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Neurology

Unusual or unexpected effect of treatment

Cognitive symptoms persisting longer than 3 months after infection, such as memory loss, or difficulties con-
centrating, have been reported in up to one-third of patients after COVID-19. Evidence-based therapeutic in-
terventions to treat post-COVID-19 symptoms (also called “Long-COVID symptoms”) have not yet been estab-
lished, and the treating physicians must rely on conjecture to help patients. Based on its mechanism of action
and its efficacy in treating cognitive impairment, as well as its good tolerability, the Ginkgo biloba special ex-
tract EGb 761° has been suggested as a remedy to alleviate cognitive post-COVID-19 symptoms. In many stud-
ies, EGb 761°® has been demonstrated to protect endothelial cells, to have potent anti-inflammatory effects,
and to enhance neuroplasticity.

Here, we report for the first time the application of EGb 761 in the therapy of post-COVID-19-related cogni-
tive deficits. Three women and 2 men, aged 26 to 59 years (average age 34.6 years), presented with concen-
tration and attention deficits, cognitive deficiencies, and/or fatigue 9-35 weeks after infection. A daily dose of
2x80 mg of EGb 761°® did not cause any detectable adverse effects, and it substantially improved or complete-
ly restored cognitive deficits and, when initially present, also other symptoms, such as fatigue and hyposmia,
within an observation period of up to 6 months.

Our observations support the hypothesis that EGb 761°® might be a low-risk treatment option for post-COV-
ID-19 patients with cognitive symptoms. Moreover, we derive recommendations for randomized controlled clin-
ical trials to confirm efficacy in that indication.

SARS-CoV-2 ¢ Cognitive Dysfunction ¢ Post-Acute COVID-19 Syndrome ¢ Neurocognitive Disorders

SARS-CoV-2 - severe acute respiratory syndrome coronavirus 2; CGIC — Clinical Global Improvement or
Change; CGIS — Clinical Global Impression Severity; COVID-19 — Coronavirus Disease 2019
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Background

The global pandemic with the SARS-CoV-2 virus started in
December 2019. The acute disease is often asymptomatic or
benign, while in certain patients, especially those with risk
factors such as advanced age, a multitude of severe symp-
toms can develop [1], which includes a plethora of neurologi-
cal symptoms [2]. Results by our own research group showed
that 83% of patients with acute COVID-19 displayed nervous
system symptoms [3]. This was recorded in both the outpa-
tient setting and the inpatient setting at approximately equal
incidences. The majority (63.4%) of neurologic symptoms oc-
curred on the first or second day of illness and were charac-
terized by the simultaneous occurrence of multiple neurologic
symptoms in nearly three-quarters of all patients. Those symp-
toms can persist long after infection, and can frequently oc-
cur even in patients with an initially mild disease course [4].
Depending on patient selection and methodology of the as-
sessment, in single studies, up to three-quarters of patients
had post-COVID-19 symptoms such as long-term fatigue or
exhaustion, up to one-third had memory dysfunction, and up
to one-quarter had cognitive deficits [5].

The reasons for frequent neurological or psychiatric post-COVID-19
symptoms are not clear and are certainly complex and depend
on many factors, including neuroinvasiveness and neurotro-
pism of SARS-CoV-2 [2]. Some evidence suggests that the virus
might cross the blood-brain barrier by damaging the endotheli-
al cell layer [2]. Moreover, it may induce neurovascular compli-
cations by inflammatory processes and endothelial dysfunction
[6]. Evidence also suggests that COVID-19 disease mechanisms
involve endothelial damage; receptors with an affinity for the vi-
ral spike protein are expressed on endothelial cells, and damage
to endothelial cells could explain much of the pathology of mul-
tiple organ dysfunctions observed in COVID-19 [7]. Not only in
acute COVID-19, but also in post-COVID-19, endothelial damage
appears to play a role. For instance, increased endothelial pro-
genitor production, which is an indicator of vascular damage, is
present in post-COVID-19 patients [8]. Besides endothelial dys-
function, they also display altered endothelial biomarkers [9].

