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Abstract
Background  Lightning injuries (LI) can affect multiple organs, including the peripheral and central nervous system (CNS). 
Neuroimaging studies in LI are scarce, and it is unknown whether off-target changes in the CNS occur.
Methods  Retrospective review of patients who were treated in two neurology tertiary referral centers for sequelae of LI 
between 2004-2024 and had magnetic resonance imaging (MRI) or computed tomography (CT) of the CNS. A narrative 
literature search was performed to identify other studies on neuroimaging after LI.
Results  Of 31 patients (39% female, median age 38 years), 30 had cranial neuroimaging (28 had cranial MRI, five cranial 
CT), and 14 spinal MRI. The median delay between LI and first neuroimaging was 67 days. Cranial MRI or CT showed two 
cases of brain edema, one accompanied by subarachnoid bleeding, one case of laminar cortical necrosis after resuscitation, 
and one case with hyperintensities in the hippocampi. 14 patients with cranial MRI had unspecific white matter lesions. In six 
of 14 patients who received a spinal MRI, intramedullary spinal cord lesions were found. A review of 54 published patients 
revealed pathological neuroimaging in 24 (44%) cases. Main findings were hypoxic encephalopathy after cardiac arrest, 
intracerebral bleeding, cerebral ischemia, brain edema and subarachnoid bleeding.
Interpretation: Typical neuroimaging findings after LI include brain edema, intracerebral or subarachnoid bleeding, isch-
emia, hypoxic encephalopathy, and intramedullary spinal cord lesions. Moreover, brain white matter lesions are common, 
which are of unknown significance, since clinical correlates are rare and pre-existing pathologies often cannot be ruled out.
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Introduction

Lightning strike injuries (LI) are rare events. An average of 
64 annual deaths were reported throughout Europe in the 
period 2001-2020 by the European Severe Storms Labora-
tory, and an average of four deaths per year were reported in 
Germany[1, 2]. At least five major types of LI-induced dam-
age can be distinguished: direct strike (where the patient is 
hit directly by lightning), contact voltage (where the patient 
has direct contact with an object hit by lightning), side splash 
(where a nearby object is hit by lightning and a part of the 
energy flashes over to the patient), ground current effect (the 
lightning hits the ground and a potential difference between 
two limbs of the patient attached to the ground leads to a 
current), wire mediated lightning (the lightning hits a power 
supply line, telephone wire or a via ferrata wire and the 
energy is hence conducted to the patient), and blast inju-
ries [3]. Despite the extremely high energies involved, only 
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about 20% of patients directly die due to a lightning accident 
[4]. Both peripheral and central nervous system disorders 
resulting from LI have been reported. Those include intra-
cerebral bleeding [5], subarachnoid bleeding [6], cerebral 
ischemia [7], brain edema [8], hypoxic brain damage due 
to cardiac arrest [9], Guillain-Barré syndrome [10], plexus 
neuritis [11], keraunoparalysis [12, 13], neuropsychological 
deficits [14], and more. Cherington classified these into four 
groups: acute transient (e.g. loss of consciousness), acute 
permanent (e.g. intracerebral bleeding), subacute perma-
nent (e.g. neuropsychological deficits) and secondary, for 
example due to the compression wave or physical trauma 
[15]. Accordingly, a multitude of different pathologies have 
been identified through neuroimaging of those patients. The 
aim of this study was to provide an overview of the possible 
findings in neuroimaging and to define the proportion of 
patients exhibiting pathological changes following LI. We 
therefore describe 31 cases from our database and review 
existing literature on LI and neuroimaging.

Methods

Study design and patient selection

We did a retrospective chart review of patients who attended 
the Neurology Departments of the University of Regens-
burg and the St. Josef Hospital, Ruhr-University Bochum 
in the years 2004-2024. We identified all patients with a 
history of a LI and included all patients who had received 
neuroimaging (MRI or CT) of the brain or MRI of the spinal 
cord as part of their diagnostic workup. Data on baseline 
demographics, clinical information and comorbidities were 
obtained through medical charts and institutional databases.

Data acquisition – neuroimaging

Of the 31 included patients, 19 received neuroimaging 
at the University of Regensburg. MRI imaging was done 
with Siemens Magnetom Sonata 1.5 Tesla and Siemens 
Magnetom Aera 1.5 Tesla MRI scanners. In the remaining 
patients, both MRI and CT scans were supplied by external 
radiologists and images from electronic data sources were 
reviewed. Neuroimaging studies were evaluated by experi-
enced neurologists (T.S., I.K.) and neuroradiologists (C.L, 
C.W.).

