CLINICAL CARDIOLOGY

Cardiology Journal
2023, Vol. 30, No. 6, 929-937

W DOI: 10.5603/CJ.a2023.0046
Sl Copyright © 2023 Via Medica
VIA MEDICA ORIGINAL ARTICLE ISSN 1897-5593

elSSN 1898-018X

Evaluation of left ventricular function
in patients with coronary slow flow:
A systematic review and meta-analysis

Tianxin Dong"?*, Qing Zhu"**, Shang Wang’, Shuo Liu"? Shitong Wang"?,
Yonghuai Wang"?, Honghe Li*°, Guangyuan Li"? Chunyan Ma"’

"Department of Cardiovascular Ultrasound, The First Hospital of China Medical University,
Shenyang, Liaoning, China
*Clinical Medical Research Center of Imaging in Liaoning Province, Shenyang, Liaoning, China
*Dalian Medical University, Dalian, Liaoning, China
*School of Computer Science and Engineering, Northeastern University, Shenyang, Liaoning, China
°Key Laboratory of Intelligent Computing in Medical Image, Ministry of Education,
Northeastern University, Shenyang, Liaoning, China

Abstract

Background: Coronary slow flow (CSF) is an angiographic finding defined as delayed distal vessel
Dperfusion without severe stenosis of the epicardial coronary arteries. However, definite alterations in left
ventricular (LV) function in patients with CSF remains inconsistent. This study aimed to clarify the
changes in LV function in patients with CSF and explore the factors that may influence LV function.
Methods: PubMed, Embase, and Cochrane Library databases were systematically searched. Standard-
1zed mean differences and 95% confidence intervals (CI) for the LV function parameters were calculated.
Subgroup analysis, meta-regression analysis, and correlation analysis were performed to explore the
factors influencing LV function.

Results: Twenty-two studies (1101 patients with CSF) were included after searching three databases.
In patients with CSE LV ejection function in patients with CSF was marginally lower (61.8%; 95%
CIL: 61.0%, 62.7%), global longitudinal strain was decreased (—18.2%; 95% CI: —16.7%, —19.7%).
Furthermore, left atrial diameter; left atrial volume index, and E/e’ were significantly increased, while
E/A and e’ were significantly decreased. The mean thrombolysis in myocardial infarction frame count
(TFC) was linearly associated with LV function; the larger the mean TFC, the greater the impairment
of LV function.

Conclusions: Left ventricular systolic and diastolic functions were impaired in patients with CSE and
this impairment was aggravated with increasing mean TFC. (Cardiol ] 2023; 30, 6: 929-937)
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Introduction

Coronary slow flow (CSF) is an angiographic
observation, characterized by delayed perfusion in
the distal vessel without significant stenosis of the
epicardial coronary arteries, in the absence of other
organic heart disorders [1, 2]. It has been reported
in 7% of patients undergoing coronary angiography
(CAG) for chest pain [3]. The mechanism of CSF
is still unclear, but it is thought to be related to
endothelial dysfunction, microvascular dysfunc-
tion, inflammation, subclinical atherosclerosis,
abnormal blood cells, and genetics [4]. Recurrent
chest pain is the dominant manifestation of CSE,
followed by acute coronary syndrome, fatal cardiac
arrhythmias, and sudden cardiac death, all of which
require urgent clinical attention [1, 5-8].

In recent years, a growing body of research has
focused on the effects of CSF on left ventricular
(LV) function. Echocardiography, the method of
choice for evaluating heart function, is being widely
used to assess LV function in patients with CSF [9].
However, definite alterations in the echocardio-
graphic parameters of LV function in patients with
CSF remain inconsistent. Therefore, this sys-
tematic review and meta-analysis was performed
to identify any alterations in the LV systolic and
diastolic function, and explore the factors affecting
LV function in patients with CSE

Methods

The systematic review and meta-analysis were
performed adhering to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and the Cochrane Handbook
for Systematic Reviews of Interventions recom-
mendations [10, 11]. The study was prospectively
registered with the International Prospective
Register of Systematic Reviews (https:/www.crd.
york.ac.uk/PROSPERO/) on February 12, 2022
(No: CRD42022300680).

