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KEYWORDS Abstract
False localising signs; Introduction: lpsilateral hemiparesis (IH) can be defined as a paradoxical dysfunction of the
Kernohan-Woltman first motor neuron involving the extremities on the opposite side to that expected, given the
notch phenomenon; location of the triggering intracranial pathology. Compression of the corticospinal tract (CSt)
Ipsilateral along its course through the contralateral cerebral peduncle against the free edge of the tento-
hemiparesis; rium, known as the Kernohan-Woltman notch phenomenon (KWNP), represents the main cause
Paradoxical of IH.
hemiparesis; Methods: This retrospective study analyses a series of 12 patients diagnosed with IH secondary
Kernohan’s notch; to KWNP treated at our institution, including a descriptive study of epidemiological, clinical,
Brain herniation radiological, neurophysiological, and prognostic variables.
Results: In 75% of the cases, symptoms had an acute or subacute onset. Initial imaging studies
showed signs of significant mass effect in half of the patients, whereas magnetic resonance
imaging (MRI) identified a structural lesion in the contralateral cerebral peduncle in two thirds
of them. Impairment of the motor evoked potentials (MEP) was verified in 4 patients. During
follow-up 7 patients experienced improvement in motor activity, and near half of the cases
were classified in the first three categories of the modified Rankin scale.
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Conclusions: In contrast to prior historical series, most of our patients developed a KWNP
secondary to a traumatic mechanism. MRI represents the optimal method to identify both the
classic cerebral peduncle notch and the underlying structural lesion of the CSt. The use of
MEP can help to establish the diagnosis, especially in those cases lacking definite radiological
findings.

© 2022 Sociedad Espanola de Neurologia. Published by Elsevier Espafa, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Fenomeno de Kernohan-Woltman: ;un cuadro neurolégico excepcional?

Resumen

Introduccion: Podemos definir la hemiparesia ipsilateral (HI) como una disfuncion de la primera
motoneurona que afecta a las extremidades del lado opuesto al esperado, dada la localizacion
de la patologia intracraneal desencadenante. La compresion del tracto cortico-espinal (tCE)
contra el borde libre del tentorio a su paso por el pedinculo cerebral se conoce como fendmeno
de Kernohan-Woltman (FKW).

Métodos: Estudio retrospectivo de pacientes diagnosticados de HI secundaria a un FKW atendi-
dos en nuestra institucion, incluyendo un estudio descriptivo de las variables epidemioldgicas,
clinicas, radiologicas, neurofisioldgicas y prondsticas.

Resultados: En un 75% de los casos la clinica fue de instauracion aguda o subaguda. El estudio
de imagen inicial mostro signos de efecto de masa significativo en la mitad de los pacientes,
mientras que la resonancia magnética (RM) permitio identificar una lesion estructural en el
peddnculo cerebral contralateral en dos terceras partes de los casos. En 4 pacientes se verifico
una afectacion de los potenciales evocados motores (PEM). Durante el seguimiento, 7 pacientes
experimentaron una mejoria de la actividad motora, y aproximadamente la mitad de los casos
fueron clasificados en los tres primeros grados de la escala de Rankin.

Conclusiones: En contraste con las series historicas, la mayor parte de nuestros pacientes
desarrollaron un FWK a consecuencia de un traumatismo craneo-encefalico. La RM es la prueba
de imagen de eleccion tanto para identificar la clasica escotadura del pedinculo cerebral como
detectar la presencia de una lesion estructural subyacente. El estudio de PEM puede servir de
apoyo al diagnostico, especialmente en casos dudosos.

© 2022 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction data: sex, age (years), manual dexterity, and trigger factor of IH; 2)
clinical data: level of consciousness (Glasgow Coma Scale® [GCS]),
False localising signs are clinical signs of neurological damage that motor activity of the limbs (modified Medical Research Council

lead to an erroneous conclusion about the anatomical location of
the lesion triggering them.! Among them, ipsilateral hemiparesis
(IH) has sparked particular interest over the years due to its asso-
ciation with wrong-site craniotomy, especially in the early days of
neurosurgery.?