Review of literature

A narrative literature research using pubmed.org was done 
by one investigator (T.S.). The following search terms 
were employed: "lightning", "lightning strike", "lightning 

injury", "lightning sequelae", "magnetic resonance imag-
ing AND lightning strike", "computed tomography AND 
lightning strike", "radiology AND lightning strike". The 
inclusion criteria were LI and the presence of neuroimaging 
studies. Patients with electrical accidents other than LI were 
excluded from the study. The time frame selected for the 
study spanned from 01.01.1990 to 01.04.2024, encompass-
ing the period during which modern computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) scanners 
were widely utilized. Baseline information (age, sex), data 
on imaging and clinical data (type of injury, neurological 
symptoms) were extracted from the publications.

Ethical approval

This study was performed in line with the principles of the 
Declaration of Helsinki. The ethics committee at the Uni-
versity of Regensburg approved the study (#24-3839-104).

Consent to publish

Written informed consent-to-disclosure was obtained from 
the three patients described in detail in the section illustra-
tive cases. For the remaining patients in our case series, data 
have been anonymized by removing potentially identifying 
characteristics, such as age and sex.

Results

Study population and clinical findings

We identified 48 patients who were treated in our clinic 
for neurological sequelae of LI between 2004 and 2024. 
Of those, 31 patients (65%) had received imaging of the 
brain or spinal cord and were included for further analy-
sis. 12 patients were female and the median age was 38 
years (interquartile range (IQR) 27 years). The median time 
between LI and first presentation in our clinic was 308 days 
(IQR 1038 days), and the median delay between LI and first 
neuroimaging was 67 days (IQR 715 days). In 28 cases cra-
nial MRI was performed, MRI of the spinal cord was done 
in 14 cases and cranial CT in five cases.

Clinical examination revealed sensory deficits in 21 
cases (68%) and persisting motor impairments (excluding 
acute keraunoparalysis) in 15 cases (48%). Neuropsycho-
logical deficits were diagnosed in 12 cases (39%) using a 
neuropsychological test battery. Furthermore, in 14 cases 
(45%) psychiatric disorders, including depression, post-
traumatic stress disorder, anxiety, and specific phobia (i.e. 
for thunderstorms) emerged following LI. For more detailed 
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Case Type 
of LI

Radiological findings (interval fom 
LI)

Clinical presentation (interval fom LI) Medical 
history

1 a or b cMRI (2 years): unspecific left 
parietal white matter lesions, diffuse 
supra- and infratentorial atrophy.

Acute: exhaustion, lack of concentration, gait problems, visual pseudo 
hallucinations.
Clinic (2 years): horizontal diplopia when looking to the left side, gait 
ataxia, slight ataxia of the left arm, hypalgesia, hypesthesia and hypo-
thermesthesia below Th10 on the left, depression, neuropsychological 
deficits.

Migraine

2 a cCT (3 hours): bilateral brain edema 
of the occipital lobe.
cMRI (6 days): bilateral occipital 
subarachnoid bleeding.

Acute: loss of consciousness, disorientation, persistent inferior visual 
field loss.
Clinic (20 days): small area of hypesthesia beneath the left eye, inferior 
visual field loss, neuropsychological deficits, depression.

No relevant 
previous 
diagnoses

3 c cMRI (2 months): two unspecific 
white matter lesions in the semioval 
center on the left

Acute: paroxysmal parietal headache, depression.
Clinic (31 days): distal thermhypesthesia, hypesthesia and pallhypesthe-
sia of both legs, bilateral Horner's syndrome, depression, anxiety.

Colorectal 
cancer, 
hypertension

4 c cMRI (3 days): two subcortical 
lesions in the right frontal lobe and 
parasagittal on the left.
sMRI (9 days): no lesions
sMRI (1 year) hyperintense lesion 
C5/C6.
cMRI (2.7 years): detection of two 
lesions, each measuring 1 cm, located 
in the right frontolateral white matter 
and at the left cortical margin.
sMRI (2.7 days): additional lesions 
C1/C2.

Acute: keraunoparalysis
Clinic (1 day): plantar hypesthesia of both feet and the left forehead, 
positive Lhermitte's phenomenon, premature ejaculation.

Traumatic 
brain injury 
left frontal 
lobe 6 years 
earlier, nico-
tine use

5 b cCT (few hours): normal Acute: keraunoparalysis, loss of consciousness, hypesthesia of both feet.
Clinic (1 year): distal symmetric hypesthesia, hypalgesia, hypothermes-
thesia, pallhypesthesia, neuropsychological deficits.