The Ginkgo biloba special extract EGb 761® has been demon-
strated to protect epithelial cells from the kidney [10-12], ret-
ina [13,14], intestine [15], and aorta [16], to name just a few
examples. Moreover, Ginkgo extract protects the cardiovascu-
lar system, also by acting on epithelial cells; it improves the
circulation of coronary blood vessels in healthy people and
in patients with coronary heart disease [17]. Ginkgo extract
protected the olfactory neuroepithelium in a mouse anosmia
model [18]. Those findings are consistent with the assumption
that endothelial cells, which are specialized epithelial cells, tar-
geted by SARS-CoV-2, would also be protected by EGb 761°.
Indeed, EGb 761® maintains endothelial function [19], protects
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myocardial endothelial cells [20], and protects brain micro-
vascular endothelial cells [21]. Moreover, Ginkgo extract ex-
erts an anti-thrombotic effect on endothelial cells [22]. In ad-
dition, inflammatory processes may also mediate some of the
post-COVID-19 symptoms, and the anti-inflammatory activities
of EGb 761® have long been established in numerous stud-
ies [23,24]. Moreover, EGb 761®-associated improvement of
synaptic plasticity [25,26] and neurotransmission [27], as well
as the neurotrophic properties and direct antioxidant free rad-
ical scavenging properties [28] of the extract, may be benefi-
cial in post-COVID-19 induced cognitive dysfunction. To what
extent an improvement of microcirculation through the reduc-
tion of blood viscosity [29] could also contribute to the treat-
ment of post-COVID-19 remains unclear.

Although 59 trials investigating treatment of post-COVID symp-
toms have been recently registered [30], to date, no therapeu-
tic regimens have been established for such patients. However,
for the above reasons, the use of Ginkgo extract in COVID-19
infections has been suggested [24].

Here, we describe the results from the treatment of 5 patients
with Ginkgo biloba leaf special extract EGb 761°.

Case Reports

Patients and Treatment

We established a post-COVID-19 outpatient clinic with exclu-
sive care of neurological deficits in July 2021. Based on our
experience, cognitive deficits represented the main concern
for many patients, especially in terms of professional reinte-
gration but also in terms of sufficient management of daily
activities. The COVID-19 disease course was scored to be ei-
ther mild, moderate, critically, or severely affected according
the COVID-19 infection severity scale [31]. SARS-CoV-2 infec-
tion status was initially determined using commercial antibody
tests, confirmed by PCR analysis. None of the patients required
hospitalization for acute COVID-19 treatment.

From 5 outpatients who had SARS-CoV-2 infection between
December 2020 and July 2021, with later concerns about cog-
nitive dysfunction, demographic and anamnestic data were as-
sessed, as well as the neuropsychological performance using
the Montreal Cognitive Assessment (MoCA) [32] and neurolog-
ical status (Table 1). Specific neurological examinations, MRI
brain imaging, and EEG were performed according to symp-
tomatology and clinical findings.

The extent of cognitive deficits was quantified on the day of the
initial assessment using the Clinical Global Impression Severity
(CGIS) scale and the recording of change at follow-up using the
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Table 1. Demographic data and baseline neurological symptoms
from all 5 patients.

Female 60%

Average time from infection
to first outpatient visit

Autonomic dysfunction 1/5

Clinical Global Improvement or Change (CGIC) scale [33]. The
CGIS is a numerical rating scale of severity of illness, ranging
from 1 (normal, not at all ill) to 7 (among the most extremely
ill patients). The initial scales detected among the 5 patients
were 4 (moderately ill), 5 (markedly ill), and 6 (severely ill). CGIC
is a numerical rating scale of therapeutic drug effects, ranging
from 1 to 16, with 1 meaning complete or nearly complete re-
mission of all symptoms with no side effects; 5 meaning de-
cided improvement with partial remission of symptoms and
no side effects; and 16 meaning unchanged or worse, with ad-
verse effects outweighing the benefits.

Patients were given 2 x 80 mg EGb 761° daily. EGb 761®is a dry
extract from Ginkgo biloba leaves (35-67: 1), extraction solvent:
acetone 60% (w/w). The extract is adjusted to 22-27% Ginkgo
flavonoids calculated as Ginkgo flavone glycosides and 5.4-6.6%
terpene lactones consisting of 2.8-3.4% ginkgolides A, B, C, and
2.6-3.2% bilobalide and contains less than 5 ppm ginkgolic acids.
Patients were asked to sign a letter of consent to publish the data.

Individual patients
Case 1

The 33-year-old male skilled worker was infected with SARS-
CoV-2 at the end of March 2021, with a moderate disease
course. He had not been vaccinated at the time of infection.
During acute COVID infection, he mainly had headache, fever
up to 38.5°C, sore throat, hyposmia, joint and body aches, and
dry cough over a period of weeks. Hospitalization was not re-
quired. In addition to shortness of breath for about 8 weeks
after the first positive PCR test, he visited the outpatient clin-
ic for the first time on July 2, 2021 because of attention defi-
cit, CGIS value 5/7, 3-4xweekly headache symptoms with nau-
sea, fatigue, and depressed mood. The patient had a history
of insulin-dependent diabetes mellitus and transient focal
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epilepsy in 2017, which had been treated with levetiracetam
over 1 year. Cognitive symptoms limited his job activities but
did not interfere with private activities.