Although the Kernohan-Woltman notch phenomenon (KWNP),
defined as compression of the contralateral cerebral peduncle
against the tentorial notch, is one of the most widely known patho-
physiological mechanisms causing IH, its pathogenesis is yet to be
fully understood, as most of the available evidence is from isolated
case reports or case reviews, with considerable heterogeneity of
the reported results.*>

This study provides a detailed description of clinical, radiologi-
cal, and neurophysiological findings in an original series of patients
with IH secondary to KWNP. Our findings are compared against those
of the most relevant studies on KWNP.

Material and methods

We retrospectively gathered cases of IH diagnosed between 2000
and 2021. The following data were recorded: 1) epidemiological

[MMRC] scale,” except in patients with impaired consciousness,
in whom motor response was evaluated with the GCS), and signs
of pupillary dysfunction; 3) brain CT and/or MRI findings: time of
study performance, intracranial lesion triggering IH, signs of mass
effect, signs of compression of the cerebral peduncles or presence
of midbrain lesions (morphological and topographic characteristics,
MRI signal alterations), dimensions of the tentorial notch in coro-
nal T2-weighted sections and classification according to the criteria
proposed by Adler and Milhorat® (narrow [24.5-27 mm], typical
[27.1-31.9 mm], or wide [32-39]), and characterisation of other
intracranial lesions secondary to trauma or brain herniation; 4) neu-
rophysiological study results; and 5) prognosis in terms of motor
function and overall clinical status (modified Rankin Scale’ [mRS]).

Results

Our series included a total of 12 patients. Table 1 presents
our sample’s epidemiological, clinical, therapeutic, and prognos-
tic characteristics and neurophysiological study results. Table 2
summarises the most relevant imaging findings. All patients were
right-handed. No differences were observed in the sex distribution.
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Table 1

Clinical characteristics and neurophysiological study results from our series of patients.

Patient Age/sex  Onset/cause Neurological Treatment Progression mRS MEP
examination
Post-surgery Follow-up

1 32/¢ SA/right frontal GCS 12 (E3V3Mé), Emergency GCS 15, right 6 m: no motor 0 (6) Not performed
abscess deterioration to craniectomy hemiparesis (4+/5) impairment; 1 vy:
(toxoplasmosis) GCS 3 death (AIDS)

2 40/ A/aSDH + SAH + GCS 3, bilateral Emergency GCS 9[T] 2 m: cognitive 2 Not performed
depressed skull mydriasis, right craniotomy (E2V1[T]M6), right impairment; right
fracture and right otorrhagia, hemiparesis (3/5), pyramidal signs
temporal epistaxis pyramidal signs + without motor
contusion (traffic signs of third deficits
accident) cranial nerve

involvement

3 23/a A/aSDH + right GCS 3, right Emergency GCS 9[T] 1y: vegetative 5 (6) Not performed
hemisphere mydriasis craniectomy (E4V1[TIM4), state; no motor
contusion (assault) quadriparesis changes; death

(right: decer.; (pneumonia)
left: decort.)

4 62/c C/right supra- GCS 15, Elective No changes Death 4 (6) Impaired
infratentorial quadriparesis craniotomy (pneumonia) central motor
epidermoid cyst (right: 3/5; left: conduction,

4+/5), paresis of left CST
lower cranial
nerves

5 61/c SA/postoperative GCS 15, right Conservative — 6 m: pyramidal 1(6) Not performed
bleeding (right hemiparesis treatment signs without
frontal GB, (4—/5), left (steroids) motor deficits;
acenocoumarol) residual death (GB)

hemiparesis (4+/5)
after surgery for
GB

6 71/9 A/right cSDH with GCS 8 (E1V2M5), Not treated = 13 d: death 6 Not performed
rebleeding (fall; right hemiparesis (cognitive
acenocoumarol) (0/5) + right impairment)

mydriasis
7 85/¢9 A/left aSDH GCS 4 (E1VIM4), Not treated — 10 d: death 6 Not performed

(spontaneous;
acenocoumarol)

left decer., left
mydriasis

(cognitive
impairment)

£69—£89 (¥707) 6€ el30j0INaN
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Table 1 (Continued)