No relevant 
previous 
diagnoses

6 a or b cMRI (24 days): normal
sMRI (20 days): normal

Acute: CPR. After extubation accommodation difficulties, gait ataxia, 
hypesthesia of both hands and lower legs, neuropsychological deficits 
and depression.
Clinic (32 days): gaze-evoked nystagmus in all directions of view, gait 
ataxia with tendency to fall to the left, distal asymmetric (left>right) 
hypesthesia and pallhypesthesia of both legs, neuropsychological deficits.

No relevant 
previous 
diagnoses

7 c sMRI (3.4 years): normal
sMRI (8.2 years): intramedullary 
lesion C2-C4.
cMRI (15.6 years): normal

Acute: hypesthesia digiti III/IV on the left. Ascending hypesthesia of the 
limbs, gait ataxia.
Clinic (15.5 years): distal symmetric hypesthesia, areflexia, slight distal 
paresis of both legs, gait ataxia, skew deviation, neuropsychological 
deficits.

Previous 
traumatic 
brain injury

8 b or c MRI cervical spine (2 months): 
normal

Acute: loss of consciousness, keraunoparalysis of both hands.
Clinic (1.1 years): neuropsychological deficits.

Bilateral disc 
herniation 
at L4/5 one 
year earlier

9 b sMRI (1.7 years): intramedullary 
lesion C1-C5 affecting the posterior 
funiculus on both sides.
cMRI (2 years): normal
sMRI (2.3 years): no change
sMRI (3.3years): no change

Acute: loss of consciousness, keraunoparalysis, persisting numbness in 
both hands and feet, gait ataxia.
Ascending hypesthesia up to cervical level, anhidrosis of both hands.
Clinic (2.4 years): hypesthesia, hypalgesia, hypothermesthesia, pall-
anesthesia below level L1, astereognosia, slight hemiataxia on the left, 
Babinski's sign positive on the right > left.
Neuropsychological deficits.

History of 
nicotine use

10 c cCT (9 months): normal Acute: Transient hypesthesia of both hands.
Clinic (5 months): slight hypesthesia below L1 level. Neuropsychologi-
cal deficits.

No relevant 
previous 
diagnoses

11 a cMRI (16 days): unspecific frontal 
subcortical lesions on both sides.

Acute: CPR. After extubation hallucinations, central scotoma, parapare-
sis of the legs.
Clinic (2.9 years): gait ataxia, areflexia, moderate distal and symmetri-
cal sensory impairment for all qualities, plantar anhidrosis of both feet, 
neuropsychological deficits.

History of 
nicotine use, 
hypertension

Table 1  Summary of clinical and radiological findings of 31 patients after lightning strike injury
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Case Type 
of LI

Radiological findings (interval fom 
LI)

Clinical presentation (interval fom LI) Medical 
history

12 b or c 
or d

cMRI & MRI cervical spine (14 
days): normal
cMRI (9.5 years): normal
sMRI (9.5 years): hyperintense intra-
medullary lesion in the lumbar cord.

Acute: CPR. After extubation gait ataxia, unspecific body pain and allo-
dynia, transient inability to speak formerly known foreign languages.
Clinic (9.2 years): patchy hypalgesia, hypesthesia and pallhypesthesia 
of arms and feet, distal weakness of the hands (MRC 4/5) with atrophy 
of small hand muscles, areflexia of the arms, gait ataxia, specific phobia, 
neuropsychological deficits.

No relevant 
previous 
diagnoses

13 d sMRI (1 month) & cMRI (1.3 years): 
normal

Acute: keraunoparalysis.
Clinic (1.5 years): hypesthesia and hypalgesia of ophthalmic nerve on the 
left, diminished fine motor skills of the right hand, hypesthesia, pallhyp-
esthesia and thermhypesthesia of both legs left>right, weakness of both 
legs (MRC 4/5), gait ataxia, specific phobia, neuropsychological deficits.

nicotine use, 
hyperten-
sion, diabe-
tes mellitus

14 b or c cMRI (11.3 years): normal Acute: keraunoparalysis.
Clinic (17.5 years): hemihypesthesia and hemihypalgesia on the left, 
hemiataxia on the left, anxiety disorder.

No relevant 
previous 
diagnoses

15 d cMRI (5 months): unspecific juxta-
cortical lesions, mainly on the left 
side.

Acute: keraunoparalysis, recurrent transient paresthesia of the right face.
Clinic (7 months): hypesthesia and hypalgesia of the face on the right 
side, akinetopsia, impaired corneal reflex on the right eye, diminished 
fine motor skills of the right hand, minor neuropsychological deficits.