The neurological status showed a diminished sense of smell,
with otherwise unremarkable findings. MRI of the brain was
unremarkable, with chronic sinusitis as a secondary finding.
The EEG showed a flat curve pattern without abnormalities.
The MoCA score was 29 points. The patient could only name
9 items beginning with the letter F.

In addition to 500 mg paracetamol for headache therapy as
needed, the patient received 2x80 mg EGb 761°® per day, start-
ing on July 3, 2021. At the September 16, 2021 follow-up, the
MoCA had improved to the maximum achievable score of 30. A
substantial improvement in cognitive concerns (CGIC 05) was
reported, in addition to a decreased perception of fatigue and
an improvement in olfaction. No adverse events were reported.

Case 2

A 26-year-old woman, doctor of laws, experienced a moder-
ate course of COVID-19 in December 2020 including fever of
38°C for 3-4 days, body aches, circulatory problems, and gen-
eralized weakness for 14 days. She had not been vaccinated at
that time. Symptomatic treatment with antipyretic drugs and
pain killers was performed at home. However, she had persis-
tent fatigue symptoms and attention disturbance (CGIS 4/7),
as well as transient worsening of the previously known mi-
graine symptoms between March and June 2021. She mainly
reported difficulties due to attention deficits in her daily job
activities as a lawyer. On August 20, 2021, the patient first pre-
sented herself at the outpatient clinic. The neurological status
also showed hyposmia. Otherwise, no objective abnormalities
were detected. The MoCA score was 30.

After the administration of 2x80 mg EGb 761® in combination
with 2x500 mg/d ascorbic acid starting on August 21, 2021,
there was a significant improvement in concentration and a de-
crease in fatigue as early as October 9, 2021. The MoCA score
remained unaltered at its maximum value of 30. According to
a telephone follow-up after 3 months (January 8, 2022), con-
centration deficits had completely regressed (CGIC 01), and
the medication was well tolerated.

Case 3

A 32-year-old woman trained as Bachelor for Arabic linguistics
had mild COVID-19 in February 2021, including tension head-
ache, tiredness, dull muscle pain, and sweating at night with-
in the first 2 days, which was treated at home. She had not
received a vaccination against SARS-CoV-2. On clinical-neu-
rological examination on July 21, 2021, she presented with
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pre-existing left Horner’s syndrome and birth-related brachi-
al plexus weakness. Concentration and attention deficits were
substantial (CGIS 4/7) in family activities only, as she did not
work during the time of COVID infection.

An MRI of the brain was unremarkable and the MoCA test re-
sult was 29 points. The repetition of 5 words after an interval
of 1 min resulted in 1 missing word. The patient started on July
22, 2021 with 2x80 mg of EGb 761° daily. At the November
2021 follow-up, a marked improvement in cognitive deficits
was documented (CGIC 05). The MoCA score increased to a
value of 30. No adverse events were reported.

Case 4

A 26-year-old woman, master of journalism and working as
freelance journalist, with 1 mRNA SARS-CoV-2 vaccination in
June 2021, was infected with SARS-CoV-2 in July 2021 (prior
to a planned second immunization) with a moderately severe
disease course. She had hoarseness, painful swallowing, some
shortness of breath and cough, and intense tiredness. She did
not receive a booster vaccination. On September 10, 2021, she
presented to our outpatient clinic. In addition to arterial hy-
potension with circulatory disturbances, position tremor, au-
tonomic dysfunction, the patient suffered in particular from
cognitive deficits with impaired concentration and attention,
CGIS 4/7, and rapid fatigability. Before developing COVID-19,
the patient was treated for depression with sertraline 50 mg
1-0-0, to which she had responded well, and treatment was
continued throughout the observation period.

The clinical-neurological status was unremarkable. However,
neuropsychological testing with the MoCA resulted in 24 points,
which is below the suggested cut-off [32]. Clock-drawing test
resulted in 3 of 5 possible points and only 2 of 5 words were
recalled correctly after a period of 5 min. The patient was not
able to do her work duties, and also asked for support in per-
forming daily activities at home, such as shopping and cooking.

The patient received symptomatic therapy for orthostatic dys-
regulation (3x7 drops Midodrin hydrochlorid/d~183 mg/d) in
addition to 2x80 mg/d EGb 761°®.