Patient Age/sex  Onset/cause Neurological Treatment Progression mRS MEP
examination
Post-surgery Follow-up
8 25/c A/diffuse oedema GCS 7 (E1VIM5), Conservative — 6 m: cognitive 3 Not performed
(traffic accident) right decer. treatment impairment, right
(neurointen- hemiparesis with
sive) pyramidal signs
(4+/5); 6 y: no
improvement
9 55/¢ A/diffuse oedema GCS 7 (E1VIM5), Conservative — 5 m: cognitive 4 Impaired
+ SAH (traffic right hemiparesis treatment impairment, right central motor
accident) (0/5), right (neurointen- hemiparesis with conduction,
mydriasis sive) pyramidal signs left CST
(0/5) (see Video in
Supplementary
material)
10 16/5 A/left occipital Headache + left Decompressive GCS 15 (E4V4M6), 10 m: pyramidal 1 Not performed
parenchymal hemiparesis craniectomy left hemiparesis signs + tremor +
haemorrhage (4—/5), (4—/5) right superior
(AVM) deterioration to quadrantanopia
GCS 6 (E1V1IM4),
left decer., left
mydriasis
11 58/¢ C/meningioma in GCS 15, motor Elective GCS 15, dysnomia, 1 y: dysnomia, left 1 Impaired
greater wing of dysphasia, left craniotomy left hemiparesis pyramidal signs central motor
the left sphenoid hemiparesis (4+/5 (4+/5) conduction,
bone brachial, 4—/5 right CST
crural)
12 47/¢ C/left petroclival GCS 15, left Elective 1) GCS 15, left 1) 1 w: left 3 1) Transient
meningioma hemiparesis (4+/5) craniotomy hemiparesis (0/5) hemiparesis loss of right
(x2) (4—/5) CST signal
2) GCS 15, 2)3m: 2) Loss of left
quadriparesis quadriparesis CST signal

(left: 4—/5, right:
2/5) +
involvement of
cranial nerves
VII=XI

(left: 4+/5, right:
4—/5)

"|e 19 ZapurUIS IOIA ) ‘IAeD) Jendsed ‘W' ‘0JOW 0dselle) 'y

A: acute; aSDH: acute subdural haematoma; AVM: arteriovenous malformation; C: chronic; cSDH: chronic subdural haematoma; CST: corticospinal tract; d: day; decer.: decerebrate
rigidity; decort.: decorticate rigidity; E: eye response (GCS); GB: glioblastoma; GCS: Glasgow Coma Scale; m: month; M: motor response (GCS); MEP: motor evoked potentials; mRS:
modified Rankin Scale; SA: subacute; SAH: subarachnoid haemorrhage; T: tracheostomy; V: verbal response (GCS); w: week; y: year.
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Table 2 Neuroimaging findings in our series.

Patient CT MRI
Time of Mass effect Peduncle Time of Peduncular lesion: T T2 FLAIR GRE DWI/ADC DTI Tentorial Other lesions
perfor- performance morphol- notch
mance ogy/topography
1 PreOp MLS + uncal Compressed PostOp (8 days) Elongated/extensive, 1 4 b No HS 4/no DR Not Not No
herniation ventral-dorsal, lateral deposition performed measured
+ central
4 foci
2 PreOp MLS + uncal Compressed PostOp (20 Elongated/ventral Not visible 4 T No HS Not Not Not DAI
herniation days) lateral deposition performed performed measured
3 PreOp MLS + uncal Compressed PostOp (2 Round/ventral & 4 1 Peripheral HS | /no DR Not 29.8 mm Ischaemia in
herniation months) central deposition (1/peripheral performed right PCA and
PostOp No Lesion | DR) both ACAs
density
4 PreOp Brainstem Compressed PreOp Peduncle deformation — - - No HS Normal Not Not No
displacement (groove) deposition performed measured
5 At onset MLS Compressed 5 days after Oval/ventral lateral I 4 1 No HS Not Not 29.5 mm No
onset deposition performed performed
6 At onset MLS + uncal Compressed, 1 8 days after Oval/ventral lateral 1 4 b Not 1/DR Partial lesion 24.8 mm No
herniation density in onset performed to CST
lateral edge
7 At onset MLS + uncal Compressed Not performed
herniation
8 At onset MLS + perimes-  No deformities 6 months after  Oval/ventral lateral 1 4 0 Oval HS Not Not 29 mm DAI
encephalic or lesions onset deposition performed performed
cistern
effacement,
petechial
haemorrhages
9 At onset MLS + perimes-  No deformities 2 months after Oval/ventral lateral Not visible ¢ b No HS 1+/DR Not 24.1 mm DAI, SS
encephalic or lesions onset deposition performed
cistern
effacement,
foci of SAH
10 PreOp MLS + uncal Compressed PostOp (4 Oval/ventral Not visible 1 1 No HS 1+/DR Normal CST 28.6 mm Malacia at
herniation months) lateral deposition surgical site