No relevant 
previous 
diagnoses

16  b or c cMRI (10 days): hyperintense corti-
cal and subcortical lesions localized 
in the frontal, occipital and pari-
etooccipital lobes sMRI (18 days): 
gadolinium-positive cauda equina 
and nerve fibers

Acute: CPR, after extubation paraplegia and areflexia of lower extremi-
ties. Hypesthesia, pallhypesthesia and hyperpathia of both legs.

No relevant 
previous 
diagnoses

17 a cMRI (3 days): normal
cMRI (31 days): normal

Acute: loss of consciousness, keraunoparalysis of both legs and left arm. 
Secondary CPR. After release from the hospital posttraumatic stress 
disorder, depression.
Clinic (10 months): neuropsychological deficits.

No relevant 
previous 
diagnoses

18 b or d cMRI (1.1 years): normal
sMRI (1.5 years): minor disc protru-
sions without stenosis of the spinal 
canal. Otherwise unremarkable.

Acute: loss of consciousness.
Clinic (1.2 years): right-sided facial paresis, intermittent, involuntary 
movements of the left leg and fasciculations. Proximally pronounced 
tetraparesis. Finger-to-nose test and heel-to-knee test on the left side 
dysmetric. Cognitive deficits.

Hypertension

19 d cMRI (approx. 3 years): supratento-
rial small, nonspecific periventricular 
lesions on both sides. Small pineal 
cyst without evidence of cerebro-
spinal fluid outflow obstruction. 
Otherwise unremarkable.

Acute: right-sided hemiparesis, recurrent cramps on the right side.
Clinic (3 years): gaze-evoked nystagmus in both directions, right-sided 
falling tendency, minimal right arm paresis, gait instability, subtle 
dysmetria on the right during the finger-to-nose and heel-to-knee tests. 
Cognitive deficits.

No relevant  
prior 
diagnoses

20 a cMRI (6 months): unremarkable, 
except for a few small, nonspecific 
periventricular lesions.

Acute: CPR. Dysarthria, right-sided ataxia, organic psychosis syndrome 
and cognitive deficits.
Clinic (6 months): mild weakness of the left arm and right-sided hemi-
hypesthesia. Cognitive deficits.

Hypertension

21 a or b cMRI (4 months): unremarkable, 
except for a few small, nonspecific 
periventricular lesions.

Acute: disorientation, right-sided persistent headache, scalp hypersensi-
tivity, intermittent gait instability, dizziness and cognitive deficits.
Clinic (4 months): broad-based gait pattern and distal pallhypesthesia of 
the legs.

No relevant 
previous 
diagnoses

22 prob-
ably c

cCT (initially): ventricular asym-
metry favoring the right side, with 
evidence of right-sided swelling, 
without signs of cerebrospinal fluid 
(CSF) outflow obstruction.
cMRI (day 1): supratentorial small, 
nonspecific periventricular lesions on 
both sides.

Acute: Initial presentation in our emergency department. Mild headache 
at first, no focal neurological deficits. Neuropsychological deficits.

No relevant 
previous 
diagnoses

23 b or d cMRI (2 months): unremarkable, 
except for a few small, nonspecific 
periventricular lesions.
sMRI (2 months): unremarkable, 
except for a few disc protrusions.

Acute: CPR and long-lasting intensive care unit treatment.
Clinic (40 days): right-sided tetraparesis, dysarthria, atrophy of distal 
musculature, areflexia, ataxic finger-to-nose test.

No relevant 
previous 
diagnoses

Table 1  (continued) 
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information on clinical presentations and neuroimaging 
findings see Table 1.

Neuroimaging results

Cranial imaging was done in 30 patients, 25 had exclusively 
MRI, two exclusively CT, and three both MRI and CT (Table 
1). In this group, two cases of brain edema, one accompa-
nied by subarachnoid bleeding were identified, as well as 
one case with laminar cortical necrosis and basal ganglia 

infarction after resuscitation and one case showing hyper-
intensities of both hippocampi 13 years after LI. Unspecific 
white matter lesions were observed in 14 of 28 patients with 
cranial MRI (50%). Nine of these patients exhibited cogni-
tive deficits. Additional neurological findings included vari-
ous sensory and motor signs. However, in retrospect, central 
nervous system damage could not be reliably attributed to 
specific CNS white matter lesions and distinguished from 
the frequently occurring peripheral nerve involvement, 
since only some patients have received electrophysiologic 

Case Type 
of LI

Radiological findings (interval fom 
LI)

Clinical presentation (interval fom LI) Medical 
history

24 e cCT (13 days): normal
cMRI (date unclear): normal

Acute: pain in both arms and the left foot, dizziness, restlessness, head-
aches, and sensitivity to light and sound.
Clinic (3.2 years): dizziness and paresthesia in the soles of the feet.

