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Background: Case series have reported persistent cardiopulmonary symptoms, often
termed long-COVID or post-COVID syndrome, in more than half of patients recovering
from Coronavirus Disease 19 (COVID-19). Recently, alterations in microvascular
perfusion have been proposed as a possible pathomechanism in long-COVID
syndrome. We examined whether microvascular perfusion, measured by quantitative
stress perfusion cardiac magnetic resonance (CMR), is impaired in patients with
persistent cardiac symptoms post-COVID-19.

Methods: Our population consisted of 33 patients post-COVID-19 examined in Berlin
and London, 11 (33%) of which complained of persistent chest pain and 13 (39%)
of dyspnea. The scan protocol included standard cardiac imaging and dual-sequence
quantitative stress perfusion. Standard parameters were compared to 17 healthy
controls from our institution. Quantitative perfusion was compared to published values
of healthy controls.

Results: The stress myocardial blood flow (MBF) was significantly lower [31.8 ± 5.1 vs.
37.8 ± 6.0 (µl/g/beat), P < 0.001] and the T2 relaxation time was significantly higher
(46.2 ± 3.6 vs. 42.7 ± 2.8 ms, P = 0.002) post-COVID-19 compared to healthy controls.
Stress MBF and T1 and T2 relaxation times were not correlated to the COVID-19
severity (Spearman r = −0.302, −0.070, and −0.297, respectively) or the presence
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of symptoms. The stress MBF showed a U-shaped relation to time from PCR to CMR,
no correlation to T1 relaxation time, and a negative correlation to T2 relaxation time
(Pearson r = −0.446, P = 0.029).

Conclusion: While we found a significantly reduced microvascular perfusion post-
COVID-19 compared to healthy controls, this reduction was not related to symptoms or
COVID-19 severity.

Keywords: CMR, COVID-19, microvascular disease, quantitative perfusion, long COVID-19 syndrome

INTRODUCTION

Case series have reported persistent cardiopulmonary symptoms,
often termed long-COVID or post-COVID syndrome, in more
than half of patients recovering from COVID-19 (1–3). The
underlying pathology may include myocardial and endothelial
abnormalities due to the virus or activation of the immune
and coagulation systems. Several cardiac magnetic resonance
(CMR) imaging studies have found alterations in functional and
tissue parameters without relation to symptoms (4). Recently,
alterations in microvascular perfusion have been proposed as a
possible pathomechanism in long-COVID syndrome (5).

We examined whether microvascular perfusion, measured by
quantitative stress perfusion CMR, is impaired in patients with
persistent cardiac symptoms post-COVID-19.

METHOD

Our population consisted of 33 patients post-COVID-19
examined in Berlin and London, 11 (33%) of which complained
of persistent chest pain and 13 (39%) of dyspnea. The study was
approved by the Local Ethics Committees (DRKS 00021688).
The COVID-19 severity was assessed according to the WHO
COVID-19 Clinical Management Guidance (6). The data from
17 healthy controls for T1 and T2 relaxation times were taken
from unpublished data from our institution (DRKS 00013253).
The stress agent used was adenosine in 13 and regadenoson
in 20 patients. To adjust for the higher stress heart rate
under regadenoson compared to adenosine, the myocardial
blood flow (MBF) per heartbeat was calculated. For stress MBF
per heartbeat, no normal values exist for the 3.0T Philips
scanners. The published values for a 1.5T Siemens scanner
were used (7).

All scans of patients were performed on the Philips Ingenia
3.0T scanners according to recent recommendations for CMR
in patients post-COVID-19 (8). The scan protocol included
standard cardiac imaging and dual-sequence quantitative stress
perfusion (9, 10). Exemplary MBF maps of patients with high and
low MBFs are shown in Figures 1A,B, respectively.

RESULTS

The median age of the 33 post-COVID-19 patients was 51 years
(interquartile range, IQR 42–58) with 52% being women. The
symptoms at time of CMR were chest pain (33.3%), dyspnea

(39.4%), fatigue (42.4%), and arrhythmia (6.1%), with any of
the above in 57.6% of the patients. The median age of the 17
healthy controls for T1 and T2 relaxation times was 24 years
(IQR 21–25) with 50% being women. The median time between
the first positive PCR for COVID-19 and the CMR exam was
2 months (IQR 1–5).

