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Relation of exercise intolerance to microvascular
dysfunction in COVID-19 recovered patients after

six months of recovery

Abstract

Aims: Our aim was to explore the relation between coronary microvascular function, as
assessed with transthoracic echocardiographic Coronary Flow Reserve (CFR) and exercise
tolerance in COVID-19 recovered patients after 6 months of recovery.

Methods: 79 patients with COVID-19 with a mean age (51£12) were recruited 6 months
after recovery. All patients underwent transthoracic echocardiographic evaluation of
coronary flow reserve (CFR). Furthermore, they underwent self-limited exercise tolerance
test (ETT).

Results: Based on the metabolic equivalents (METS), participates were stratified to
a group with exercise intolerance with METs <8 and another group with good exercise
tolerance with METs >8. Patients with exercise intolerance had significantly lower CFR
(1.8+0.3 vs. 3.1£0.5; P <0.001), Patients with reduced exercise tolerance (METs <8) had
higher E/e’ ratio and left atrial volume index when, compared to subject with METs <8
(p< 0.01). Furthermore, brain natriuretic peptide, troponin-I, hs-C reactive protein, lactic
dehydrogenase during the acuteness period were considerably elevated in recovered patients
with METs <8. Moreover, CFR had significant inverse correlations with E/e’ (r = —0.45; P
< 0.001). At multivariate analysis CFR appeared to be a sponge independent predictor of
reduced exercise tolerance (METs<8) in COVID-19 recovered patients (p<0.001)

Conclusions: The current research revealed a significant association between coronary
microvascular dysfunction and reduced exercise tolerance and diastolic dysfunction in
patients with COVID-19 six months after recovery. Fore that reason, we suggested that
microvascular dysfunction is a possible mechanism of exercise intolerance after COVID-19
recovery.

Keywords: COVID-19, coronary flow, exercise tolerance, angiotensin-converting

Volume 16 Issue 3 - 2023

Ragab A Mahfouz, Mohamed Amin, Mohamed
Arab
Department of Cardiology, Zagazig University Hospital, Egypt

Correspondence: Ragab A Mahfouz, Professor of Cardiology,
Zagazig University, faculty of medicine; Egypt, Tel +20016427671,
Fax +20552357770, Email ragabazizé | @yahoo.com

Received: May 24,2023 | Published: July 05,2023

enzyme 2

Abbreviations: ACE-2, angiotensin-converting enzyme 2;
PASC, Post-Acute Sequelae of SARS-CoV-2 Infection; RT-PCR,
reverse transcription-polymerase chain reaction; CFR, coronary flow
reserve; LAD, left anterior descending

Introduction

Various direct or indirect cardiovascular adverse events are related
to COVID-19 infection, such as myocarditis, myocardial injury,
arrhythmia, myocardial dysfunction, and venous thromboembolism.'-
Myocardial injury, ischemia or necrosis is associated with diastolic
or systolic dysfunction that results in higher mortality risk in those
patients.’> Reports showed that, nearly, twenty to thirty percent of
COVID-19 patients, who were admitted to hospitals, have cardiac
affection, as evidenced by high cardiac enzymes, which was linked
with unfavorable prognosis.*® The underlying mechanisms of many
organ involvement in COVID-19 patients are not clearly recognized.
However, of a proposed mechanism is the angiotensin-converting
enzyme 2 (ACE-2), which is widely uttered in many body systems,
as the respiratory and cardiovascular systems, vascular endothelium,
kidneys as well as gastro-intestinal tract.” Moreover, host immune
system dysregulation with augmented cytokine release and increased
inflammatory reactions.® In addition, the proinflammatory status
could lead to microvascular dysfunction and disseminate intravascular
coagulation.’

Post-Acute Sequelae of SARS-CoV-2 Infection (PASC) is defined
as a gathering of new, recurring, or insistent clinical problems
presented by subjects 4 or more weeks following SARS-CoV-2
infection. It is a wide group of cardiovascular situations that include,
but are not limited to, myocarditis and myocardial involvement,
pericarditis, new or worsening myocardial ischemia, microvascular
affections, nonischemic cardiomyopathy, thromboembolism, and
arrhythmia.'