Literature search

PubMed, Embase, and Cochrane Library
databases were systematically searched with the
keywords “coronary slow flow,” “left ventricular,”
and “echocardiography” to identify relevant studies
from inception until April 1, 2022.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) stud-
ies involving an experimental group (patients with
CSF) and a control group (patients with normal

coronary flow); i) echocardiography performed be-
fore or after CAG; and iii) in case of articles with an
overlap in the study population, the study published
most recently or with the greatest number of cases.
Exclusion criteria were as follows: 1) patients with
organic heart disease; ii) data not reported, or in-
ability to obtain the necessary data from the original
literature; iii) reviews, case reports, commentaries,
conference abstracts, animal model studies, etc.; and
iv) studies not published in English.

Study selection

Two authors independently screened the
articles according to predefined inclusion and ex-
clusion criteria. Duplicate articles were excluded.
Titles and abstracts were then read to eliminate
irrelevant articles. Thereafter, rigorous screening
of the remaining articles was performed by read-
ing the full text. If the content was controversial,
a third person made the final decision.

Data extraction and quality assessment
The following data were independently ex-
tracted by two authors: 1) study information: first
author, year of publication, country, and sample size;
i1) clinical characteristics, including age, sex, body
mass index (BMI), systolic blood pressure (SBP), di-
astolic blood pressure (DBP), triglyceride (TG), total
cholesterol (TC), low-density lipoprotein (LDL),
high-density lipoprotein (HDL), diabetes mellitus
(DM), hypertension (HTN), smoking history, and
family history of coronary artery disease (CAD);
iii) CAG results: mean thrombolysis in myocardial
infarction frame count (TFC) and coronary artery
involvement; 1v) echocardiographic parameters: LV
ejection fraction (LVEF), global longitudinal strain
(GLS), E-wave to A-wave ratio (E/A), deceleration
time (DT), mean velocities of the mitral ring in the
early diastole (¢’), E/e’, left atrial diameter (LAD), left
atrial volume index (LAVI), and myocardial perfor-
mance index (MPI). Echocardiographic parameters
were selected according to the American Society
of Echocardiography guidelines [12, 13]. Quality
assessment of the included studies was performed
using the Newcastle-Ottawa Scale (NOS) critical
appraisal tool. NOS provides evaluation criteria for
observational studies in three aspects: selection (0—4
points), comparability (0-2 points), and exposure (0-3
points); with the highest score being 9 points [14].

Statistical analysis

A meta-analysis of the clinical characteristics
and echocardiographic indices was performed.
Pooled relative ratios (RR) and 95% confidence
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136 articles through database searching
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2 — Cochrane Library: 3

g

v
— 86 articles after duplicates removed

Title and abstract excluded: 41

= — Review: 4

= — Case reports: 10
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3 — Animal model studies: 2
— Topic no relevant: 20

v — Not in English: 3
] 45 studies assessed by full-text review
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»| — Cannot extract necessary data: 3
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= 22 studies included in meta-analysis

Figure 1. Flowchart of the study selection process.

intervals (CIs) were calculated for dichotomous
outcomes; and the pooled standardized mean dif-
ference (SMD) and 95% CI were calculated for
continuous outcomes. The results are presented
as forest plots or summary tables. The Cochrane
Q test and inconsistency index (I’) were used to
assess the heterogeneity of the pooled effect sizes.
I’ < 40% indicated no significant heterogeneity, and
a fixed-effects model was used. I > 40% suggested
significant heterogeneity; a random-effects model
was applied, and subgroup analysis or meta-regres-
sion analysis was performed [11]. To determine the
correlations between the mean TFC and LV func-
tion, correlation coefficients (r) were converted
to Z values for the meta-analysis. Subsequently,
the pooled Z values were back-transformed into r.
The Begg’s test was used to evaluate publication
bias; a p-value of > 0.05 suggested there was no
significant publication bias [11]. STATA software
(version 15) was used for all the analyses.