No relevant 
previous 
diagnoses

25 c cMRI (2.1 years): supratentorial 
small, nonspecific periventricular 
lesions on both sides.
sMRI (2.1 years): normal

Acute: loss of consciousness, keraunoparalysis, cognitive deficits.
Clinic (2.1 years): unremarkable.

Hypertension

26 NA cMRI (12 years): supratentorial 
small, nonspecific periventricular 
lesions on both sides.

Acute: hyperhidrosis, sensation of heat in the feet, hypesthesia and pares-
thesia of the feet, cognitive deficits, dizziness, and persistent headaches.
Clinic (12 years): ataxia in the finger-to-nose test on the right side.

No relevant 
previous 
diagnoses

27 c cMRI (2 days): supratentorial small, 
nonspecific periventricular lesions on 
both sides.
cMRI (1.5 years): increasing number 
of white matter lesions.

Clinic (2 days): paresthesias on the right side of the face, and pre-exist-
ing, patchy hypesthesia on the left side of the body.

No relevant 
previous 
diagnoses

28 NA cMRI (2 months): progressive 
widening of the internal and external 
cerebrospinal fluid spaces, indica-
tive of diffuse atrophy. Laminar 
cortical necrosis bilaterally in the 
occipital lobes, as well as T2-FLAIR 
hyperintensities in the basal ganglia 
bilaterally, consistent with residuals 
of a prior basal ganglia infarction.
sMRI (2 months): symmetrical lesion 
in the conus medullaris.

Acute: CPR. Right sided brachiofacial hemiparesis.
Clinic (2 months): anisocoria (left > right), dysarthria, right-sided facial 
paresis, pronation during the arm-holding test on the right, mild parapa-
resis of the legs, neuropsychological deficits.

No relevant 
previous 
diagnoses

29 d cMRI (8 days): apart from a mild 
prominence of the external cerebro-
spinal fluid spaces in the frontopari-
etal region, unremarkable.
sMRI (11 days): normal

Acute: asymptomatic.
Clinic (7 days): neuropsychological deficits.

No relevant 
previous 
diagnoses

30 NA cMRI (13 years): diffuse atrophy, 
including the hippocampi, with 
T2-weighted signal hyperintensities.

Acute: spastic tetraparesis, gait ataxia, dysarthria, cognitive symptoms 
and epileptic seizures.
Clinic (13 years): dysarthria, no paresis, but increased muscle tone with 
a predominance in the right side and lower limbs; gait ataxia with a 
tendency to fall to the right; dysmetria on both sides in the finger-to-nose 
and heel-to-shin tests; distal paresthesias (particularly in the right upper 
limb); distal pallhypesthesia.

No relevant 
previous 
diagnoses

31 b or c cMRI (3 months): normal
sMRI (3 months): normal

Acute: CPR, right-sided facial palsy and a selective inability to speak a 
foreign language lasting a few hours, scotoma in the upper right visual 
field of the right eye.
Clinic (2 months): tongue deviation to the left, mild gait ataxia during 
challenging gait tests, and dysesthesias of the arms and feet.

No relevant 
previous 
diagnoses

cMRI = cranial magnetic resonance imaging; sMRI = spinal magnetic resonance imaging; CPR: cardiopulmonary resuscitation, LI: Lightning 
strike injury, MRC: Medical Research Council, ROSC: Return of spontaneous circulation, type of LI: a = direct strike, b = side splash, c = 
ground current, d = contact voltage, e = wire mediated, NA = not available.

Table 1  (continued) 
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workup. Cardiovascular risk factors were present in five of 
14 cases with white matter lesions (36%). 12 of 30 patients 
(40%) who had brain scans had no pathological findings; 
however, all of them were complaining about various, 
sometimes transient neurological symptoms and had neu-
rological findings, mostly affecting the peripheral nervous 
system or showing neuropsychological deficits.

Spinal cord imaging by MRI was done in 14 patients. 
Interestingly, in six patients (43%) intramedullary lesions 
were observed. These lesions were found in the cervical 
spine (one case in C1/2 and C5/6, one case in C2-C4, and 
one case in the posterior funiculus of C1-C5) and the lum-
bar cord or cauda equina (three cases). Specific symptoms 
corresponding to these lesions were often masked by symp-
toms originating from damage to the brain or peripheral ner-
vous system. Three patients presented with paraparesis of 
the lower limbs, one exhibited gait ataxia, sensory deficits 
and bilaterally positive Babinski sign, and one reported pre-
mature ejaculation.