Our rationale was to explore the underlining pathophysiologic
justification of reduced exercise tolerance in post-COVID-19
patients. We supposed that, the exaggerated inflammatory response of
COVID-19 infection may lead to coronary microvascular dysfunction.
For that, we amid to explore the relation between reduced exercise
tolerance and microvascular dysfunction in recovered COVID-19
patients

Subjects and methods

Seventy nine consecutive subjects recovering from COVID-19
after confirmed diagnosis with chest computed tomography,
laboratory information and Reverse Transcription-Polymerase Chain
Reaction (RT-PCR) of oropharyngeal swabs. We enrolled subjects
after 6 months of recovery, who presented with unexplained dyspnea
and or anginal chest pain.
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Inclusion criteria

Patients with atrioventricular conduction disturbance, non-sinus
rhythm on ECG, ventricular extra-systoles or any unstable cardiac
rhythm, a permanent cardiac pacemaker, valvular heart disease,
LVEF<50% with signs and symptoms of heart failure or LVEF > 50%
with signs and symptoms and elevated BNP, chronic rheumatic heart
disease, unstable angina or acute coronary syndrome. Moreover we
excluded patients with acute pulmonary embolism, uncontrollable
arterial hypertension, acute pericarditis or myocarditis; active
hepatitis or severe chronic liver diseases, endocarditis; intracerebral
hemorrhage, transient ischemic attack and stroke in past medical
history, chronic kidney disease, significant thyroid dysfunction,
active autoimmune problems or neoplasms and patients taking,
immunosuppressants or glucocorticosteroids.

This study was carried out according to the principles of Helsinki
Declaration. All participates gave written informed written informed
consent.

Exercise test

Participates carried out symptom[/limited treadmill exercise
testing based on the modified Bruce protocol. Development of
symptoms, development of sever hypertension or hypotension,
distressing rhythm, considerable ST Isegment changes or reaching
maximal predicted heart rate were the causes of test termination.

Exercise capacity was the workload of the subjects defined as units
of METABOLIC EQUIVALENTS (METs). Good exercise capacity
was defined as METs >8 METs, however, reduced exercise capacity
was defined as METs less than 8."
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Echocardiographic examination

Transthoracic Echocardiographic assessment was performed
using VIVID 5S (GE Healthcare Systems, Horten, Norway) with a
2.0-3.5-MHz transducer 6months after clinical recovery in patients
with COVID-19. Echocardiographic and Doppler evaluations were
performed based on the guidelines of the AMERICAN SOCIETY OF
ECHOCARDIOGRAPHY."

Modified Simpson’s method was used to calculate left ventricular
ejection fraction (LVEF%). In addition, left atrial volume index
(LAVI ml/m2), E and A wave velocities of trans- mitral flow. Tissue
Doppler imaging with to obtain mitral annular velocities e’ and a’.
Then E/e’ ratio was measured a marker of LV filling pressure.

Coronary flow reserve (CFR) assessment (Figure I)

With a high frequency transducer (5 to 7 MHz) and the guidance
of color Doppler flow mapping, the distal portion of the left anterior
descending artery (LAD) was imaged at modified apical 4 chamber
view. A 2.5mm sample volume was placed on the left anterior
descending coronary artery color-flow signal to obtain coronary flow
spectral tracing. Doppler signal was obtained at rest and the peak
diastolic velocity was recorded. Then, IV adenosine was administered
(0.14mg/kg/min) to record the hyperemic peak diastolic velocity.
The average of three peak diastolic velocities was obtained of both
at baseline and hyperemia. After that, we calculate the coronary flow
reserve as the ratio of peak hyperemic diastolic velocity over baseline
peak diastolic velocity. Coronary flow reserve less than 2.5 was
considered a microvascular dysfunction.'?
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Figure | Spectral Doppler image with of transthoracic echocardiography of coronary flow.

A- Baseline peak Diastolic Coronary Flow Velocity (Baseline PDV).

B-Hyperemic peak Diastolic Coronary Flow Velocity (Hyperemic PDV).

To determine the reproducibility of CFR, a total of 20 randomly
selected evaluations were examined twice by one investigator at a
1-week interval and once by another investigator.

Statistical analysis

Study information was presented as (mean + SD). for continuous
variables and as percentages for categorical variables. Comparison
between parametric values were evaluated with the use of independent
sample t-test, while, the nonparametric values were compared with
Mann—Whitney tests. Correlations between parametric variables
were analyzed with Pearson’s test, whilst, non-parametric variables

were tested with Spearman’s test. To evaluate the predictors of
reduced exercise tolerance in COVID-19 recovered patients, Logistic
regression analysis was used. Multivariate logistic regression analysis
included univariate variables with p<0.1. All data were analyzed with
the use of SPSS v. 22.0 for window (Chicago, USA).

Seventy-nine COVID-19 recovered subjects were stratified in
2 groups according to the metabolic equivalents (METs) with self-
limited exercise ECG. Group with reduced exercise tolerance,
included 35 (44.3%) patients with METs <8 and the other group with
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good exercise tolerance and included 44 (55.7) patients with METs
> 8. The demographic characteristics were comparable between both
groups (Table 1).

