atrial septal defect Chest pain and tightness — D1-LV

7 Male 91 — Dizziness and fatigue — D1-LV

LAD, left anterior descending coronary artery; D1, first diagonal branch; LV, left ventricle.
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sites for CAFs,3 whereas drainage of a CAF

to the left ventricle is extremely rare. Ninety

percent of CAFs are simple fistulas, and

10.7% to 16.0% are complex CAFs2,5;
that is, multiple fistulas exist between the

affected coronary artery and the drainage

site. As a special complex type of CAF, a

microvascular fistula is rarer and does not
have a clear fistula structure. During

coronary angiography, contrast medium

can be observed to spread from the affected

coronary artery through the plexiform vas-

cular network to the drainage site. Like an
ordinary CAF, a microvascular fistula can

originate from any coronary artery. At the

drainage site, however, it seems to only

drain to the left ventricle, and there are no
reported cases of a microvascular fistula

Table 2. Electrocardiogram and transthoracic echocardiography findings.

Patient Electrocardiogram Transthoracic echocardiography

1 Atrial fibrillation Abnormal local blood flow signal at the papillary

muscle of the left ventricle, increased left ven-

tricular end-diastolic pressure, tricuspid

regurgitation

2 Nonspecific ST-T changes Abnormal blood flow signal at the apex of the left

ventricle, tricuspid regurgitation

3 Nonspecific ST-T changes Abnormal blood flow signal at the interventricu-

lar septum of the left ventricle

4 Nonspecific ST-T changes Mitral and tricuspid regurgitation

5 Nonspecific ST-T changes Ventricular septal thickening and mitral

regurgitation

6 Nonspecific ST-T changes Increased left atrial diameter, mitral and tricuspid

regurgitation

7 QT interval prolongation,

nonspecific ST-T changes

Left ventricular diastolic dysfunction, ventricular

septal thickening

Figure 1. (a–c) Transthoracic echocardiography showed blue abnormal blood flow signals appearing at the
papillary muscles and the apical and interventricular septum of the left ventricle during diastole.
RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium.
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draining to other sites. Therefore, we

believe that CALVMMFs should be

regarded as a special subtype of CAF. The

etiology of CALVMMFs remains unclear.
We believe that formation of these fistu-

las is related to the pressure and compliance

of the drainage site. Because of the low

compliance and high pressure of the left

ventricle, a fistula with an obvious structure

does not readily form even if the myocardi-

um is normal, and the blood flow can only

be diffused through the plexiform vascular

network between the myocardium.

Additionally, this special type of CAF

may be associated with left ventricular non-

compaction and can be caused by chromo-

somal abnormalities, such as 22q11.2

deletion.6–8 We believe that left ventricular

noncompaction may be one cause of

CALVMMFs, but proving this etiology

requires more evidence. Therefore, patients

with CALVMMFs need routine echocardi-

ography or cardiac magnetic resonance

imaging to rule out the possibility of left

ventricular noncompaction.
The coronary artery steal phenomenon is

considered a main pathophysiological basis

of CAFs2,9,10 and is closely related to the

symptoms and complications of CAFs. On

one hand, the coronary artery steal phe-

nomenon causes insufficient blood supply

to the distal coronary artery, resulting in

chest pain and even myocardial infarc-

tion.11,12 On the other hand, continuous

extra blood flow will increase the heart

load, resulting in congestive heart failure

and pulmonary hypertension, which will in

turn lead to dyspnea, chest tightness, and

other related symptoms.2,5,13 The shunt

flow through the fistula mainly depends

on the size of the fistula and the pressure

gradient between the coronary artery and

the drainage site.14 Because of the small fis-

tula diameter and pressure gradient of

CALVMMFs, the resultant hemodynamic

changes are generally of little clinical

Figure 2. (a–e) Coronary angiography showed that the contrast medium diffused into the left ventricle,
resembling smoke, from the left anterior descending coronary artery through the microvascular network.
(f–g) The microvascular fistula originated from the first diagonal branch and drained to the left ventricle.
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significance. In addition, our patients’ cor-
onary angiography results suggest that
during systole, the microvascular fistulas
close under pressure and the abnormal
blood flow stops, which also reduces the
degree of “coronary steal” to some extent.
This special hemodynamic change means
that the degree of myocardial ischemia
and cardiac load increase in most patients
with CALVMMFs may not be obvious,11,14

and these patients may therefore have no
obvious clinical symptoms or will require
a long time to develop obvious symptoms.
In our case series, the cardiac function of all
except one patient with left ventricular dia-
stolic dysfunction was not markedly
decreased, indicating that these patients
may have a good prognosis.

