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Abstract: Previous publications have discussed the occurrence of intracerebral hemorrhages, halluci-
nations and psychosis in COVID-19 patients. In this article, we have reviewed the literature on the
subject while depicting the case of a 63-year-old female patient who suffered from an intracerebral
hemorrhage in the right basal ganglia and thalamus two weeks after a COVID-19 diagnosis and who
developed a visual hallucinosis shortly after. We concluded that, while there may be a correlation
between COVID-19 and hallucinations according to current literature, more research is yet needed
to clarify. In our case, we rather interpreted the hallucinations in the context of a peduncular hal-
lucinosis related to the intracerebral hemorrhage. We compared our patient’s lesion localization to
other 15 reported cases of peduncular hallucinations following intracerebral hemorrhages reported
on Pubmed. In summary, the lesions were localized in the pons in 52.9% of the cases, 17.7% were
in the thalamus and/or the basal ganglia, 17.7% in the mesencephalon and respectively 5.8% in the
temporal and occipital lobe. The distribution pattern we found is consistent with the previously
proposed mechanism behind peduncular hallucinations.

Keywords: peduncular hallucinosis; intracerebral hemorrhage; COVID-19; psychosis

1. Introduction

Hallucinations are defined as sensory perceptions in the absence of a corresponding
external stimulus [1,2]. This scientific and rather dry understanding of hallucinations
reflects little of the magic that surrounded visions and voice hearing in other cultural
context throughout the history of mankind, as depicted beautifully in various mythologies
and religious scriptures.

The concept of hallucination as a manifestation of a medical condition dates back to the
17th century, when the French physician François Fernel first used the word “hallucination”
in his book “la pathologie” to describe visual alterations due to various afflictions of the
cornea [3]. The first “modern” definition of hallucinations covering different sensory
modalities was formulated in 1817 by the French Psychiatrist Jean-Etienne Esquirol [4,5].

As the definition of the word evolved over the centuries, so did our understanding of
this phenomenon’s importance in neuropsychiatric disorders. Hallucinations are nowa-
days an indispensable part of modern psychopathological nomenclature [2]. Along with
other psychotic symptoms, they can be found in multiple neuropsychiatric conditions
like dementia, delirium and schizophrenia [6], but also in infectious diseases like viral
encephalitis [7]. The coronavirus SARS-Cov-2, which has been in the focus of research
interest since the recent outbreak 2019/2020, has also been found to target the brain [8],
provoking neuropsychiatric complications in 22.5% of COVID-19 patients [9]. A causal
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relationship between psychosis and c infections has been discussed in the past and is still
the object of controversial debates [9–11].

It is in light of this debate that we now present the case of a 63-year-old female
patient who developed an intracerebral hemorrhage and psychotic symptoms with visual
hallucinations while suffering from a severe pneumonia following a SARS-CoV-2-infection.
Based on our case report and the existing literature, we will briefly discuss the clinical
features of and the possible mechanism behind COVID-19 related intracerebral hemorrhage,
psychosis, hallucinations and a case-related selection of differential diagnoses.

2. Case History

The 63-year-old right-handed female patient was initially sent to the emergency room
by her family doctor with a suspected pulmonary embolism after having suffered from dys-
pnea and edema in the legs for 3 days prior to hospitalization. Physical examination showed
signs of venous congestion. Her blood test showed a hypopotassemia (2.9 mmol/L), ele-
vated CRP, bicytopenia with low thrombocytes and erythrocytes, elevated d-dimers and
elevated liver enzymes as well as an INR-elevation up to 1.46. A CAT-scan showed an
atypical left basal lobar pneumonia with right sided dorso-basal pleural effusions and a
cardiomegaly. Further diagnostic also revealed a Child–Pugh A liver cirrhosis with an
umbilical bypass circuit, which after exclusion of other differential diagnoses was ascribed
to regular alcohol consumption. The patient was put under treatment with vitamin B1, B12
and folic acid, though now substrate deficiency could be objectified.