Compared with COVID-19 recovered patients with METs> 8§,
those with METs <8 had a significantly higher hs-troponin T (5.1 +
0.4versus 2.3 + 0.3 pg/dL, p<0.001), lactic dehydrogenase (513+125
versus 309.4+105 IU/L, p<0.03), brain natriuretic peptide (217«
41versus 63 £11 pg/mL, p<0.001) and hs-CRP (6.9 + 1.5versus 3.4 +
0. mg/dL, p<0.001) during their acuteness period.

With respect to CFR and echo-Doppler study (Table 2), subjects
with reduced exercise tolerance had significantly reduced CFR
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compared in comparison to patients with good exercise capacity
(1.8+0.3 versus3.1+0.5, p<0.001), figure-1. Furthermore, E/e’ ratio
(p<0.01), LAVI (p<0.01) were considerably increased in patients with
reduced exercise tolerance.

Correlation analysis (table-3) shows that METs was significantly
correlated with CFR (r=0.48, p<0.001), and negatively associated
with E/e’ ratio(r=—0.28, p<0.05) and LAVI (r=—0.31, p<0.05), hs-CRP
(r=-0.39, p<0.001), hs-troponin T (—=0.25, p<0.05) and BNP (r=—-0.31,
p<0.03). Likewise, the CFR has a significant correlation with E/e’
ratio (r =—0.45; P < 0.001) (Figure 2).

Table | Comparison between patients with COVID-19 based on their metabolic equivalents METs <8or 2 8

Variable COVID-19 recovered patients P value
<8 METs, n(35) 44.3% > 8 METs, n(44) 55.7
Age,y 52+ |1 50 +10 0.11
Men, n (%) 21(60) 28(63.6) 0.49
Body mass index (kg/m2) 26+ 3.2 259 +3.0 0.15
Smokers, n (%) 13(38.2) 18(40.9) 0.13
Hypertension, n (%) 11(31.4) 15(34.1) 0.41
Diabetes, n (%) 13(37.1) 17(38.6) 0.39
Systolic blood pressure, mmHg 129£13 127£15 0.21
Diastolic blood pressure, mmHg 798 808 0.42
Heart rate (bpm) 7310 72 +9 0.12
Blood glucose (mg/dL) 119+8 121 11 0.6l
Total cholesterol (mg/dL) 201 +33 198+ 25 0.25
Low density lipoprotein (mg/dL) 128421 125£20 0.52
High density lipoprotein (mg/dL) 41+8 45+7 0.14
Triglycerides (mg/dL) 142+38 147+43 0.33
Creatinine (mgl/dL) 1.3+0.3 1.1 +0.3 0.13
Laboratory data during acuteness period
D-dimer, mg/L 0.9+0.13 0.8+ 0.8 0.67
Brain natriuretic peptide (pg/mL) 217+ 41 6311 <0.001
hs-C reactive protein, mg/dL 69+ 1.5 3405 <0.001
hs- troponin-T, pg/dL 51+04 23+03 <0.001
Lactic dehydrogenase, [U/L 513125 309.4+105 <0.03
Ferritin, ng/mL 518 £91 392+ 46 0.19
Exercise test
Exercise duration, min 6.6%1.5 10.2+2.9 <0.001
Metabolic equivalents (METs) 5.0+1.6 10.1£2.1 <0.001
Duke treadmill score 5.1+3.9 6.7+4.3 <0.001

Table 2 Echocardiographic parameters in COVID-19 recovered patients based on METs <8 or = 8 METs

Variable

<8 METs, n (35)

LA volume index (mL/m?) 38.5+5.8
LV EF% (%) 64.516.1
E/A ratio 1.09+0.3
E/e’ ratio 13.7+3.5
Resting DCFV 26+5
Hyperemic DCFV 45£10
Coronary flow reserve 1.8+0.3

COVID-19 recovered patients P value
>8 METs, n (44)
25.4+3.9 <0.01
66.9£5.7 0.13
1.2+0.3 0.11
9.1£2.5 <0.01
24+4 0.37
75%16 <0.01
3.1%0.5 <0.001

LA: Left atrium, LV: left ventricle, LVEF: left ventricular ejection fraction, DCFV: diastolic coronary flow velocity.
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Table 3 Correlation analysis between metabolic equivalents and univariate
variables in COVID-19 patients at 6 months of recovery

r P value
Age, year -0.20 0.09
Brain natriuretic peptide -0.31 <0.03
hs- troponin | -0.25 <0.05
hs C-reactive protein mg/L —0.39  <0.003
Left atrial volume index, ml/m? -0.31 < 0.05
E/e' -028 <0.05
Coronary flow reserve 0.48 <0.001
4
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Figure 2 Correlation between E/e’ ratio and Coronary Flow Reserve of
COVID-19 recovered patients coronary flow reserve.

