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The neuroanatomy of asomatognosia and

somatoparaphrenia

Todd E Feinberg,' Annalena Venneri,** Anna Maria Simone,* Yan Fan,®

Georg Northoff®

ABSTRACT

Objectives Asomatognosia is broadly defined as
unawareness of ownership of one’s arm, while
somatoparaphrenia is a subtype in which patients also
display delusional misidentification and confabulation.
Studies differ with regard to the underlying neuroanatomy
of these syndromes.

Methods Three groups of patients with right-
hemisphere strokes and left hemiplegia were analysed:
(1, asomatognosia+neglect; G2, non-asomatognosia
+neglect; G3, hemiplegia only. The asomatognosic group
was further subdivided into somatoparaphrenia (G1-SP:
asomatognosia +delusions/confabulation) and simple
asomatognosia (G1-SA; asomatognosia without
delusions/confabulation).

Results Patients with all forms of asomatognosia (G1)
had larger lesions than non-asomatognosic patients in all
sectors. While patients with or without asomatognosia
had significant temporoparietal involvement, we found
that the subset of patients with somatoparaphrenia had
the largest lesions overall, and somatoparaphrenia cases
had significantly more frontal involvement than patients
with simple asomatognosia. All patients with
asomotognosia (G1-SP and G1-SA) had significant
medial frontal damage, suggesting that this region may
play a role in the development of asomatognosia in
general. Somatoparaphrenia cases also had greater
orbitofrontal damage than simple asomatognosia cases,
suggesting that the orbitofrontal lesion was critical in the
development of somatoparaphrenia.

Conclusions Asomatognosia results from large lesions
involving multiple—including temporoparietal—sectors,
but the addition of medial frontal involvement appears
important. The addition of orbitofrontal dysfunction
distinguishes somatoparaphrenia from simple
asomatognosia. The data indicate roles for the right
medial and orbitofrontal regions in confabulation and self-
related systems.

Asomatognosia, literally ‘lack of recognition of the
body,” is among the most striking self-related
neurobehavioural syndromes. The most common
form of asomatognosia is the non-recognition and
denial of ownership of the left arm in the setting of
right (non-dominant) hemisphere damage, left
hemiplegia, left hemisensory deficits and hemi-
spatial neglect.!~°

The form and degree of the asomatognosic
response vary considerably among patients. Gerst-
mann® © distinguished simple disturbances of
memory or consciousness of the affected body
parts—conditions he called autosomatamnesia and
autosomatagnosia—from more elaborate delusional

and confabulatory manifestations that he termed
‘somatoparaphrenia.” The term ‘asomatognosia’
was later introduced by Critchley' as broadly
representing ‘loss of awareness of one body-half.’
These distinctions serve to emphasise the range of
asomatognosic responses. Hence, in some cases of
asomatognosia, patients appear simply unaware of,
or confused regarding, the ownership of the limb.
These patients may mistake their arm with the
examiner’s arm or simply profess ignorance to
whom the arm belongs. In these patients, however,
it is often the case that the error can be corrected if
the true identity of the arm is pointed out to the
patient or the patient traces the left arm up to its
connection with the shoulder.

However, both Gerstmann® and Critchley' 2
pointed out that in other cases of asomatognosia,
the misidentification of the arm may have consid-
erable confabulatory elaboration and be accompa-
nied by elaborate delusions. In these circumstances,
the patient adamantly insists that the arm is not her
own, despite irrefutable proof that the arm is
attached to the body, and the patient produces
elaborate confabulations as to how the arm got
there or who it ‘eally’ belongs to. In some
instances, the arm may even be treated like a child,
given a nickname, or treated like a separate person
with a separate identity.! 4 !

Investigations of the underlying anatomy of
somatoparaphrenia have had varying results. One
prior neuroanatomical study of asomatognosic
patients found that the neuropathology in these
cases was centred on the right supramarginal gyrus
and thalamoparietal ~projections.” Baier and
Karnath? found that a ‘disturbed sensation of limb
ownership” (DSO) was associated with right
posterior insula damage. In a recent comprehensive
literature review, Vallar and Ronchi® found that
most prior studies of somatoparaphrenia indicated
a primary role for posterior (temporo-parietal junc-
tion) lesions in the genesis of the condition,
although there have been reports of cases with
extensive fronto-tempero-parietal lesions.