Results

Studies selection
Based on the pre-formulated search strategy,
136 articles were retrieved from the three databas-

es. First, 50 duplicate articles were removed. And
then, in the title and abstract review, 41 publications
that were reviews, case reports, commentaries, ani-
mal studies, unrelated topics, and publications not
published in English were excluded. Following that,
a full-text review on 45 studies was performed, out
of which 23 more articles were excluded. Eventually,
a total of 22 articles that met the inclusion criteria
[9, 15-35] were included. The flowchart in Figure 1
shows the detailed process and reasons for exclu-
sion. Table 1 presents the clinical characteristics
of the included studies. The included studies were
published from 2007 to 2021. There were 13 stud-
ies from Turkey, 4 from China, 3 from Iran, and one
each from Spain and Egypt. The diagnostic criteria
for CSF were consistent: patients with a corrected
TFC of > 27 in at least one major coronary vessel
[36]. According to the NOS scale, no low-quality
studies were found.

Clinical characteristics

The pooled results of the clinical characteris-
tics suggested that the CSF group was older, more
likely to be male, and had a greater prevalence of
smoking than the control group. Meanwhile, the
CSF group had a higher BMI and SBP, with lower
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A First author (year) SMD (95% Cl) Weight %
Sevimli (2007) N 0.38(-0.22,0.97)  2.50
Baykan (2009) = -0.18 (-0.65,0.29)  4.04
Nurkalem (2009) -0.30 (-0.84,0.24)  3.00
Tanriverdi (2010) R * -0.10 (-0.42,0.21)  8.86
Guntekin (2011) -0.38 (-0.90,0.15)  3.19
Elsherbiny (2012) ¢ -0.44 (-0.95,0.07)  3.40
Balci (2013) ¢ -0.33 (-0.66, -0.01) 8.51
Altunkas (2014) ¢ R —0.07 (-0.54,0.40)  4.04
Barutcu (2015) 0.24 (-0.39,0.86)  2.29
Wang (2015) R ¢ -0.33 (-0.72,0.06)  5.87
Gulel (2016) —0.44 (-1.07,0.19)  2.25
Narimani (2016) '. -0.44 (-0.91,0.03)  4.06
Simsek (2016) R -0.42 (-0.82,-0.01) 5.49
Suner (2016) N ] -0.09 (-0.53,0.35)  4.62
Kemaloglu (2017) . -0.34(-0.78,0.10)  4.55
Seyis (2018) .— -0.32 (-0.59, -0.06) 12.49
Xing (2019) -0.41 (-0.78,-0.03) 6.24
Aslan (2021) 0.00 (-0.42,0.42) 5.4
Javadi (2021) 1 v 0.21(-0.48,0.89)  1.90
Liu (2021) -0.20 (-0.55,0.14)  7.57
Overall (I = 00%, P = 0.68, Fixed-effect) O; -0.24 (-0.33,-0.14) 100.00

T T
-1.07 0 1.07

B Subgroup and first author (year) SMD (95% Cl) Weight %
:crotPACZMS —— 172(-245,-099) 1353
v\}" “"“2815 ) — ~0.58 (~0.98, ~0.19) 14.69
. aln,g (2016 ) e 019(-043 082 13.96
o el((2019)) —— 1.26 (167, -0.85) 14.65

ing ‘ -0.83 (1.53, 0.1 56.82
Subtotal (I* = 86.3%, p = 0.00) - 153, )
TomT

KZ:];: @0t e -1.87 (-2.40, -1.34) 14.29
L (2031) —— -0.58 (-0.93,-0.23) 14.80

u
Subtotal (¥ = 93.7%, p = 0.00) _ -1.21 (-2.47, 0.05) 29.09
Not Reported
Seyyed (2021) e -3.66 (~4.25,-3.08) 14.09
Overall (I = 94.9%, p = 0.00) <> -1.35 (-2.15, -0.54) 100.00
NOTE: Weights are from random effects analysis |

T T
-4.25 -1.35 0 085

Figure 2. Forest plot for left ventricular ejection fraction (LVEF; A) and global longitudinal strain (GLS; B);
SMD — standardized mean difference; Cl — confidence interval.