At Univariate analysis, CFR (<0.001), E/e’ (<0.03), LAVI
(p<0.01), hs-CRP (p<0.003), BNP (p<0.01) and hs-troponin I (p<0.01)
were independently associated with METs <8. Multivariate analysis
showed that coronary flow reserve was the strongest (p<0.001)
independent predictor of decreased exercise capacity (METs) in
COVID-19 recovered subjects. The hs-CRP during acuteness period
was also independently associated reduced exercise tolerance in those
patients (p<0.05) Table 4.

Table 4 Univariate and multivariate predictors for reduced exercise capacity
in COVID-19 patients at 6 months of recovery

Variable Univariate Multivariate

OR (95%C.I) p value OR (95%C.I) p value
Brain
natriuretic 189 (1.02-3.11) <001 135 (1.06-1.73)  0.13
peptide
he-Creactive | o5 | 49 3.05) <0003 175 (1.33-265) <0.05
protein mg/L
hs-Troponon | 1.81 (1.19-2.53)  <0.01 0.98(0.95-1.13)  0.19
Left atrial 225 (1.15-3.27)  <0.01 1.62(1.01-252)  0.09
volume index
E/e' ratio 159 (1.02-225)  <0.03 142 (0.98-1.83) 0.13
Coronary flow 3 17 (120-579) <0001 265 (1.19-4.85) <0001

reserve
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Discussion

The current research revealed that; 1) 44.3% of patients with
COVID-19 have reduced exercise capacity 6 months after recovery; 2)
reduced exercise capacity is significantly linked to microvascular and
diastolic dysfunction; 3) microvascular dysfunction is independently
associated with exercise intolerance and significantly linked to
diastolic dysfunction in those patients.

Earlier data showed that impaired microvascular function in
patients with acute viral infection were observed during the influenza
A (HIN1) pandemic. Salgado et al. reported that microvascular
function was severely impaired in subjects with critical acute lung
injury.'*

It has been supposed that microemboli and/or microvascular may
be an important pathogenic mechanism of acute coronary injury
that might occur in COVID-19 patients. Preclinical investigations
on microembolization confirmed vascular constriction, enhanced
inflammatory reaction, and significant augmentation of the levels of
tumor necrosis factor a.!?

Reports suggested that microvascular dysfunction is a potential
pathogenic mechanism underlying cardiac dysfunction in COVID-
19-positive patients. The enhanced systemic inflammatory reaction
in COVID-19-positive patients and the and the relied endothelial
impairment found to be a contributing factor microvascukar
dysfunction. Furthermore, COVID-19 could have a direct action on
micro-vasculatures, seeing that ACE-2 receptor is expressed as well
on the surface of vascular endothelium.'® Chen et al.'® showed that
cardiac peri-cytes have an elevated expression of ACE-2, therefore,
supporting the suggestion that peri-cyte injury as a result of viral
infections, might lead to capillary endothelium lining cellular injury
and microvasculature dysfunction.!’

Studies revealed that, acute cardiac injury was associated
with COVID-19 acute disease phase only. They supposed that
endothelial dysfunction and autoimmune reactions lead to massive
proinflammatory cytokine release and prothrombotic scene.
Noticeably, such pathogenic reactions associated with acute disease
phase might result in long-lasting coronary microvascular dysfunction.
These changes are usually augmenting myocardial and endothelial
damage, with a subsequent continued coronary microvascular
dysfunction. Furthermore, based on the disturbed autoimmune
reactions and variation of coronary blood flow in reaction to different
stimuli, it was hypothesized that microvascular dysfunction is present
in post-COVID-19 subjects still complaining exertional dyspnea and
or angina chest pain.'®2

Amusingly, up to 90% of subjects with COVID-19 had reduced
vascular density, entirely limited to microvasculature. Likewise,
numerous serum indicators of impaired endothelium were augmented
and linked with disease severity in patients with COVID-19.
Endothelial dysfunction); myocardial coronary arterioles and
capillaries y and preceding microthrombi due to the prothrombotic
vascular milieu were speculated to be the major players for the
existence of microvascualr dysfunction in post-COVID-19 subject.?!:*?

We found that patients with reduced exercise tolerance had higher
BNP, hs-troponin-I and hs-CRP than patients with good exercise
tolerance. The higher laboratory markers of those patients were
significantly associated with reduced CFR.