Illustrative cases

Case #2: 24-year-old woman with visual field loss and 
occipital subarachnoid bleeding

A 24-year-old female patient was directly hit by a light-
ning strike to the head while climbing in the mountains [14]. 
This resulted in a transient loss of consciousness for a few 
seconds, after which the patient reported a complete loss of 
vision. The initial cranial CT scan revealed slight bilateral 
occipital oedema, with no further pathologies. Subsequent 
MRI scans, performed six days and eleven days after the 
initial injury, revealed occipital subarachnoid bleeding (Fig. 
1). The patient reported a scotoma in the central downward 

visual field in both eyes, as well as a bifrontal headache. 
Although the brain MRI four weeks after the injury was 
normal, the scotoma persisted, and the patient subsequently 
developed post-traumatic stress disorder.

Case #9: 50-year-old man with a spinal lesion and second-
ary deterioration

A 50-year-old man sustained a side splash while hiking in 
the mountains in bad weather conditions. Immediately after 
the injury, the patient lost consciousness for approximately 
20 to 30 minutes. The patient had sensorimotor tetraplegia, 
which resolved incompletely within 24 hours and was diag-
nosed as keraunoparalysis. During the following weeks, the 
patient exhibited gait ataxia, sensory deficits in both feet, 
and abdominal and cervical pain. Sixteen months after the 
injury, the patient developed progressive, ascending hyp-
esthesia and paresthesia, as well as weakness of the lower 
limbs. At the initial presentation at our clinic, 29 months 
after the injury, the patient demonstrated gait ataxia, mild 
paresis of both lower limbs, with a positive Babinski sign, 
hypesthesia below the L1 level, astereognosia, and pallhyp-
esthesia in both legs. Neurophysiological studies demon-
strated a latency delay in transcranial magnetic stimulation 
to the legs and loss of somatosensory evoked potentials in 
both legs. Cranial MRI (24 months after the injury) revealed 
no pathology, while spinal MRI (21 and 27 months after the 
injury) revealed a multisegmental, T2-hyperintense lesion 
in the posterior funiculus from C1 to C5 (Fig. 2). Follow-
ing intensive physiotherapy and symptomatic medical treat-
ment, there was improvement in both motor functions and 
paresthesias. A subsequent spinal MRI 39 months after the 
injury showed persistent evidence of the spinal cord lesion, 
with no signs of progression or new lesions.

Fig. 1  Neuroimaging case #2. (a) CT scan performed three hours after the injury revealing slight occipital brain edema. Axial (b) and coronal sec-
tion at level of the occipital and parietal lobe (c) T1-weighted images conducted six days after LI demonstrated occipital subarachnoid bleeding[14]

 



1 3

Page 7 of 10     77 Neurological Research and Practice            (2026) 8:77 

Case #12: 32-year-old woman with gait ataxia and lower 
spinal cord lesion

A 32-year-old woman was hit by a direct or a contact 
strike as she leaned against the car with her arm outstretched. 
Following an immediate loss of consciousness, cardiopul-
monary resuscitation was performed for a duration of forty 
minutes. Initial MRI scans of the neurocranium and cervi-
cal spine revealed no abnormalities. During the following 
months after discharge from the hospital, the patient showed 
gait disturbance, unspecific pain of thorax, arms, head and 
teeth with allodynia, as well as a loss of her previously 
acquired linguistic skills. On presentation at our center nine 
years after the LI, the patient complained of persistent tho-
racic pain and neurological examination revealed hypesthe-
sia C5-C8 on the right side, hypalgesia on both hands and 
feet, pallhypesthesia of both hands, areflexia, distal paresis 
of both upper extremities with atrophy of small hand mus-
cles, and bradydiadochokinesis of both hands as well as gait 
ataxia. Electrophysiological investigations revealed signs of 
small-fiber polyneuropathy, and spinal MRI showed subtle 
hyperintensities in the lower spinal cord (Fig. 3).

Cases #4, #16, #28

Beyond cases #9 and #12 we found four more cases 
showing spinal lesions after LI in our cohort. As this is an 
exceptional finding and rarely reported in literature, we pro-
vide imaging data of three of those four cases (Fig 4). In 
one case, imaging data was no longer available at the time 
of publication.