£69—£89 (¥707) 6€ el30j0INaN
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Table 1 (Continued)

Patient CT MRI

Time of Mass effect Peduncle Time of Peduncular lesion: T1 T2 FLAIR GRE DWI/ADC DTI Tentorial Other lesions

perfor- performance morphol- notch

mance ogy/topography

PostOp No No lesion
11 PreOp MLS Compressed PreOp Peduncle deformation  — - - - Normal Not 28.1 mm No

(groove) performed
PostOp No MLS No lesion PostOp (3 Normal - - - - Normal Normal CST 28.1 mm Malacia at
months) surgical site
12 PreOp Brainstem Compressed PreOp Peduncle deformation  — = — - Normal Not Not No
displacement (groove) performed measured
PostOp No Lesion | PostOp (7 days) Oval/ventral lateral 1 4 b No HS 1/DR Not 28.1 mm Left pontine
density deposition performed ischaemia

ACA: anterior cerebral artery; CST: corticospinal tract; CT: computed tomography; DAI: diffuse axonal injury; DR: diffusion restriction; HS: haemosiderin; MLS: midline shift; MRI: magnetic
resonance imaging; PCA: posterior cerebral artery; PostOp: postoperative; PreOp: preoperative; SAH: subarachnoid haemorrhage; |: hypointensity; 1: hyperintensity.
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Age ranged from 16 to 85 years (mean: 47.9; median: 50). The ini-
tial symptoms were acute or subacute in 75% of patients, caused
by head trauma (in 5 patients), intracranial haemorrhage (3), or
a rapidly progressive expansive process (an abscess in patient 1).
Two-thirds of patients presented impaired consciousness, and half
of the sample displayed pupillary dilation. In 10 patients, the ini-
tial examination revealed bilateral motor deficits, with more severe
involvement in the limbs ipsilateral to the intracranial lesion trig-
gering the symptoms.

All patients underwent CT studies, and all but one underwent
MRI (Table 2, Fig. 1). In all cases, the baseline imaging study
revealed an intracranial mass effect, which most frequently caused
midline shift with or without signs of uncal herniation (50%); other
relevant findings included perimesencephalic cistern obliteration
secondary to diffuse parenchymatous oedema (patients 8 and 9)
and lateral brainstem displacement caused by masses located at
the level of the tentorial notch (patients 4 and 12) (Table 2).
Imaging studies revealed a structural lesion at the level of the
cerebellar peduncle in two-thirds of cases (Fig. 1, Table 2). The
tentorial notch was classified as typical in 6 patients and narrow in
2 (patients 6 and 9).

Four patients underwent central motor conduction studies with
transcranial magnetic stimulation, which revealed alterations in
corticospinal tract (CST) conduction contralateral to the lesion in
3 of them (patients 4, 9, and 11). In patient 12, the intraoperative
study revealed transient, complete loss of motor evoked potentials
(MEP) contralateral to the lesion in the first intervention, and a sud-
den, persistent loss of MEP in the left CST during the second surgical
procedure (see Video in the Supplementary material).

Decompressive surgery was performed in 58.33% of patients;
patient 12 underwent 2 surgeries, one following a supratentorial and
the other an infratentorial approach. Follow-up time varied greatly,
ranging from 7 days to one year (mean, 157 days). Motor function
improved with respect to baseline in 7 patients. Regarding func-
tional outcomes, 41.66% of patients scored 0-2 on the mRS. Surgery
was contraindicated in 2 cases due to severe comorbidities (patients
6 and 7), and 4 patients died due to progression of the underlying
disease or related complications (patients 1, 3, 4, and 5).

Discussion

Kernohan-Woltman notch phenomenon: an exceptional
neurological picture?