Inflammation, wusually, stimulates endothelium resulted in
overexpression of adhesion molecules, motivated by pro-inflammatory
cytokines and chemokines include interleukine-1f, tumor necrosis
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factor-a and CRP. (23) Thromboembolization behavior, reflecting
a close relation with augmented pro-inflammatory cytokines, may
result in impaired vascular endothelium and thromboembolization.
This vicious circle concerning cytokines augmentation and injury
of vascular endothelium emerged to be an important contributor
of various organs dysfunction in subjects with severe COVID-19.
Therefore, therapeutic approaches to alleviate organ inflammation and
injuries have been planned. In addition, >* > Randomised Evaluation
of Covid-19 Therapy (RECOVERY) trial demonstrated favorable
impact of corticosteroids for subjects with COVID-19 who on need
for respiratory support.® Importantly, corticosteroids, along through
mineralocorticoid receptors, interact with Renin-angiotensin in
COVID-19 patients.?’

The inflammatory burden of COVID-19 usually interacts with
epicardial fat and might provide a plausible link with microvascular
dysfunction. It was observed that, significant percentage of COVID-19
recovered patients had left ventricular diastolic dysfunction. In
addition, all biological markers of cardiac injury heart damage and
inflammation were significantly elevated.?

Puntmann et al.*> demonstrated that 78%COVED-19- recovered
patients’ increased left ventricular mass index and impaired both
ventricles functions, as assessed by MRI, regardless basic cardiac
situation and COVID-19-severety score. Furthermore, about 60% of
COVID-19 study subjects had significant increase in cardiac enzymes.
Moreover, myocardial inflammatory reaction, edematous and fibrotic
changes of the myocardium were observed as detected by atypical
native T1 and T2 results.

While the underlying pathognomic mechanisms of COVID-19
related cardiac disease are not clear, initial reports imply that regional
and all systems inflammatory reactions take part in the initiation of
new myocardial dysfunction or augmenting an existing heart disease.*

Univariate analysis revealed that left atrial volume index, left
ventricular filling, and coronary flow reserve were independent
predictors of reduced exercise tolerance in recovered COVID-19
patients. On the other hand, at multivariate analysis, CFR appeared
to be the only independent predictor of reduced exercise tolerance in
recovered COVID-19 patients.

Previous investigators reported that diastolic dysfunction was
associated with reduced VO2 peak in patients with chronic heart
failure.’'? In a previous study, we found that, as the CFR more
reduced, the E/e” more increased.® It was demonstrated that, severely
impaired diastolic function is usually correlated with lower cardiac
preload reserve. Furthermore, decreased vasodilatation reaction to
exercise is related to decreased diastolic functional reserve.**

In their study, Borlaug et al.*® demonstrated that increased arterial
stiffness was significantly associated with reduced vasodilatation
response to exercise. This relation account for blunted diastolic
functional reserve, which may be related to microvascular dysfunction.

These arguments implicate microvascular dysfunction as
underlying mechanistic factor for diastolic dysfunction and reduced
exercise tolerance in recovered COVID-19 patients and importantly
implicate ongoing inflammation post-COVID-19 infection even after.

The clinical relevant of the current study is that post-COVID-19
patients, still at higher for cardiovascular adverse outcomes in short
and long term follow-up, spite of resolved acute disease phase
reactions. For that reason, continuous monitoring of those patients is
an important issue for cardiovascular health.
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Limitations

First, small sample size. Second, single center study. Third,
younger recovered patients with COVID-19 were not recruited for
the study.

Conclusion

We found a significant association between coronary microvascular
dysfunction as evaluated by CFR and reduced exercise tolerance and
diastolic dysfunction in COVID-19-recovered patients, six months
after recovery. For that reason, we suggested that microvascular
dysfunction is a possible mechanism of exercise intolerance after
COVID-19 recovery.

Acknowledgments

None.

Conflicts of interest

Author declare there no conflicts of interest.

Funding

None.

References

1. Akhmerov A, Marban E. COVID-19 and the heart. Circ Res.
2020;126(10):1443-1455

2. Bansal M. Cardiovascular disease and COVID-19. Diab Metab Syndr.
2020;14(3):247-250.

3. Peng QY, Wang XT, Zhang LN. Using echocardiography to guide the
treatment of novel coronavirus pneumonia. Crit Care. 2020;24(1):143.

4. Zheng YY, Ma YT, Zhang JY. et al. Xie X. COVID-19 and the
cardiovascular system. Nat Rev Cardiol. 2020;17(5):259-260.

5. Shi S, Qin M, Shen B. Association of cardiac injury with mortality in
hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol.
2020;5(7):802-810.

6. Guo T, Fan Y, Chen M. Cardiovascular implications of fatal outcomes
of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol.
2020;5(7):811-818.

7. Chen L, Li X, Chen M et al. The ACE2 expression in human heart
indicates new potential mechanism of heart injury among patients
infected with SARS—-CoV-2. Cardiovasc Res. 2020;116:1097-1100.