A few days after admission, the patient developed a delirium that was attributed
to alcohol withdrawal and successfully treated with lorazepam. Following two initial
negative tests, a third smear PCR confirmed the suspected COVID-19 diagnosis a week
after hospital admission. Shortly after, the initially displayed slight respiratory insufficiency
objectified by blood gas analysis worsened and had to be compensated with up to 6 L
of oxygen per minute in order to maintain the saturation above 90%. The patient was
therefore transferred to the ICU, where she was intubated for ventilation and later on
received a tracheotomy.

On the 14th day of hospitalization, she suddenly developed an anisocoria and a right
sided hemiparesis. The MRI showed an acute intracerebral hemorrhage in the right-sided
basal ganglia and thalamus (Figure 1). The source of the bleeding could not be determined,
nor did the images present any vascular malformation. A coagulation analysis showed
increased D-Dimer-levels (3874 ug/L), low platelets (83 G/L), a prolonged prothrombin
time with an INR of 1.23 and a slightly elevated level of fibrinogen (4.06 g/L). A lumbar
cerebrospinal fluid analysis showed a slight pleocytosis (7 M/L) as well as elevated protein-
(3.06 g/L) and glucose (4.83 g/L) levels. SARS-CoV-2-RNA could not be objectified.

The patient was treated by EVD-implantation and transferred to neurorehabilitation
six weeks later. At the time, she presented a left-sided hemiparesis and a left-sided mul-
timodal neglect. While her orientation was intact in all qualities, she showed important
mnestic deficits that she compensated through confabulations. She also presented formal
thought disorders including perseverations, semantic paraphasia and distractible speech
embedded in a general psychomotor slowdown. During neurorehabilitation she recur-
rently reported vivid visual hallucinations in the shape of animals (a white, black and
brown spotted cat walking around in her room, ants crawling up the wall) as well as people
(her granddaughter wearing a bright blue dress). The hallucinations were not perceived as
threatening, though the patient could not always identify them as hallucinations. She also
recurrently mistook the personnel for family members. This initial delusional misidenti-
fication later evolved into an intense feeling of familiarity. The patient, a former teacher,
subsequently assumed that the nurses were former students of hers. At times, she also
claimed to feel that her husband was waiting for her on the ward, right outside of her room.
Since the symptoms did not disturb the patient and did not interfere with the rehabilitation,
we refrained from giving an antipsychotic medication.
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Figure 1. Cranial MRI one day after ICH diagnosis. (A) Diffusion weighted imaging (DWI) with b = 1000 s/mm2;
(B) Susceptibility weighted imaging (SWI); (C) T1-weighted MRI; (D) T2-weighted MRI. Partially diffusion-restricted,
T2-inhomogenous, T1-iso-/-hyperintense intracerebral hemorrhage within the right basal ganglia with subsequent midline
shift and compression of the right lateral ventricle and of the third ventricle (not included in the pictures). The susceptibility
artifact in picture (B) (left side, fronto-temporal) is related to the EVD-implantation. In the same picture, a significant blood
collection can be seen in the occipital horn of the left lateral ventricle. Microbleeds could not be objectified.

3. Discussion
3.1. COVID-19 Related Intracerebral Hemorrhage—or Not?

According to a study by Mao et al. [12], intracerebral hemorrhages (ICH) have been
observed in only 0.4% of the sampled COVID-19 patients. Beyond this study, the data avail-
able on the incidence of ICH occurring in COVID-19 is scarce, with a high heterogeneity
across publications [13–16]. The few reported cases seem to share clinical features. In a case
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series, Benger et al. [17] pointed out, that the patients who developed an ICH following
COVID-19 are relatively young compared to average ICH-patients (41–64 years [17] vs.
60–80 years in average population [18]), had elevated d-dimers (1420–7580 ng/mL), a
history of hypertension and no vascular malformation in MRI [17]. Unlike in our patient
though, the hemorrhages reported in the case series were mostly superficial with only one
out of five patients showing deep-structure bleedings [17]. A recently submitted review
of 123 COVID-19 cases with neurological events suggests a different distribution pattern
though. Parsons et al. [19] found a linear distribution pattern of these events, including
microbleeds, radiating from the cerebellum and the basal ganglia towards other central
nervous system structures [19]. Considering the association between microbleeds and
spontaneous ICH [20,21], the latter might be more frequent within deep structures in
COVID-19 patients than suggested in the case series by Benger et al. [17].