Although it is difficult to establish the exact frequency of KWNP in
clinical practice, the most recent literature reviews (which mainly
include case reports) suggest that this is an exceptionally rare
phenomenon.*> However, in the light of the case series presented
here, we believe that the incidence of KWNP may be underesti-
mated. The number of original cases presented here is considerably
higher than in previous studies, which underscores the need not
only to raise awareness of this phenomenon among clinicians but
also to perform detailed neurological examinations; this was already
suggested nearly a century ago by the Belgian neurosurgeon Léon
Ectors, a pioneer in the study of the association between KWNP and
extra-axial expansive processes located in the greater wing of the
sphenoid bone. 0

Compared to historical series, where IH was mainly described
in patients with intracranial neoplasia,> our series shows that this
phenomenon most frequently develops rapidly, in the context of
head trauma or intracranial haemorrhage (Table 1). It is there-
fore unsurprising that, in these patients, motor impairment (which
is frequently bilateral) is accompanied by alterations in the level
of consciousness and pupillary dysfunction; this stands in contrast
with patients developing isolated IH secondary to a slower-growing
expansive process.

Pathophysiological mechanisms of KWNP

A systematic review of historical series proposed 3 main patho-
physiological mechanisms for IH2 (Fig. 2): 1) absence of CST
decussation,'! 2) compression of the contralateral cerebral pedun-
cle against the tentorial notch (ie, KWNP),3:1213 and 3) diaschisis
or dysfunction of the contralateral CST secondary to commissural
fibre dysfunction.'*'> Today, a wide range of tools (mainly MRI trac-
tography and MEP studies) are available for differential diagnosis
between the first 2 hypotheses, whereas the third possibility is diffi-
cult to confirm or rule out in clinical practice, although some authors
continue to support it.6:17

Based on the imaging and neurophysiological study results from
our series, we may conclude that all cases of IH were due to KWNP
(Tables 1 and 2). In most cases, imaging studies revealed compres-
sion of the cerebral peduncle contralateral to the expansive process
causing the symptoms, which in some cases was associated with an
underlying structural lesion at that anatomical location (Table 2,
Fig. 1, Supplementary material). It should be noted that the main
innovation of the famous study published by Kernohan and Woltman?
in 1929 was to demonstrate, in a series of cadavers, the presence of
anotch, groove, or elastic deformation in the contralateral cerebral
peduncle caused by compression against the tentorial edge.

Diagnosis of KWNP: characterisation of the peduncular
lesion with MRI

In addition to the peduncular deformation, Kernohan and Woltman?
identified a mesencephalic lesion underneath some of these
grooves. From a microscopic viewpoint, the lesion was defined by
myelin destruction and corticospinal fibre degeneration, of vari-
able severity in both cases, and occasionally accompanied by focal
haemorrhage.? This lesion, originally described by Groeneveld and
Schaltenbrand'? in 1927 and first demonstrated in MRI studies in
1990,"® seems to represent the pathological substrate for the sig-
nal alterations detected with MRI in our series (Table 2, Fig. 1,
Supplementary material). These peduncular lesions are frequently
identified on MRI as an area of increased signal intensity at the ven-
trolateral peduncular edge on T2-weighted and FLAIR sequences,
but are more difficult to detect with CT and on T1-weighted
sequences due to their low density and signal intensity, respec-
tively (Table 2, Fig. 1).%%1819 They are usually round or oval in
axial slices, and may appear triangular in coronal slices.*> 1819 We
should point out that the most sensitive sequences are diffusion-
weighted and diffusion tensor sequences, which can even identify
lesions that are not visible on conventional or structural MRI
sequences.20-22

Although the development of these peduncular lesions has
historically been attributed to a purely compressive mechanism,
Kernohan and Woltman® were unable to rule out the role of under-
lying ischaemic mechanisms. In fact, a recent study provided
pathological evidence of the role of ischaemic events secondary
to compression and/or distortion of perforating arteries originating
from the posterior cerebral artery and/or the superior cerebel-
lar artery; this may contribute to the polymorphism of peduncular
lesions and to the variability in their topographical distribution
and extension.?>2% Furthermore, the presence of oedema or focal
ischaemia may explain the observation of marked alterations in
diffusion-weighted and diffusion tensor sequences, without this
necessarily implying poor long-term motor prognosis, as prognosis
ultimately depends on the severity of the structural lesion to CST
axons. 2!