A cardiac murmur is considered to be a
significant sign of a CAF. Studies have
shown that more than 70% of patients
with CAFs have an obvious cardiac
murmur in the prethoracic area.1,2,15

However, patients with CALVMMFs
often do not have an obvious cardiac
murmur because the blood flow is diffused
along the microvessels to the left ventricle,
and turbulence does not readily develop in
the cardiac cavity.

The coexistence of coronary dilatation is
a characteristic feature of CAFs, but in
almost all cases of CALVMMFs, signifi-
cant coronary dilatation is absent. This is
consistent with our case series, and we
believe that it may be due to the small
shunt. Because of this special anatomical
structure, coronary angiography is still the
most meaningful detection method for the
diagnosis of CALVMMFs. However, its
application is limited by its invasiveness
and radiation exposure, and most patients
without obvious symptoms are not willing
to undergo coronary angiography.
Although computed tomography angiogra-
phy has high temporal and spatial resolu-
tion, making it an important method to
diagnose CAF at present,16,17 no cases of

CALVMMFs have been diagnosed by com-
puted tomography angiography. As a rou-
tine noninvasive screening method,
Doppler echocardiography can reveal
abnormal diastolic blood flow signals in
the ventricle or myocardium of patients
with CALVMMFs.6–8,18,19 However, the
sensitivity of Doppler echocardiography
for the diagnosis of CALVMMFs is low,
mainly because the hemodynamics of most
CALVMMFs have not changed significant-
ly. The operator’s experience and technical
skill level are also important influencing
factors. The use of higher-frequency trans-
ducers or transesophageal echocardiogra-
phy can improve the diagnostic rate of
CALVMMFs to a certain extent.20 It is
also necessary to improve operators’ aware-
ness of CALVMMFs.

In summary, the clinical symptoms and
signs of patients with CALVMMFs are not
obvious because of the special anatomical
structure and hemodynamics of these fistu-
las, and it is difficult to identify these
abnormalities by noninvasive methods.
Therefore, CALVMMFs are difficult to
find in the early stage, and most are diag-
nosed by coronary angiography after obvi-
ous complications and evidence of
myocardial ischemia have developed. In
our case series, the mean age at diagnosis
was 69.6 years. In a retrospective study of
CALVMMFs in Turkey, the mean age at
diagnosis was 70.2� 10.8 years,21 while in
another retrospective study of 304 patients
with CAFs, the mean age was 51.4 years;
this is consistent with our speculation.13

Because of the increasing efficacy and
safety of transcatheter closure and surgical
treatment of CAFs, a consensus has been
reached regarding percutaneous closure
treatment for patients with large or symp-
tomatic CAFs.22 However, because of the
special anatomical structure of
CALVMMFs, it is difficult to achieve effec-
tive results by percutaneous closure.23

Therefore, such treatment is not
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recommended for these patients, even if they

have obvious symptoms. Most case reports

to date have shown that b-receptor antago-
nists and calcium channel blockers are effec-

tive in treating CALVMMF-related

symptoms7,12,24–26 and can improve the

prognosis of patients. Therefore, conserva-

tive treatment with drugs should be

regarded as the first choice for treating

CALVMMFs.

Conclusion

Generally, CALVMMFs have a special

anatomical structure and hemodynamics.

We believe that they should be regarded

as a rare subtype of CAFs and that they

may have a good prognosis. Because of

the lack of typical symptoms and signs,

CALVMMFs are difficult to detect in the

early stage. Although coronary angiogra-

phy is still the gold standard for the

diagnosis of CALVMMFs, Doppler echo-

cardiography can also be used to diagnose

CALVMMFs by revealing abnormal blood

flow in the left ventricle or myocardium,

and this imaging technique may become

the first choice for the diagnosis of

CALVMMFs. Because effective results of

fistula closure are difficult to achieve, we

recommend conservative drug treatment

and regular follow-up for these patients.

Statement of ethics

Review board approval was not needed because

of the nature of this study (case report). All

patients provided written informed consent for

publication of the manuscript.

Funding sources

The authors disclosed receipt of the following

financial support for the research, authorship,

and publication of this article: This work was sup-

ported by the Guangdong Provincial Innovation

Team Project of Colleges and Universities (No.

2019KCXTD018).