One patient was excluded from MBF per heartbeat analysis
due to atrial fibrillation with varying heart rates. T2 relaxation
times were available for 25 patients. The heart-rate adjusted stress
MBF was significantly lower [31.8 ± 5.1 vs. 37.8 ± 6.0 (µl/g/beat),
P < 0.001] and the T2 relaxation time was significantly higher
(46.2 ± 3.6 vs. 42.7 ± 2.8 ms, P = 0.002) post-COVID-
19 compared to healthy controls (Figures 1C,D). Stress MBF
and T1 and T2 relaxation times were not correlated to age
(r = 0.233, 0.040, and 0.009, respectively), COVID-19 severity
(Spearman r = −0.302, −0.070, and −0.297, respectively), or
the presence of symptoms (Figures 1D,E). The stress MBF
showed a U-shaped relation to time from PCR to MRI, no
correlation to T1 relaxation time, and a negative correlation
to T2 relaxation time (Pearson r = −0.446, P = 0.029)
(Figures 1F–H).

One patient with a history of myocarditis showed non-
ischemic late gadolinium enhancement (LGE) consistent
with subsided myocarditis. No patient showed myocardial
edema and no patient fulfilled the updated Lake Louise
criteria for acute myocarditis based on the CMR examination
(11). One patient had focal pericarditis. Five patients had
a stress-induced regional perfusion deficit, four of which
were consistent with coronary artery disease and one with
microvascular dysfunction in the presence of left ventricular
hypertrophy. Excluding the five patients with regional ischemia
did not significantly alter the mean stress MBF [32.7 ± 5.0
(µl/g/beat), P = 0.005 vs. controls] or T2 relaxation time
(45.7 ± 2.8 ms, P = 0.004 vs. controls). Interestingly, the stress
MBF was not correlated to clinical symptoms or severity of
COVID-19.

DISCUSSION

A recent study evaluated the relationship between symptoms and
functional alterations in hospitalized COVID-19 patients. The
findings demonstrated that while 10 months after discharge from
a hospital stay due to COVID-19 the percentages of patients with
symptoms were high, those symptoms could not be attributed to
altered lung function or physical capacity (12).
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FIGURE 1 | Quantitative dual-sequence myocardial stress perfusion in patients who recovered from COVID-19. (A,B) Examples of quantitative perfusion maps of
stress myocardial blood flow (MBF) (ml/min/g) before heart rate correction for a patient with high [(A), median 4.1 ml/g/min]; and low [(B), median 1.8 ml/g/min]
perfusion values. (C) Stress MBF (µl/g/beat) in post-COVID-patients compared to healthy controls. (D) Quantitative MRI parameters by symptoms and COVID-19
severity. (E–H) Stress MBF by initial COVID-19 severity (E), time from PCR to CMR, T1 (G) and T2 (H) relaxation times (ms) and the presence of chest pain at the
time of cardiac magnetic resonance (CMR) imaging. †Data from Vasu et al. (7). *Statistically significant (P < 0.05).

In conclusion, while we found reduced microvascular
perfusion post-COVID-19 compared to external, non-age-
matched healthy controls, this reduction was not related
to symptoms and COVID-19 severity. However, a potential
temporary decrease in coronary microvascular perfusion might
be linked to potentially affected endothelial function also in other
organ regions and therefore might play a role in the symptoms
described by the patients months after COVID-19.

LIMITATIONS

A significant limitation is the use of external normal values
for stress MBF per heartbeat from a single study of 15
healthy volunteers with a median age of 21 years, scanned
on a scanner of different field strengths from a different
vendor. While a confounding effect of age and comorbidities
is possible, stress MBF per heartbeat was not related
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to age or the presence of a regional perfusion
deficit in our dataset.

Further studies, including age-adjusted normal values and
serial measurements of patients with hampered MBF in relation
to clinical findings, are needed to better define the long-COVID
syndrome and establish a causal relationship to reduced MBF.
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