The presumed cell-invasion mechanism of SARS-COV-2 via the endothelial ACE2-
receptor found in many organs including the brain [22–24] supports the thesis of a correla-
tion between COVID-19 and ICH. By adhesion, the virus lowers the anti-inflammatory and
anti-oxidative effect conveyed by the receptor [23]. In patients with chronic conditions like
diabetes or hypertension, this combination of additional oxidative stress, inflammation,
hypertension and the damage to the blood-brain-barrier following the budding of new
viruses could indeed hypothetically lead to hemorrhages within the cerebral tissue [25,26].
Ultimately though, the evidence at hand does not suffice to state a correlation between
COVID-19 and ICH. In our case, considering the patients history, other causes of ICH,
like hypertension or hepatic coagulopathy, should be considered. The laboratory results
(elevated INR, the elevated liver enzymes, low thrombocytes), the lack of microbleeds as a
sign of chronic hypertensive encephalopathy as well as the lack of objectified hypertensive
emergencies during hospitalization prior to the bleeding makes an association to the liver
cirrhosis with a subsequently impaired coagulation cascade seem likely.

3.2. Visual Hallucination and Intracerebral Bleeding: A Portrait of Peduncular Hallucinosis

Structural damage of the brain (e.g., trauma, stroke, bleeding or tumor) can lead to
various syndromes involving visual hallucinations. Some of these syndromes are defined
by the context in which the hallucinations appear. Charles-Bonnet-Syndrome, for instance,
refers to visual hallucinations in patients with partial visual field defects; Anton-Babinski-
syndrome involves confabulations in patients with bilateral cortical blindness. Vivid
visual hallucinations without visual impairment, as described in our case, are typical in
peduncular hallucinosisb [6]. These can result from various conditions affecting the brain
including autoimmune, infectious, oncological and vascular pathologies, but are most
commonly associated with stroke [27]. The hallucinations usually start a few days after
the event, lasting from several minutes up to several hours, and may fade away after
a few weeks. In some cases though, they persist over several years [5]. They typically
consist in vivid and colorful representations of people and animals, sometimes deformed
or miniaturized (Lilliputians). Most patients have insight in the hallucinatory nature of the
scenes. The hallucinations are often associated with sleep disturbances [5].

The name hallucinose pédonculaire (French for peduncular hallucinosis) was first pro-
posed in a publication by Van Bogaert in 1927 [28]. While the historical name persisted
and is still nowadays commonly used in literature, new cases reported throughout the
past century showed that the phenomenon is not limited to peduncular lesions but can be
found in various brain lesions.

We conducted a research on reports of patients experiencing visual hallucinations
after cerebral hemorrhages in order to determine the common locations of the lesions in
patients with ICH-associated peduncular hallucinosis (Figure 2). We searched the PubMed
library using the terms ‘Peduncular’ ‘hallucinosis’ ‘intracerebral’ ‘hemorrhage’ (seven results)
and ‘cerebral’ ‘bleeding’ ‘visual’ ‘hallucination’ (73 results).
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Figure 2. Pubmed research.

We included free access publications in English depicting cases of patients presenting
visual hallucinations following cerebral hemorrhage and mentioning the location of the
lesion including the side. When available, English abstracts of publications in other
languages were included if they met the inclusion criteria. One case with a history of
brain tumor was discarded due to the extensive brain damage depicted in the case [29].
We also discarded cases with hallucinations with Charles–Bonnet syndrome and cases of
subarachnoid hemorrhage, since the hallucinations described are presumed to be associated
with delayed cerebral ischemia rather than with the bleeding itself [30]. We found 16
sufficiently documented cases in the publications listed below (Table 1).

Table 1. Distribution of the lesions in cases of intracerebral hemorrhage-related peduncular halluci-
nosis (n = 17).