As an exception to the traditional pathophysiological model of
the development of KWNP, 2 patients in our series who presented
post-traumatic diffuse cerebral oedema without midline shift but
who did display perimesencephalic cistern obliteration later devel-
oped peduncular lesions (patients 8 and 9, Tables 1 and 2).
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Figure 1  Selection of the most relevant findings from diagnostic studies in our series. (A-C) Patient 1. Brain MRI scan performed
after right frontotemporoparietal craniectomy and drainage of an abscess in the right frontal lobe. A) T2-weighted sequence
(coronal view) revealing residual oedema in the right frontal brain parenchyma (asterisk), with mild brain herniation through the
craniectomy defect (white arrows), as well as a hyperintense lesion in the left cerebral peduncle (black arrow), located at the level
of the tentorial notch and extending along the longitudinal axis. B) Diffusion-weighted sequence revealing signal hyperintensity
involving the left midbrain nearly completely (arrow), with no evidence of diffusion restriction on the ADC map (C; arrow). (D-
E) Patient 2. Postsurgical MRI scan, T2-weighted sequences (D: coronal view; E: axial view). Signal hyperintensity in the right
temporal lobe, associated with contusion (asterisks in D and E). Residual tentorial notch in the left cerebral peduncle (white circle
in D) associated with a hyperintense lesion at the ventrolateral edge of the peduncle (arrow in E). The MRI scan also revealed other
hyperintense lesions involving the axons of the left posterior temporal corticosubcortical region and the corpus callosum (white
arrows in D and E). F-l) Patient 3. Postsurgical MRI scan. F) T2-weighted sequence (axial view) at the level of the interventricular
foramina, showing morphological alterations following decompressive craniectomy, with brain herniation through the bone defect
and ventricular dilation associated with communicating hydrocephalus. The image also reveals signs of chronic ischaemia in the
territories of both anterior cerebral arteries and the right posterior cerebral artery (white arrows in F), as well as malacia following
the resolution of contusion foci in the right temporal lobe and insula (asterisk in F). G) T2-weighted sequence (axial view) at the level
of the midbrain revealing a lesion in the central region of the left cerebral peduncle, with identical signal to that of cerebrospinal
fluid on T2- and diffusion-weighted sequences and on ADC maps (black arrows in G, H, and |, respectively). (J) Patient 8. Magnetic
susceptibility sequence showing haemosiderin deposition at the level of the lesion in the left cerebral peduncle (white arrow).
(K-N) Patient 11. Preoperative MRI. A T1-weighted sequence following paramagnetic contrast administration (K: coronal view; L:
axial view) showed an extra-axial expansive process in the greater wing of the left sphenoid bone (asterisk in K) associated with
peripheral vasogenic oedema (white arrows in K), resulting in a mass effect with midline shift to the right (transparent arrow in
K), causing deformation with flattening of the right cerebral peduncle secondary to compression against the tentorial notch (white
arrows in L). A motor evoked potential study (M) revealed slower central conduction time and decreased amplitude in the right
corticospinal tract (transcranial magnetic stimulation of the right motor cortex; recording in the left abductor minimi digiti). N)
Follow-up MRI scan (coronal T2-weighted sequence) performed after surgical resection of meningioma, showing disappearance of
the mass effect, with brain structures returning to the normal anatomical position, and no signs of structural lesions at the level of
the right peduncle.
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1) Diaschisis