HDL, while there were no significant differences
in the DBP, HTN, DM, family history of CAD, TG,
TC, and LDL. The results of the CAG were pooled
[9,17, 20, 22, 25, 26, 30, 33, 34, 37], suggesting that
among the three coronary arteries, left anterior
descending artery involvement was observed in
73% of patients, left circumflex artery involvement
in 63%, and right coronary artery involvement in
54%. In 43% of patients with CSF, all three vessels
were affected, while two-vessel and one-vessel
diseases were observed in 31% and 26% of cases,
respectively.

www . cardiologyjournal.org

Echocardiography characteristics
LV systolic function

Of the 22 studies, 2 were excluded from the
meta-analysis because they did not report the
measurement method of LVEF [24, 34]. Twenty
studies assessed LVEF using the modified biplane
Simpson method; 1012 in the CSF group and 798 in
the control group. The results showed that LVEF
was lower in the CSF group than in the control
group (SMD: —0.236; 95% CI: -0.33, -0.14; I* = 0%)
(Fig. 2A). The mean LVEF in the CSF group was
61.8% (95% CI: 61.0%, 62.7%). The Begg’s test did
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Table 2. The results of meta-analysis of diastolic function.

Parameter Studies, CSF, Pooled mean [I** Control, Pooled mean I*** SMD 95% CI I
n n in CSF n in control

E/A 20 971 0.94 87.8 758 1.07 93.6 -0.43 -0.66 to-0.20 80.7
DT 15 761 207.12 96.7 514 198.52 95.3 0.19 -0.00t00.38 60.6
e’ 10 511 9.25 99.7 365 10.80 99.7 -1.21 -1.98t0-0.44 95.9
E/e’ 10 435 7.92 81.4 323 7.27 97.2 0.37 0.02-0.72 80.4
LAD 14 722 34.68 95.0 587 33.89 96.7 0.32 0.04-0.60 83.3
LAVI 3 153 27.87 98.0 131 26.82 98.9 0.26 0.03-0.50 0.00

CSF — coronary slow flow; SMD — standardized mean difference; Cl — confidence interval; E/A — early-to-late velocity ratio; DT — decelera-
tion time of the mitral E-wave; e’ — peak early diastolic mitral annular velocity; LAD — left atrial diameter; LAVI — left atrial volume index;

*12 within CSF group; **I> within control group

not suggest a significant publication bias (Suppl.
Fig. S1).

Seven studies reported GLS [23, 25, 27, 30,
32-34]: 328 in the CSF group and 304 in the control
group. The GLS of the CSF group was reduced
when compared to the control group (SMD: -1.35;
95% CI: -2.15, -0.54; I’ = 94.9%) (Fig. 2B). The
mean GLS value in the CSF group was -18.2%
(95% CI: -16.7%, —-19.7%). Subgroup analysis for
GLS was performed according to the software:
four EchoPAC, two TomTec; and one did not report.
The EchoPAC group had an I of 86.3% (SMD: 0.83;
95% CI: -1.53, -0.14), whereas the TomTec group
had an I? of 93.7% (SMD: -1.21; 95% CI: —-2.47,
0.05).