None of these studies attempted to determine
whether there were any anatomical differences
between those cases that had uncomplicated errors
of recognition, such as simply denying ownership
or calling the arm the ‘doctor’s arm,” from those
cases with adamant, refractory denial of ownership,
and extended and repeated delusions and confabu-
lations about the arm. It may be that further frac-
tionation of clinical subtypes might reveal some
finer-tuned clinical—anatomical relationships that
could help explain some of the anatomical vari-
ability of prior studies of the syndrome.
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METHODS

Sample

Cases in group G1 (n=13) were examined by one of the authors
(TEF) and were selected retrospectively for the purposes of the
current investigation. Cases in G2 (n=7) and G3 (n=6) were
studied by AV. All cases underwent clinical neurological exami-
nations, including evaluation for hemispatial neglect via line
cancellation task'? and brain imaging within 1 week of acute
hospitalisation. The presence of asomatognosia was determined
according to the standardised protocol described in Feinberg
et al.® In this method, the examiner approaches the patient from
the right-hand side and first raises the patient’s right arm, asking
the patient ‘What is this?’ If the patient correctly identifies the
right arm, the examiner then brings the left arm into the right
hemispace, and the question is repeated. Based upon their
responses, patients were judged to be asomatognosic or non-
asomatognosic. Additionally, if the patient produced extended
beliefs, delusions or confabulations about the arm, these were
recorded. All patients in groups 1—3 had acute right-hemisphere
strokes and left hemiplegia. The demographics of the three
groups are shown in table 1.

Thirteen cases met criteria for group 1: asomatognosia-+neglect.
All patients in this group had left hemiplegia, hemispatial
neglect, severe proprioceptive and somatosensory defects, and
at a minimum denied ownership of the left arm. However,
consistent with the observations of Critchley’ ? and Gerst-
mann,” there was a considerable range of responses regarding the
asomatognosia that varied from simple denial of ownership to

Table 1 Demographics of groups G1-G3
Group 1: asomatognosia

Age/
Patient sex Aetiology
G1-1 52/M Ischaemic stroke
G1-2 75/M Ischaemic stroke
G1-3 62/M Ischaemic stroke
G1-4 81/F Ischaemic stroke
G1-5 45/F Haemorrhagic stroke
G1-6 53/M Haemorrhagic stroke
G1-7 79/W Ischaemic stroke
G1-8 73/M Ischaemic stroke
G1-9 82/F Ischaemic stroke
G1-10 82/F Ischaemic stroke
G1-11 82/F Ischaemic stroke
G1-12 64/M Ischaemic stroke
G1-13 83/F Ischaemic stroke
Group 2: non-asomatognosia+neglect
G2-1 48/M Ischaemic stroke
G2-2 57/F Ischaemic stroke
G2-3 76/M Ischaemic stroke
G2-4 81/M Ischaemic stroke
G2-5 67/M Ischaemic stroke
G2-6 64/F Ischaemic stroke
G2-7 85/M Ischaemic stroke
Group 3: hemiplegia only
G3-1 68/M Ischaemic stroke
G3-2 66/F Ischaemic stroke
G3-3 44/F Ischaemic stroke
G3-4 31/M Ischaemic stroke
G3-5 40/F Ischaemic stroke
G3-6 50/M Ischaemic stroke

All patients have left hemiplegia. Patients in group 1 had severe, group 2 moderate, and
group 3 mild or no proprioceptive and somatosensory defects.

G1, all asomatognosic cases; G2, non-asomatognosia with hemispatial neglect; G3, only
hemiplegia.
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extended delusional narratives about the identity of the arm. In
the latter case, the confabulations and delusions were repeated on
more than one occasion, were reported with great conviction and
were relatively refractory to correction by the examiner. In order
to explore potential anatomical differences that might corre-
spond to the observed clinical variations in the extent and nature
of the asomatognosia, the asomatognosic responses of each
patient were also grouped according to the degree of confabula-
tory and delusional elaboration. The criteria for the presence of
somatoparaphrenia (G1-SP) included the extent, degree and
nature of the confabulations regarding the arm. Considerations
used were the bizarreness of the misidentification, such as iden-
tifying the arm as an inanimate object, the length and degree of
elaboration beyond simple misidentification or personal rejection
of the arm, or the attribution of the arm to a person other than
the examiner, such as a relative. We also noted the presence of
other confabulatory elements regarding person or places, such as
misidentifications or reduplications of persons or places. In this
manner, asomatognosic cases were roughly grouped into
a somatoparaphenia subtype (G1-SP) who displayed the most
extensive and refractory confabulatory or delusional content
(cases G1-1 to G1-7) and a simple asomatognosia subtype (G1-
SA) that displayed the least confabulatory content (cases G1-8 to
G1-18; table 1; appendix).