Localization Right Left Bilateral Total

Mesencephalon
(+internal capsule in 1 case) 2 [31,32] 1 [33] / 3 (17.7%)

Thalamus/basal ganglia 2 [34], current case 1 [35] / 3 (17.7%)

Occipital lobe 1 [36] / / 1 (5.8%)

Pontine 3 [37] 1 [33] 5 [37] 9 (52.9%)

Temporal lobe 1 [38] / / 1 (5.8%)

The lesion pattern we found is consistent with the presumed mechanism behind
peduncular hallucinosis described by Manford and Andermann [39] in their review on
complex visual hallucinations. According to their model, structural or functional damage
of afferent serotonergic inhibitory pathways issued from the raphe nuclei may indirectly
increase the effect of the excitatory input issued from the pedunculopontine tegmental
nucleus (PPTN) towards supratentorial structures involved in the processing of visual
information, notably thalamic structures (thalamic reticular nucleus, lateral geniculate
node), primary visual and visual association cortices. As part of the reticular activating
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system, the PPTN is subject to spontaneous excitatory outbursts that, with the loss of the
filtering inhibition conveyed by the raphe nuclei, might manifest themselves as visual
hallucinations (Figure 3A,B). These pathways also seem to play an important role in the
transition between sleep stages, which would explain the sleep disturbances often found in
peduncular hallucinosis.

1 
 

 
Figure 3. (A) Anatomy of the structures presumably involved in peduncular hallucinosis and (B) distribution pattern of
intracerebral hemorrhages in intracerebral hemorrhage-related peduncular hallucinosis.

3.3. COVID-19, Psychosis and Hallucinations

An association between exposure to coronaviruses and psychotic symptoms has
already been suggested in 2011 by Severance et al. [11].The recent interest in coronaviruses
following the COVID-19 pandemic brought up numerous new publications on potential
neuropsychiatric complications.

One of these studies, published in August 2020 by Nalleballe et al. [9], estimated
neuropsychiatric manifestations to occur in 22.5% of all COVID-19 patients. This estimation
was based on the data from a sample of over 40.000 COVID-19 patients. Psychiatric
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complications with an incidence down to 0.2% of the sampled COVID-19 patients (suicidal
ideation) were included. Although the authors mentioned a possible strong relationship
between COVID-19 and psychosis, the latter was not mentioned in their list of psychiatric
complications found in the sample. The authors mentioned that their data on psychiatric
complications was limited. Assuming that few COVID-19 patients were primarily seen and
reported by a psychiatrist, a bias due to the medical specialization of the reporting clinicians
should be considered. In a more recent British surveillance study [40] on collaboration
with the Royal College of Psychiatry and the Association of British Neurologists published
in October 2020 in The Lancet, new-onset psychosis was described in 8% (10) of the
153 reported COVID-19 cases with neuropsychiatric complications. In that study, seventeen
percent of the reporting physicians were psychiatrists.

The occurrence of hallucinations in or following a COVID-19 has scarcely been in-
vestigated so far. The first study in which a larger sample of COVID-19 patients was
systematically screened for neuropsychiatric manifestations including hallucinations was
only published in December 2020 in Nature. In this study by Mirfazeli et al. [41], approxi-
mately 11% of the included 201 patients with a confirmed COVID-19 diagnosis reported
visual or auditory hallucinations. A potential relationship with delirium states was dis-
cussed, but the authors rather suggested an interpretation of the phenomenon in the context
of neuroinflammation, considering the seemingly low correlation between hallucinations
and disorientation in their sample. A German post mortem study by Matschke et al. [42]
indeed found neuroimmune activation in all of the sampled deceased patients with most
prominent changes within the brainstem, which supports this interpretation. Interestingly,
the cross-analysis of the neuropsychiatric symptoms performed by Mirfazeli et al. [41]
showed an important correlation between hallucinations and stroke. In the sample of
Matschke et al. [42], COVID-19-related ischemic strokes were mostly found within the
territory of the posterior cerebral artery which supplies precisely the structures presumably
involved in the emergence of peduncular hallucinosis. It is thus conceivable, that some of
the hallucinations found in the sample of Mirfazeli et al. have appeared in the context of
peduncular hallucinosis following stroke.

Prior to the paper of Mirfazeli et al. [41] there were only a few reports of hallucinations
in COVID-19, which is surprising considering the incidence of over 10% found in their
sample. The distribution of microbleeds [19], stroke and neuroinflammatory changes [42]
found in COVID-19 also suggests a high incidence of peduncular hallucinations among
COVID-19 patients. Hallucinations, especially peduncular hallucinations, might have been
underreported by both patients and physicians or even overseen in the past due to their
benign character compared to other complications of COVID-19, intracerebral hemorrhage
or ischemic stroke.