8. Tay MZ, Poh CM, Rénia L et al. The trinity of COVID-19: immunity,
inflammation and intervention. Nat Rev Immunol. 2020;20:363-374.

9. Bikdeli B, Madhavan MV, Jimenez D et al. COVID-19 and thrombotic
or thromboembolic disease: implications for prevention, antithrombotic
therapy, and follow—up. J Am Coll Cardiol. 2020;75:2950-2973.

10. Gluckman TJ, Bhave NM, Allen LA, et al. 2022 ACC Expert Consensus
Decision Pathway on Cardiovascular Sequelae of COVID-19 in Adults:
Myocarditis and Other Myocardial Involvement, Post-Acute Sequelae
of SARS-CoV-2 Infection, and Return to Play: A Report of the
American College of Cardiology Solution Set Oversight Committee. J
Am Coll Cardiol. 2022;79(17) 1717-1756.

11. Jetté M, Sidney K, Bliimchen G. Metabolic equivalents (METS) in
exercise testing, exercise prescription, and evaluation of functional
capacity. Clin Cardiol. 1990;13(8):555-565.

12. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the
Evaluation of Left Ventricular Diastolic Function by Echocardiography:
An Update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr. 2016;29(4):277-314.

Citation: Mahfouz RA,Amin M,Arab M. Relation of exercise intolerance to microvascular dysfunction in COVID-19 recovered patients after six months of

recovery. | Cardiol Curr Res. 2023;16(3):80-85. DOI: 10.15406/jccr.2023.16.00583


https://doi.org/10.15406/jccr.2023.16.00583
https://pubmed.ncbi.nlm.nih.gov/32252591/
https://pubmed.ncbi.nlm.nih.gov/32252591/
https://pubmed.ncbi.nlm.nih.gov/32247212/
https://pubmed.ncbi.nlm.nih.gov/32247212/
https://pubmed.ncbi.nlm.nih.gov/32276598/
https://pubmed.ncbi.nlm.nih.gov/32276598/
https://pubmed.ncbi.nlm.nih.gov/32139904/
https://pubmed.ncbi.nlm.nih.gov/32139904/
https://pubmed.ncbi.nlm.nih.gov/32211816/
https://pubmed.ncbi.nlm.nih.gov/32211816/
https://pubmed.ncbi.nlm.nih.gov/32211816/
https://pubmed.ncbi.nlm.nih.gov/32219356/
https://pubmed.ncbi.nlm.nih.gov/32219356/
https://pubmed.ncbi.nlm.nih.gov/32219356/
https://pubmed.ncbi.nlm.nih.gov/32227090/
https://pubmed.ncbi.nlm.nih.gov/32227090/
https://pubmed.ncbi.nlm.nih.gov/32227090/
https://www.nature.com/articles/s41577-020-0311-8
https://www.nature.com/articles/s41577-020-0311-8
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/35307156/
https://pubmed.ncbi.nlm.nih.gov/35307156/
https://pubmed.ncbi.nlm.nih.gov/35307156/
https://pubmed.ncbi.nlm.nih.gov/35307156/
https://pubmed.ncbi.nlm.nih.gov/35307156/
https://pubmed.ncbi.nlm.nih.gov/35307156/
https://pubmed.ncbi.nlm.nih.gov/2204507/
https://pubmed.ncbi.nlm.nih.gov/2204507/
https://pubmed.ncbi.nlm.nih.gov/2204507/
https://pubmed.ncbi.nlm.nih.gov/27037982/
https://pubmed.ncbi.nlm.nih.gov/27037982/
https://pubmed.ncbi.nlm.nih.gov/27037982/
https://pubmed.ncbi.nlm.nih.gov/27037982/
https://pubmed.ncbi.nlm.nih.gov/27037982/

Relation of exercise intolerance to microvascular dysfunction in COVID-19 recovered patients after six

months of recovery

13.

20.

21.

22.

23.

Sara JD, Widmer RJ, Matsuzawa Y, et al. Prevalence of coronary
microvascular dysfunction among patients with chest pain and
nonobstructive coronary artery disease. JACC Cardiovasc Interv.
2015;8:1445-1453.

. Salgado DR, Ortiz JA, Favory R, et al. Microcirculatory abnormalities

in patients with severe influenza A (HINI) infection. Can J
Anaesth. 2010;57(10):940-946.

. Chen L, Li X, Chen M et al. The ACE2 expression in human heart

indicates new potential mechanism of heart injury among patients
infected with SARS—-CoV-2. Cardiovasc Res. 2020;116:1097-1100.