Review of literature

Of 211 articles meeting the predefined search terms and 
time frame, 46 articles reporting a total of 54 cases were 
included. 81% of patients were male, the median age was 
27 years (IQR 27 years) and the median time between 
injury and first imaging was one day (IQR 4 days). 49 cases 
received cranial CT or MRI and 15 patients received MRI 
of the neck or spine. In 30 cases (56%) no lesions were 
found on neuroimaging of the brain and/or spinal cord. In 
cases receiving imaging of the brain (49), common find-
ings included intracerebral bleeding (5/49, 10%), hypoxic 
encephalopathy due to cardiac arrest (7/49, 14%), unspecific 

Fig. 3  Neuroimaging case #12. Spinal MRI scan 9.5 years after LI. 
Sagittal T2 weighted sequence showing hyperintense lesion in the 
lumbar cord (arrow)

 

Fig. 2  Neuroimaging case #9. Sagittal (a) and axial (b) T2-weighted 
image 21 months after LI showed a hyperintense lesion of the posterior 
funiculus ranging from C1 to 5
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white matter lesions (3/49, 6%), subarachnoid bleeding 
(3/49, 6%), edema without a history of cardiac arrest (3/49, 
6%), and cerebral ischemia (2/49, 4%). Intracerebral bleed-
ings were predominantly localized to the basal ganglia and 
thalamus. In two of 15 cases with spinal MRI (13%), spinal 
cord lesions and corresponding neurological deficits were 
reported. Five of 54 cases resulted in death due to LI, three 
cases due to hypoxic encephalopathy, one case due to gen-
eralized brain edema, and one case due to cerebellar infarc-
tion with mass effect. Detailed information on each case is 
presented in Supplementary Table 1.

Discussion

Lightning injuries are rare, but their consequences for neu-
ronal tissue can be severe. In this study, we assessed 31 cases 
and conducted a comprehensive review of the literature on 
neuroimaging in LI survivors. Our findings revealed two key 
insights. Firstly, while the presence of pathological findings 
in neuroimaging after LI is common, a distinctive diagnos-
tic pattern remains absent. A wide range of CNS damages 
was observed, including brain edema, intracranial bleed-
ing, subarachnoid bleeding, ischemia, white matter lesions, 
spinal cord lesions, and post-hypoxic encephalopathy after 
resuscitation. Secondly, we observed that approximately 
40% of the cases exhibited no acute or subacute findings on 
neuroimaging, despite presenting with various neurologi-
cal or neuropsychological symptoms. Notably, alternative 
causes of the neuroimaging findings were not systematically 
excluded in every case. For example, some white matter 

lesions may be attributable to microangiopathic changes or 
neuroinflammatory diseases. This limitation should be kept 
in mind when interpreting our findings.

Clinical and neuroimaging studies have identified vari-
ous sequelae and findings in the aftermath of LI (see Supple-
mentary Table 1). Cherington et al proposed the following 
categories of clinical findings after LI according to the time 
of onset and progression: acute transient, acute permanent, 
subacute permanent, and secondary to other causes [15]. 
Acute transient disorders manifest as loss of consciousness, 
retrograde amnesia and keraunoparalysis, which typically 
do not have any morphological representation [12]. Of the 
acute permanent lesions, which may lead to long lasting 
deficits intracerebral bleeding, subarachnoid bleeding, isch-
emia and brain edema are most common and often already 
apparent in cranial CT, [16]. Fractures of the skull have been 
documented in single patients after LI [17]. The subgroup 
of subacute permanent injuries encompasses a wide range 
of conditions, including Guillain-Barre syndrome [10], neu-
ropsychological deficits, posttraumatic stress disorder [18], 
and spinal cord lesions [19]. The most common morpho-
logical findings among patients with secondary diseases 
are hypoxic encephalopathy due to cardiac arrest and sinus 
thrombosis [20].

Interestingly, it appears that there is a subgroup of 
patients, who develop subacute myelopathy and/or radic-
ulopathy after a LI, as shown in case #9. Our case series 
revealed more cases with spinal cord lesions (6/14 cases, 
43%) as were found in the literature review (2/15 cases, 
13%). This discrepancy may be attributed to the absence of 
specific and/or often mild clinical symptoms in most cases, 

Fig. 4  Neuroimaging findings demonstrating spinal lesions in three 
additional cases. (a) Case #4: Sagittal T2-weighted MRI obtained 1 
year after LI, showing a hyperintense lesion at the C5–C6 level. (b) 
Case #16: Sagittal T2-weighted MRI obtained 18 days after LI, dem-

onstrating contrast enhancement of the cauda equina and nerve roots. 
(c) Case #28: Axial (transverse) T2-weighted MRI obtained 70 days 
after LI, showing a symmetrical lesion of the conus medullaris
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which does not necessitate spinal imaging. It is important to 
acknowledge that most of the radiological findings in spinal 
MRI in our study and literature cases were found years after 
the LI, making it difficult to prove direct causality. Neuroin-
flammatory diseases, such as multiple sclerosis and neuro-
myelitis optica spectrum disorders, were not systematically 
ruled out in our cases or in the cases presented in literature. 
Furthermore, it has been postulated that electrical injury 
may act as a trigger for CNS autoimmunity [21].