At the follow-up examination on November 29, 2021, the MoCA
score had improved to 28 points, and there was a significant
improvement in the concentration disorder and also a reduc-
tion in fatigability, with no adverse effects as assessed by the
CGIC rating (score of 5).

Case 5

A 59-year-old man working as commercial artist had a severe
course of COVID-19 in March 2021, with fever above 38°C over
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a 2-week period and marked shortness of breath with general-
ized muscle weakness over several weeks. No ventilation was
required, and the patient was treated at home. He had not
been vaccinated against SARS-CoV-2. Post-COVID-19 symp-
toms persisted until initial assessment on July 14, 2021. At
that time, he had moderate depression, fatigue, a low thresh-
old irritability, and cognitive deficits interfering with job activ-
ities, and CGIS was 4/7. Neurological status showed hyposmia
with otherwise unremarkable findings. The MoCA score was
30 and the DemTect score was 18.

At initial assessment, a purely antidepressant therapy with 20
mg Escitalopram/day as well as an herbal preparation in the
evening to promote sleep — 1 capsule of “Relaxum”/d, con-
taining extracts of lemon balm (90 mg), hops (28 mg), valerian
root (100 mg), passionflower (100 mg) — was administered. At
the first follow-up after 6 weeks, significant improvement of
the depressive episode, fatigue, irritability, and olfactory dis-
turbance was observed. However, the cognitive and attention
deficits remained unchanged. Vitamin C (2x500 mg/d) and
2x80 mg/d EGb 761® were thus prescribed in addition with
continued antidepressant therapy.

At an additional check-up 6 weeks later, he had a continued

stable mood, almost complete improvement of cognitive def-
icits without adverse effects, and CGIC 01 was observed.

Discussion

Under EGb 761° treatment, among the 5 patients described
here (data summarized in Table 2), 3 experienced a partial re-
mission of their post-COVID-19 cognitive impairment (CGIC 5),
while 2 showed a nearly complete remission of all cognitive
symptoms (CGIC 1). None of the patients had any adverse
effects of EGb 761® treatment. Moreover, neuropsychiatric
symptoms and hyposmia also improved in several instances.

The present data suggest that symptomatic treatment of cog-
nitive performance deficits in the context of post-COVID-19
with EGb 761® may be of substantial therapeutic help. This is
plausible based on the known mechanisms discussed above.

Our patients reported concentration and attention deficits dur-
ing everyday activities. During treatment, the MoCA test result
increased by 4 points to a score of 28 in patient 4. In all other
cases, the test score was close to or at the maximum achiev-
able value of 30. Although clear subjective cognitive concerns
were present before treatment, this deficit was in most cases
not detectable using the MoCA or DemTect. This experience
suggests that those tests are not sufficiently sensitive to be
used as a screening tool for post-COVID-19-related cognitive
disturbances, unless the symptoms are very severe.
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To that end, a recent publication provided evidence for cog-
nitive tests more amenable to detect post-COVID-19 symp-
toms [34], in which 401 patients who were infected with SARS-
CoV-2 aged 51 to 81 years showed several findings related to
the cognitive changes described in this study. It was shown that
at an average time of 141 days between the first brain scans
and the second examination, after SARS-CoV-2 infection, sig-
nificant effects were evident compared with subjects without
infection. These included a greater reduction in gray matter in

Table 2. Overview of the findings.

the orbitofrontal cortex and parahippocampal area compared
with the control group. Furthermore, greater changes in the pri-
mary olfactory center and an overall greater reduction in brain
size were also observed. The detailed neuropsychological ex-
aminations also showed a loss of cognitive abilities. That result
could also be reproduced a period when only COVID-19 indi-
viduals who were not hospitalized were included. In the neu-
ropsychological tests, the “Trail Making Test” proved to be par-
ticularly helpful. Thus, while memory tests were not sufficiently

Patient 1 Gender, age

Approximate time to first outpatient visit after
COVID-19 infection

Initial complaints and result of initial cognitive
testing

Initial COVID-19 symptoms and result of initial
cognitive testing

Initial COVID-19 symptoms and result of initial
cognitive testing

Approximate time to first outpatient visit after
COVID-19 infection

Result at follow-up

Male, 33 y

Marked attention deficit, headaches, nausea,
depression, hyposmia; CGIS value 5/7; MoCA 29

Substantially alleviated cognitive complaints and
fatigue; improved hyposmia, CGCI 05, MoCA 30

35 weeks

Fatigue; Attention disturbance; worsening of migraine;
hyposmia; CGIS 4/7; MoCA 30

Substantially improved cognitive deficits (CGIC 05).
MoCA 29
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Patient 4 Gender, age