LV diastolic function

The combined results of diastolic function
are displayed in Table 2. The CSF group had
a higher E/e’, LAD, and LAVI, and lower E/A and
e’, whereas DT did not change. Except for LAVI,
the heterogeneity of the other diastolic indices
was significant (I’ > 40). The results of the meta-
regression analysis shown in Supplementary
Table S1A revealed that the country was the
source of the heterogeneity of DT and €’, and the
year of publication could explain the heterogeneity
of ¢’ and E/e’. High heterogeneity was observed
in the CSF and control groups. Supplementary
Table S1B-S1C present the sources of heteroge-
neity within each group. SBP caused heterogeneity
within the CSF and control groups for E/A. Heart
rate was the source of heterogeneity of E/e’ in the
CSF group. Sex and DBP caused heterogeneity in
E/e’ in the control group. The Begg’s test indicated
no publication bias for any of the diastolic function
indices (Suppl. Fig. S1).

934

Correlation of LV function with the mean TFC

The pooled correlation coefficients are pre-
sented in Supplementary Table S2. The results
suggested a weak positive relationship between
the mean TFC and E/e’ (r = 0.36; 95% CI: 0.19,
0.50; p < 0.01), a moderate negative correlation
between the mean TFC and GLS (r = -0.44; 95%
CI: 0.14, 0.67; p = 0.006), and a moderate positive
correlation between the mean TFC and MPI (r =
= 0.41; 95% CI: 0.20, 0.59; p < 0.01). The correla-
tion between mean TFC and E/A was not statisti-
cally different (p = 0.05).

Subgroup analysis according to the mean TFC

The average value of the mean TFC for the
CSF group was calculated to explore the cutoff
value that would result in an obvious alteration
of LV function. Subgroup analysis was performed
based on a mean value of 39 (95% CI: 36, 42)
(Suppl. Table S3). The results suggested that for
the mean TFC < 39 group, the E/e’ (SMD: 0.11;
95% CI: —-0.26, 0.47) and EDT (SMD: 0.05; 95%
CI: -0.29, 0.40) of the CSF group did not change,
while both E/e’ (SMD: 0.93; 95% CI: 0.26, 1.61)
and EDT (SMD: 0.34; 95% CI: 0.07, 0.61) sig-
nificantly increased in the mean TFC > 39 group.
In the mean TFC > 39 group, LVEE GLS, and €’
had greater pooled effect sizes than in the mean
TFC < 39 group (SMD: -0.285 vs. —0.196; SMD:
-1.543 vs. -0.640; SMD: -2.528 vs. -0.520, re-
spectively).

Discussion

The results of the meta-analysis suggested
that: 1) both LV systolic and diastolic functions were
decreased in patients with CSEF, and ii) the mean

www.cardiologyjournal.org
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TFC was linearly associated with LV function, the
larger the mean TFC, the more severe the impair-
ment of LV function.

Coronary slow flow was originally described
by Tambe et al. in 1972 [37] and it has a negative
impact on patients’ quality of life. More than 80% of
patients with CSF experience recurrent chest pain,
and 20% are admitted to the hospital multiple times
due to exacerbation [5]. Results herein, suggested
that males and the older adults were susceptible
to CSFE. Moreover, higher SBP, larger BMI, lower
HDL, and smoking might be potential risk factors for
CSE, which are similar to those for CAD. Among the
three major coronary arteries, CSF was more likely
to occur in the left anterior descending artery, and
a significant proportion of patients had concurrent
involvement of all three coronary arteries. Previous
studies suggest that the affected blood vessels can
affect the myocardial strain of the relevant cardiac
segments [30]. Moreover, the more involved the
number of coronary arteries, the more serious car-
diac dysfunction [33]. Therefore, close monitoring
of patients with CSF is necessary.

Left ventricular systolic function is vital to
the assessment and prognosis of the condition,
and LVEF measurement is the most commonly
used evaluation method. Of the 20 studies included
in the meta-analysis, 19 reported no change in
LVEF in the CSF group, while one suggested
a reduced but normal LVEF [21]. The results of
the meta-analysis suggested that LVEF in patients
with CSF was marginally lower, but still within
normal ranges. However, LVEF was not sensitive;
therefore, normal LVEF cannot exclude impaired
LV systolic function.