. Crea F, Montone RA, Niccoli G. Myocardial infarction with non—

obstructive coronary arteries: dealing with pears and apples. Eur Heart
J.2020;41(7):879-881.

. Heusch G, Skyschally A, Kleinbongard P. Coronary microembolization

and microvascular dysfunction. /nt J Cardiol. 2018;258:17-23.

. Bikdeli B, V Madhavan M, Jimenez D. et al. COVID-19 and thrombotic

or thromboembolic disease: Implications for prevention, antithrombotic
therapy, and follow—up: JACC state—of-the—art review. J Am Coll
Cardiol. 2020;75(23): 2950-2973.

. Ciceri F, Luigi Beretta , Anna Mara Scandroglio, et al. Microvascular

COVID-19 lung vessels obstructive thromboinflammatory syndrome
(MicroCLOTS): An atypical acute respiratory distress syndrome
working hypothesis. Crit Care Resusc. 2020;22(2):95-97.

Pellegrini D, Kawakami R, Guagliumi G, et al. Microthrombi as a major
cause of cardiac injury in COVID-19: A pathologic study. Circulation.
2021;143(10):1031-1042

Rovas A, Irina Osiaevi I, Konrad Buscher K, et al. Microvascular
dysfunction in COVID-19: The MYSTIC study. Angiogenesis.
2021;24;145-157 .

Vallbracht KB, Schwimmbeck PL, Kuhl U, et al. Endothelium—dependent
flow—mediated vasodilation of systemic arteries is impaired in patients
with myocardial virus persistence. Circulation. 2004;110(18):2938—
2945.

Zhang C. The role of inflammatory cytokines in endothelial
dysfunction. Basic Res Cardiol. 2008;103:398-406.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Copyright:
©2023 Mahfouz etal. 85

LiH, Liu L, Zhang D, et al. SARS—CoV-2 and viral sepsis: observations
and hypotheses. Lancet. 2020;395:1517-1520.

Colantuoni A, Martini R, Caprari P, et al. COVID-19 Sepsis and
Microcirculation Dysfunction. Front Physiol. 2020;11:747.

Horby P, Lim WS, Emberson JR, et al. Dexamethasone in hospitalized
patients with Covid—19 — preliminary report. N Engl J Med. 2020.

Liaudet L, Szabo C. Blocking mineralocorticoid receptor with
spironolactone may have a wide range of therapeutic actions in severe
COVID-19 disease. Crit Care. 2020;24:318.

Matthias, JL, Zakaria R, Elisabeth H-V, et al. Left ventricular
dysfunction in COVID-19: A diagnostic issue. Anaesth Crit Care Pain
Med. 2020;39(3):393-394.

Puntmann VO, Carerj ML, Wieters 1, et al. Outcomes of Cardiovascular
Magnetic Resonance Imaging in Patients Recently Recovered
From Coronavirus Disease 2019 (COVID-19). JAMA Cardiol.
2020;5(11):1265-1273.

Unudurthi SD, Luthra P, Bose JC, et al. Cardiac inflammation in
COVID-19: Lessons from heart failure. Life Sci. 2020;260:118482.

Terzi S, Sayar N, Bilsel T, et al. Tissue Doppler imaging adds incremental
value in predicting exercise capacity in patients with congestive heart
failure. Heart Vessels. 2007;22(4):237— 244.

Guazzi M, Myers J, Peberdy MA, et al. Echocardiography with tissue
Doppler imaging and cardiopulmonary exercise testing in patients
with heart failure: a correlative and prognostic analysis. /nt J Cardiol.
201;143(3):323-329.

Mahfouz RA, Gouda M, Abdelhamid M. Relation of microvascular
dysfunction and exercise tolerance in patients with heart failure with
preserved ejection fraction. J Am Coll Cardiol. 2010;56(11):845-854.

Borlaug BA, Olson TP, Lam CS, et al. Global cardiovascular reserve
dysfunction in heart failure with preserved ejection fraction. J Am Coll
Cardiol. 2010;56:845-854.

Takahashi M, Miyai N, Nagano S, et al. Orthostatic blood
pressure changes and subclinical markers of atherosclerosis. Am J

Hypertens. 2015;28(9):1134— 1140.