An important problem of the studies mentioned above may be potential side effects of
the drugs administrated in COVID-19. Severe cases are often treated with hydroxychloro-
quine and corticosteroids. Cases of drug-induced psychosis have already been reported for
both drugs prior to the COVID-19 pandemic [43,44]. Hydroxychloroquine, corticosteroids
or other potentially psychoactive drugs administrated during treatment may therefore
have been responsible at least for some of the psychotic symptoms reported in COVID-19
patients, including hallucinations [45–47].

3.4. Visual Hallucinations and Alcoholic Hallucinosis

Seeing pink elephants is a commonly used euphemism in English-speaking areas to
describe a state of extreme drunkenness. It refers to alcohol-induced visual hallucinations
of pink elephants and blue mice described by the American author Jack London in his
autobiographical novel ‘John Barleycorn’ published in 1913 picturing his experiences and
struggle with alcoholism [48].

Visual hallucinations can indeed be found in many syndromes related to alcohol
including alcoholic intoxication with delirium, alcoholic hallucinosis or delirium tremens
as well as other less common syndromes like Wernicke–Korsakoff syndrome or hepatic



Clin. Transl. Neurosci. 2021, 5, 15 8 of 10

encephalopathy [49]. Few of these various syndromes fit in the context of our case, yet one
of them constitutes an important differential diagnosis considering our patients history of
regular alcohol consumption.

Alcoholic hallucinosis refers to a phenomenon often following alcohol withdrawal in
which patients are subject to mostly auditory and/or sometimes vivid visual hallucinations
often accompanied by paranoia and fear [50]. Their sensorium is usually intact, though
some mild signs of confusion may be found. The hallucinations begin 24 to 48 h after
withdrawal and usually resolve within 30 days, but may last for several months [50,51].

The emergence of these hallucinations is attributed to an autonomic hyperarousal
conveyed by an increased dopamine activity found in both alcoholic intoxication and
withdrawal [52], which explains the similarity of the hallucinatory experience in acute alco-
holic intoxication with delirium (“pink elephants”) and in alcoholic hallucinosis. Alcohol
is known to increase the dopamine levels in certain brain structures, an effect that also
seems to play an important part in the emergence of addiction [53]. In heavy drinkers, the
sudden lack of alcohol leads to a decrease in dopamine activity following withdrawal [53].
The dopamine level increases again a few days later, probably in the context of an auto-
nomic compensatory upregulation, and may thus induce hallucinations [54]. This delayed
dopamine activity increase explains the latency between withdrawal and hallucination
onset typical in alcoholic hallucinosis.

4. Conclusions

The presumed cell-invasion mechanism of SARS-CoV-2 suggests an increased vul-
nerability for intracerebral hemorrhages, yet the evidence at hand does not suffice to state
a correlation between COVID-19 and ICH. In our case, the hemorrhage was most likely
related to the ethyltoxic liver cirrhosis with a subsequently impaired coagulation cascade
and low thrombocytes.

We interpret the hallucinations our patient reported in the context of a peduncular hal-
lucinosis following the intracerebral hemorrhage. The latency of 8 weeks between alcohol
withdrawal and onset of the hallucinations as well as the treatment with benzodiazepines
makes an alcoholic hallucinosis less likely.

The data available on the correlation between psychosis and COVID-19 are ambiguous
and insufficient to discriminate properly the underlying cause of the psychotic symptoms
some patients seem to have developed during their infection with SARS-CoV-2. Previous
studies on coronaviruses suggest a synergetic trigger-effect between infection, personal sus-
ceptibility and medication [11,47]. The correlation between COVID-19 and hallucinations
also remains unclear. COVID-19 related hallucinations might be underreported, consider-
ing the findings discussed above. A systematic neuropsychiatric assessment of COVID-19
patients based on standardized psychiatric tools (e.g., Mini International Neuropsychiatric
Interview) under consideration of case, medication and family history may improve our
understanding of the connection between psychosis, hallucinations and COVID-19.
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Abbreviations

ICH intracerebral hemorrhage
PPTN pedunculopontine tegmental nucleus
COVID-19 Coronavirus disease 2019
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