Initial COVID-19 symptoms and result of initial
cognitive testing

Approximate time to first outpatient visit after
COVID-19 infection

Initial COVID-19 symptoms and result of initial
cognitive testing

Approximate time to first outpatient visit after
COVID-19 infection

Result at second follow-up

26, female

Besides hypotension with circulatory disturbance,
serious cognitive deficits and fatigue

Continued treatment with Sertralin started already
before infection; Midodrin hydrochlorid (~3x61 mg/d)

improved concentration and fatigue (CGIC 05; MoCA
improvement by 4 points to 28)

Cognitive deficits; moderate depression; irritability;
hyposmia

No change in cognitive deficits; improvement in
depression, fatigue, irritability, hyposmia

Complete remission of cognitive symptoms (CGIC 1);
continued stable mood; MoCA 30

sensitive, attention and concentration deficits could be objec-
tified. That report encompassed data from when the viral al-
pha variant was prevalent. To what extent this correlates with
the now-current omicron variant remains to be determined.
In the context of the cases presented here, patients with both
the alpha variant and the delta variant have been described.

Patient 1, who also had hyposmia, regained his sense of smell
during treatment. That observation is consistent with previous
studies in which Ginkgo extract alleviated loss of olfaction due to
viral infection [35,36]. In contrast, in healthy young adults without
olfactory impairment, Ginkgo extract did not improve the sense
of smell [37]. Possibly the already mentioned well-documented
circulation-enhancing, antioxidant effect and the effect on brain
adaptability (neuroplasticity) of Ginkgo extract, including in the
olfactory brain [38] makes such an effect plausible. Furthermore,
preclinical studies suggest that Ginkgo leaf extract may promote
regeneration of the damaged olfactory sense [18,39,40].
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Patient 5 showed an improvement of the depressive mood
and impulse disturbance under general symptomatic therapy
measures, but no improvement of the attention deficit. That
improvement only occurred when treatment was supplement-
ed with 160 mg EGb 761°.

Whereas most clinical trials demonstrating efficacy and safety
of EGb 761® have been performed with older patients, here,
successful treatment was shown with patients as young as 26
years. While it would be premature to assume that EGb 761®
would be effective as a neuroenhancer in young, healthy people,
it may be beneficial in the challenged brain, regardless of age.

In recent trials, 240 mg/d of EGb 761® has usually been
used [41]. Whether an even stronger effect of the medication
can be observed when higher doses than the 160 mg/d used
in those 5 post-COVID-19 cases remains to be seen.
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Figure 1. The COVID-19 pandemic left many patients with long-lasting cognitive or psychiatric symptoms. Here, we report a
substantial alleviation of those symptoms in 5 patients after treatment with Ginkgo extract EGb 761°. Indicated below

the Ginkgo leaf is the structure of bilobalide B, a terpene lactone which is one of several hundred compounds present in
EGb 761°®. Drawing by Ulrike Moltgen.
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A big concern is that many post-COVID-19 patients, as in our
study, bear their symptoms for many months before they make
an appointment with a physician. Treatment might be more ef-
fective if it was started at the start of the disease rather than
when cognitive and psychiatric symptoms have been estab-
lished for months.

Our results are consistent with theoretical considerations sug-
gesting that the use of EGb 761® is a promising therapeu-
tic intervention for cognitive deficits in patients with post-
COVID-19 conditions.

Conclusions

In a consecutive series of 5 cases, we observed clear and rap-
id improvement or complete regression of post-COVID-19 cog-
nitive deficits during administration of EGb 761° (Figure 1). In
many patients, at least some aspects of post-COVID-19-relat-
ed cognitive impairment subside over time [42]. Thus, from a
case series it is not clear which aspects of the recovery were
due to the pharmacologic effects of EGb 761®. On the other
hand, the fact that the cognitive deficits had been persisting
for quite some time and were alleviated soon after EGb 761°
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was given suggests that a controlled clinical trial testing EGb
761%® in the treatment of post-COVID-19 symptoms is warranted.

Furthermore, this case series shows that the MoCA only de-
tects cases of clinically severe cognitive impairment in post-
COVID-19 patients. Thus, for clinical assessment of cognitive
post-COVID-19 symptoms, more sensitive neuropsychological
tests should be used, which also address fatigue.

To treat patients with post-COVID-19-associated cognitive defi-
cits, evidence-based therapeutic options have not yet been es-
tablished. In light of the good tolerability and low interaction
potential with other drugs, the use of EGb 761® at a daily dose
of at least 160 mg is a therapeutic option to be considered.
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