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Author contributions

CKC designed the report and completed the

manuscript. ZHZ and TDL operated on the

patients and were responsible for their postoper-

ative care. ZHZ revised the manuscript and

supervised all the work. All authors read and

approved the final manuscript.

ORCID iDs

Kaicong Chen https://orcid.org/0000-0002-

5998-8426
Zhihuan Zeng https://orcid.org/0000-0002-

2701-8556
Junqian Luo https://orcid.org/0000-0002-

5005-220X

References

1. Huynh KT, Truong VT, Ngo TNM, et al.

The clinical characteristics of coronary

artery fistula anomalies in children and

adults: a 24-year experience. Congenit

Heart Dis 2019; 14: 772–777. doi: 10.1111/

chd.12781.
2. Karazisi C, Eriksson P and Dellborg M.

Coronary artery fistulas: case series and lit-

erature review. Cardiology 2017; 136:

93–101. doi: 10.1159/000447445.
3. Abdelmoneim SS, Mookadam F, Moustafa

S, et al. Coronary artery fistula: single-center

experience spanning 17 years. J Interv

Cardiol 2007; 20: 265–274. doi: 10.1111/

j.1540-8183.2007.00267.x.
4. Gagnier JJ, Kienle G, Altman DG, et al;

CARE Group. The CARE guidelines:

consensus-based clinical case reporting

guideline development. Headache 2013; 53:

1541–1547.
5. Ali M, Kassem KM, Osei K, et al. Coronary

artery fistulae. J Thromb Thrombolysis

2019; 48: 345–351. doi: 10.1007/s11239-019-

01897-8.
6. Branton H, Warren AE and Penney LS. Left

ventricular noncompaction and coronary

artery fistula in an infant with deletion

6 Journal of International Medical Research

https://orcid.org/0000-0002-5998-8426
https://orcid.org/0000-0002-5998-8426
https://orcid.org/0000-0002-5998-8426
https://orcid.org/0000-0002-2701-8556
https://orcid.org/0000-0002-2701-8556
https://orcid.org/0000-0002-2701-8556
https://orcid.org/0000-0002-5005-220X
https://orcid.org/0000-0002-5005-220X
https://orcid.org/0000-0002-5005-220X


22q11.2. Pediatr Cardiol 2011; 32: 208–210.

doi: 10.1007/s00246-010-9837-z.
7. Hernández M, Carretero JM and Prada F.

Propranolol as a treatment for multiple cor-

onary artery micro-fistulas. Cardiol Young

2015; 25: 380–383. doi: 10.1017/S104795

1114000249.
8. Gupta U and Makhija P. Left ventricular

noncompaction cardiomyopathy in pediatric

patients: a case series of a clinically hetero-

geneous disease. Pediatr Cardiol 2017; 38:

681–690. doi: 10.1007/s00246-016-1566-5.
9. Yun G, Nam TH and Chun EJ. Coronary

artery fistulas: pathophysiology, imaging

findings, and management. Radiographics

2018; 38: 688–703. doi: 10.1148/

rg.2018170158.

10. Kahaly O and Boudoulas KD. Multiple

small coronary artery fistulas emptying

into the left ventricle: a rare but challenging

problem. Case Rep Med 2016; 2016:

2406250. doi: 10.1155/2016/2406250.
11. Taha ME, Al-Khafaji J, Abdalla AO, et al.

Coronary artery-left ventricular fistula and

Takotsubo cardiomyopathy – an association

or an incidental finding? A case report. Am J

Case Rep 2018; 19: 614–618. doi: 10.12659/

AJCR.908836.
12. Uyar IS, Akpinar B, Senarslan O, et al.

Multiple coronary fistulae to left ventricle,

with acute myocardial infarction. Asian

Cardiovasc Thorac Ann 2015; 23: 561–563.

doi: 10.1177/0218492314522045.
13. Said SA. Current characteristics of congeni-

tal coronary artery fistulas in adults: a

decade of global experience. World J

Cardiol 2011; 3: 267–277. doi: 10.4330/wjc.

v3.i8.267.
14. Iyer P and Yelisetti R. Multiple left anterior

descending coronary artery to left ventricu-

lar fistula – a case series and literature

review. J Community Hosp Intern Med

Perspect 2017; 7: 258–261. doi: 10.1080/

20009666.2017.1369380.
15. Song G, Zhang J, Ren W, et al. Pediatric

coronary artery fistula: echocardiographic

case reports and literature review of treat-

ment strategy. Springerplus 2016; 5: 1583.

doi: 10.1186/s40064-016-3276-0.
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