Citation: Mahfouz RA,Amin M,Arab M. Relation of exercise intolerance to microvascular dysfunction in COVID-19 recovered patients after six months of

recovery. | Cardiol Curr Res. 2023;16(3):80-85. DOI: 10.15406/jccr.2023.16.00583


https://doi.org/10.15406/jccr.2023.16.00583
https://pubmed.ncbi.nlm.nih.gov/26404197/
https://pubmed.ncbi.nlm.nih.gov/26404197/
https://pubmed.ncbi.nlm.nih.gov/26404197/
https://pubmed.ncbi.nlm.nih.gov/26404197/
https://pubmed.ncbi.nlm.nih.gov/20661679/
https://pubmed.ncbi.nlm.nih.gov/20661679/
https://pubmed.ncbi.nlm.nih.gov/20661679/
https://pubmed.ncbi.nlm.nih.gov/32227090/
https://pubmed.ncbi.nlm.nih.gov/32227090/
https://pubmed.ncbi.nlm.nih.gov/32227090/
https://pubmed.ncbi.nlm.nih.gov/31377808/
https://pubmed.ncbi.nlm.nih.gov/31377808/
https://pubmed.ncbi.nlm.nih.gov/31377808/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32311448/
https://pubmed.ncbi.nlm.nih.gov/32294809/
https://pubmed.ncbi.nlm.nih.gov/32294809/
https://pubmed.ncbi.nlm.nih.gov/32294809/
https://pubmed.ncbi.nlm.nih.gov/32294809/
https://pubmed.ncbi.nlm.nih.gov/33480806/
https://pubmed.ncbi.nlm.nih.gov/33480806/
https://pubmed.ncbi.nlm.nih.gov/33480806/
https://pubmed.ncbi.nlm.nih.gov/33058027/
https://pubmed.ncbi.nlm.nih.gov/33058027/
https://pubmed.ncbi.nlm.nih.gov/33058027/
https://pubmed.ncbi.nlm.nih.gov/15505098/
https://pubmed.ncbi.nlm.nih.gov/15505098/
https://pubmed.ncbi.nlm.nih.gov/15505098/
https://pubmed.ncbi.nlm.nih.gov/15505098/
https://pubmed.ncbi.nlm.nih.gov/18600364/
https://pubmed.ncbi.nlm.nih.gov/18600364/
https://pubmed.ncbi.nlm.nih.gov/32311318/
https://pubmed.ncbi.nlm.nih.gov/32311318/
https://pubmed.ncbi.nlm.nih.gov/32676039/
https://pubmed.ncbi.nlm.nih.gov/32676039/
https://pubmed.ncbi.nlm.nih.gov/32678530/
https://pubmed.ncbi.nlm.nih.gov/32678530/
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03055-6
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03055-6
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03055-6
https://pubmed.ncbi.nlm.nih.gov/32562808/https:/search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/?lang=en&q=au:%22Jacquet-Lagr%C3%A8ze,%20Matthias%22
https://pubmed.ncbi.nlm.nih.gov/32562808/https:/search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/?lang=en&q=au:%22Jacquet-Lagr%C3%A8ze,%20Matthias%22
https://pubmed.ncbi.nlm.nih.gov/32562808/https:/search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/?lang=en&q=au:%22Jacquet-Lagr%C3%A8ze,%20Matthias%22
https://pubmed.ncbi.nlm.nih.gov/32730619/
https://pubmed.ncbi.nlm.nih.gov/32730619/
https://pubmed.ncbi.nlm.nih.gov/32730619/
https://pubmed.ncbi.nlm.nih.gov/32730619/
https://www.sciencedirect.com/science/article/pii/S0024320520312352
https://www.sciencedirect.com/science/article/pii/S0024320520312352
https://pubmed.ncbi.nlm.nih.gov/17653517/
https://pubmed.ncbi.nlm.nih.gov/17653517/
https://pubmed.ncbi.nlm.nih.gov/17653517/
https://pubmed.ncbi.nlm.nih.gov/19409627/
https://pubmed.ncbi.nlm.nih.gov/19409627/
https://pubmed.ncbi.nlm.nih.gov/19409627/
https://pubmed.ncbi.nlm.nih.gov/19409627/
https://pubmed.ncbi.nlm.nih.gov/20813282/
https://pubmed.ncbi.nlm.nih.gov/20813282/
https://pubmed.ncbi.nlm.nih.gov/20813282/
https://pubmed.ncbi.nlm.nih.gov/20813282/
https://pubmed.ncbi.nlm.nih.gov/20813282/
https://pubmed.ncbi.nlm.nih.gov/20813282/
https://pubmed.ncbi.nlm.nih.gov/25673039/
https://pubmed.ncbi.nlm.nih.gov/25673039/
https://pubmed.ncbi.nlm.nih.gov/25673039/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Subjects and methods 
	Inclusion criteria  
	Exercise test 
	Echocardiographic examination 
	Coronary flow reserve (CFR) assessment (Figure 1) 
	Statistical analysis 

	Results
	Discussion
	Limitations
	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References
	Figure 1 
	Figure 2 
	Table 1
	Table 2
	Table 3
	Table 4