Case #2 illustrates the direct correlation between the local-
ization of the LI, its morphological characteristics, and clini-
cal manifestations. The patient sustained a direct impact to 
the occipital region of the brain, resulting in bilateral occipital 
brain edema, subarachnoid bleeding, and visual field loss.

Case #16 of our study illustrates an acute keraunopa-
ralysis with subsequent hyperintense lesions of the cauda 
equina, detected 18 days after injury. Keraunoparalysis 
is discussed to be a result of current-induced vasospasms 
of spinal vessels [13]. It is arguable, that if ongoing long 
enough, a permanent damage to the spinal cord could 
develop. Secondly, the electric current caused by a lightning 
strike could be readily conducted by the spinal cord, thereby 
directly causing damage.

Our clinical cohort primarily reflects subacute neuroim-
aging findings, as the median interval between lightning 
injury (LI) and the first neuroimaging examination was 
67 days. In contrast, the cases identified in our literature 
review predominantly represented the acute phase, with 
a median interval of only one day between LI and first 
imaging. Accordingly, acute pathologies—including intra-
cerebral hemorrhage, hypoxic encephalopathy following 
cardiac arrest, subarachnoid hemorrhage, cerebral edema in 
the absence of cardiac arrest, and cerebral ischemia—were 
more frequently reported in the literature cohort. By com-
parison, subacute findings, particularly nonspecific white 
matter lesions and spinal cord (myelon) lesions, were more 
common in our clinical cohort.

Generally, on admission to the emergency department in 
every patient after LI a cranial CT should be done to rule 
out ischemia, bleeding and edema, as these pathologies may 
be without clinical finding and might also deteriorate. One 
should also be aware of the fact, that many transient neu-
rological symptoms, including paresis, sensory deficits and 
dysarthria have been reported without any finding in cra-
nial CT or MRI [12, 22]. If cranial CT has been normal, but 
the patient has persisting neurological symptoms, further 
neuroimaging by cranial MRI as well as electrophysiologic 
workup might be needed. Given reasonable clinical suspi-
cion, the additional acquisition of a spinal MRI is suggested. 
In our experience it might additionally be advisable to do 
brain and spinal MRI in persons who had a LI during their 

professional activity, since occupational disability might 
occur and a baseline MRI is useful for later legal claims.

Unspecific lesions or lesions that are diagnosed years 
after the injury should not be directly linked to the lightning 
prematurely. As in patients without LI, thorough diagnostic 
workup should be done to rule out autoimmune, infectious, 
ischemic, toxic-metabolic and other causes of lesions found 
in neuroimaging.

The retrospective design and the limited number of patients 
represent limitations of our study. LI is a rare condition and 
neurologists see only a small number of patients. Since most 
patients presented to our specialized clinic months or even 
years after the LI, seeking evaluation for potential neurologi-
cal sequelae of LI, there is an increased interval between the 
acute injury and first presentation as well as first neuroim-
aging. Therefore, our results do not reflect neuroimaging in 
the acute emergency department situation. Additionally, our 
study lacks a systematic approach to neuroimaging at speci-
fied intervals, which means that temporal changes after LI 
could not be detected. Although the study predominantly 
included young patients, who are less likely to have concomi-
tant CNS diseases, the coincident findings in neuroimaging 
do not imply a causative link to the LI [23]. In our group of 
patients with unspecific white matter lesions in MRI, 36% 
had known cardiovascular risk factors, possibly contribut-
ing to this pathology before LI. In the remaining cases with 
pathological findings in neuroimaging, after careful medical 
history, neurological examination and further diagnostic tests 
(e.g. lumbar puncture, neurophysiology), we could not find 
any sign of other underlying neurological diseases. However, 
alternative causes of the neuroimaging findings were not sys-
tematically excluded in every case. Regarding the literature 
research, there might be a publication bias for patients with 
lesions on neuroimaging, leading to an overestimation of 
neuroimaging abnormalities after LI.

Conclusion

In summary, imaging of the brain and spinal cord after LI 
reveals different types of lesions, however, no pathogno-
monic finding. Not every case exhibits clinical correlates 
of pathological imaging or corresponding CNS lesions for 
neurological symptoms. Further research is necessary to 
better understand clinical significance, frequency and tem-
poral development of pathological neuroimaging after LI.
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