2) Kernohan-Woltman notch
phenomenon
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Figure 2 The main pathophysiological hypotheses for the development of ipsilateral hemiparesis.? Schematic representation of a coronal section of the brain: the dotted line
represents the projection of the right corticospinal tract, with decussation at the level of the junction between the medulla oblongata and the spinal cord (the large arrowhead
indicates the crossed pyramidal tract whereas the small arrowhead indicates the direct pyramidal tract). 7) Theory of brain dysfunction caused by a remote brain lesion, proposed
by the Mauritian physiologist and neurologist Charles-Edouard Brown-Séquard' (1817-1894), which served as the basis for the concept of diaschisis proposed by Constantin von
Monakow (1853-1930). According to this concept, in the context of ipsilateral hemiparesis, a brain lesion affecting the primary motor area of the dominant hemisphere (black
lightning symbol) may cause contralateral motor dysfunction secondary to impaired communication through the commissural fibres of the corpus callosum (black dashed arrow).
2) Kernohan-Woltman notch phenomenon.? Brainstem displacement (solid black arrow) resulting in a groove in the cerebral peduncle caused by compression against the tentorial
notch; it may be associated with a structural lesion to the corticospinal tract (dotted line and black arrows). 3) Theory of the lack of decussation of corticospinal tract fibres,"!
demonstrated with the anatomoclinical method proposed by Albert Pitres (1848-1928) and Jean-Martin Charcot (1825-1893).
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In similar cases, it has been suggested that the lesion may be
explained by a dynamic pathophysiological mechanism consisting
of rapid lateral displacement and compression of the peduncle
against the tentorial edge.?2>26 We should also mention patient
12 from our series (Tables 1 and 2), who presented complete loss
of MEP in the contralateral CTS during surgery for left petrocli-
val meningioma; this was probably a iatrogenic complication of
surgery, which translated clinically into postsurgical hemiplegia
with rapid functional improvement in the immediate postoperative
period (Supplementary material). This observation further supports
the pathogenic role of dynamic factors in the development of
peduncular compression,?’ and also points to the involvement of
space-occupying lesions at the level of the tentorial notch?® (in our
patient, the tumour that motivated the intervention). We should be
mindful that a narrow tentorial notch has traditionally been consid-
ered a predisposing factor for KWNP.'%:2? |n our series, most patients
in whom the tentorial notch was measured presented typical dimen-
sions according to the classification of Adler and Milhorat?® (Table 2).
Although this classification constitutes the most detailed systematic
description of this anatomical structure as compared to previous
studies,*32 our data should be interpreted with caution due to
the methodological particularities of the reference study® and the
lack of similar studies in our setting.

Prognosis of ipsilateral hemiparesis secondary to
Kernohan-Woltman notch phenomenon

Regarding the prognosis of motor function following KWNP, our
series showed the reversible nature of the deficit in cases exclu-
sively presenting an elastic deformation of the cerebral peduncle
(patients 11 and 12). In patient 4, in contrast, deficits persisted
in the immediate postoperative period; long-term follow-up data
on motor function is not available. Motor function recovery was
variable in patients presenting structural lesions involving the cere-
bral peduncle (Table 1). Several studies have shown the important
role of cytotoxic oedema in the initial stages of peduncular lesions
(both from a clinical and a radiological viewpoint), whereas the
degree and severity of CST fibre involvement are determining fac-
tors in the irreversibility of IH and in functional prognosis.2!%2
To confirm or rule out this hypothesis, serial MRI studies includ-
ing diffusion-weighted and diffusion tensor sequences should be
performed to establish a correlation between signs of a structural
lesion to the cerebral peduncles and long-term clinical progression
of motor deficits. The poor prognosis observed in our series (defined
as high mRS scores) was influenced by the development of ischaemic
lesions secondary to brain herniation (patient 3) or diffuse axonal
lesions (patients 8 and 9); surgery was ruled out in 2 patients due
to severe comorbidities (patients 6 and 7).

Conclusions

After thorough analysis of the clinical data, pathophysiological
mechanisms, and neuroradiological and neurophysiological study
results from a series of 12 patients with diagnosis of IH secondary
to KWNP, we drew the following conclusions:

1. Compared to previously reported series, our series presents a
higher frequency of KWNP secondary to head trauma and a lower
frequency of KWNP secondary to tumours.

2. KWNP is frequently caused by compression (or contusion) of the
cerebral peduncle against the tentorial notch, which may cause
a structural lesion to the CST at this level.

3. Presence of a narrow tentorial notch and/or a pathological entity
involving the area of this anatomical structure may predispose
to KWNP.

4. MRI is the imaging technique of choice to confirm KWNP, partic-
ularly with diffusion-weighted and diffusion tensor sequences.

MEP studies may help to support diagnosis of KWNP and rule out
other mechanisms of IH.

5. The motor prognosis of patients with KWNP depends on the
severity of CST axonal involvement. Larger studies with serial
MRI scans and longer follow-up periods are needed to understand
the nature, severity, and progression of peduncular lesions.
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