Recently, GLS, measured using two-dimen-
sional speckle tracking echocardiography, was
used to detect impaired LV systolic function early
and sensitively [38]. Eight of the included stud-
ies applied GLS, and 6 studies showed reduced
GLS in the CSF group [23, 25, 30, 32-34], while
2 studies found no reduction in GLS [26, 27]. The
results suggested that GLS was reduced in CSF
patients, with a mean value of —18.2%, which was
smaller than the normal value [39]. Moreover,
2 studies used three-dimensional speckle tracking
echocardiography to describe the decreased LV
systolic function in patients with CSF [30, 33]. In
summary, LV systolic function was decreased in
patients with CSE

Research has shown that GLS is affected by
the analysis software [13]; therefore, a subgroup
analysis was performed according to TomTec and
EchoPAC. But no significant differences were

found in the GLS derived from different software,
which may be because they use similar platforms
and analysis methods.

Many cardiovascular diseases may present
with diastolic dysfunction in the early stages, which
1s related to prognosis and treatment; therefore,
assessing diastolic function has become increas-
ingly important [12]. Of the 22 included studies,
8 studies found reduced LV diastolic function in
CSF patients [15, 17, 19, 20, 25, 28, 29, 33], while
4 studies reported no change in LV diastolic func-
tion parameters [22, 26, 30, 32]. The results of the
meta-analysis indicated impaired LV diastolic func-
tion in CSF patients. According to meta-regression
analysis, LV diastolic function was affected by SBP,
DBP, and heart rate; therefore, clinical character-
istics should be considered when evaluating LV
diastolic function in patients with CSE.

Mean TFC as a quantitative indicator of coro-
nary blood flow may be a crucial factor affecting
LV function in patients with CSE. A larger mean
TFC indicates slower coronary blood flow, which
may have a greater impact on the LV function.
Five studies performed correlation analyses be-
tween the mean TFC and LV function [15, 20, 32,
33, 35], suggesting that the mean TFC is linearly
associated with LV function. The results of the
meta-analysis of correlation coefficients suggested
that LV function was more significantly impaired
with an increasing mean TFC. This may be because
slow coronary blood flow can aggravate ischemia
and hypoxia of myocardial cells and further impair
LV function. It was expected that to obtain a cut-off
value for the mean TFC would lead to significant
changes in LV function in patients with CSE. Re-
sults revealed that LV function was significantly
impaired in patients with CSF when the mean TFC
was > 39, which suggests that clinicians should pay
more attention to these patients. Further clinical
studies are required to confirm this conclusion.

The findings of the meta-analysis provide sev-
eral LV functional parameters that are altered in
patients with CSFE, which may serve as an important
basis for monitoring and assessing disease severity
in these patients. Currently, dipyridamole has been
suggested as a potential treatment for improving
LV function impairment in patients with CSF [28];
however, further research is necessary to confirm
these findings.

Limitations of the study

This meta-analysis had several limitations.
Although subgroup and meta-regression analy-
ses were performed, the heterogeneity of GLS,
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E/A, €', and E/e’ could not be entirely explained.
Moreover, the characteristics of patients with
CSF were inconsistent across studies, including
different severity of CSE, duration, and differences
in involved coronary arteries or the number of in-
volved branches, which may have had an impact on
the results. The influence on LV function between
the involvement of individual arteries or multiple
lesions in the case of CSF and cannot be quantified
due to limitations of the original research. Moreo-
ver, half of the studies did not specify the timing
of echocardiography (before or after CAG), which
prevented a more in-depth analysis. Therefore,
more high-quality, multicenter studies with large
sample sizes are required to verify the results of
this meta-analysis in the future.

Conclusions

Patients with CSF have impaired LV systolic
and diastolic function, and this impairment is aggra-
vated with increasing mean TFC. A comprehensive
and precise assessment of LV function of patients
with CSF should be performed to determine the
condition and guide clinical treatment.
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