In order to control for the influence of hemiplegia and
neglect alone, seven cases in group 2: non-asomatognosia
+neglect were identified that did not demonstrate either soma-
toparaphrenia or asomatognosia but did display hemiplegia and
hemispatial neglect. Patients in group 2 were also found to have
moderate proprioceptive and somatosensory defects. In order to
control for the presence of hemiplegia only, six patients in group
3: hemiplegia only had hemiplegia without asomatognosia or
neglect. These cases were found to have mild or absent propri-
oceptive and somatosensory defects. One group of subjects was
examined by one author (AV) as part of a larger study approved
by the local IRB, and informed consent was obtained. We also
report subjects that were personally examined by one of the
authors (TEF) over a 20-year period as part of their routine
clinical care, and all cases examined over that period with suffi-
cient data regarding the presence of asomatognosia and soma-
toparaphrenia were included in the investigation. The data
regarding these examinations were analysed retrospectively;
these cases were not part of a research protocol, and all data are
deidentified and therefore considered exempt from IRB approval
or informed consent.

Lesion identification and quantification

All patients had been scanned with CT within a week of
hospitalisation. Lesions for each patient were drawn manually
on each scan in their own native space (CT scan) and super-
imposed onto the specific Damasio and Damasio’s'® template
that best matched the orientation of the tomographic image. A
digital fitting of each lesion onto the template was carried out for
each patient, to convert lesions from native space into standard
template space. Lesion size in mm® was determined from the
converted standard template space (by multiplying the two-
dimensional lesion size by slice thickness). The brain areas
involved with the lesion in each patient were identified using the
Brodmann areas (BAs) labelling marked on each patient’s
summary template. A summary template for each group was
then obtained by overlaying each patient lesion summary onto
one template per group. A summary template for each group was
then obtained by overlaying each patient lesion summary onto
one template per group (Figure 1)
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Figure 1
delusions/confabulation; G2, non-asomatognosia with hemiplegia and hemispatial neglect; G3, hemiplegia only. G1, 13 cases; G1-SP, 7 cases; G1-SA,
six cases; G2, seven cases and G3, six cases. Lesions for each patient were drawn manually on each scan in their own native space (CT scan) and
superimposed onto the specific Damasio and Damasio’s'® template that best matched the orientation of the tomographic image.

RESULTS

The total number of cases with involvement in each anatomical
sector is shown in table 2. Patients with all forms of asomatog-
nosia (G1) had larger lesions than non-asomatognosic patients in
all sectors. A ? test comparing G1 (13 patients) and G2+G3 (13
patients together) found that G1 had larger lesions in the frontal
lobe (%*(1)=5.556, p<0.05), the temporal lobe (%*(1)=14.519,
p<0.001), the parietal lobe (%*(1)=4.083, p<0.05) and the
occipital lobe (%*(1)=8.805, p<0.01). G1 also had more lesion
involvement than G2+G3 in the medial frontal lobe (%*(1)=
5.000, p<0.05) but not the lateral frontal lobe (%*(1)=0.818,
p>0.1) or the orbital frontal lobe (%*(1)=2.000, p>0.1).

When asomatognosic subgroups were considered, we found
that G1-SP showed more lesion involvement than G1-SA in the
frontal, temporal, parietal and occipital lobe (p<0.001). G1-SP
also showed more lesion involvement than G2 in the frontal
(p<0.002) and temporal (p<0.001) lobes but not in the parietal
occipital lobes. G1-SP showed more involvement than G3 in all
lobes (p<0.001). In terms of the total burden of involvement,
there were no significant differences between G1-SA and G2, and
there were no significant differences in lesion involvement
between G1-SA and G3 in the frontal or the temporal lobe, but
G1-SA had more lesion involvement than G3 in the parietal lobe
(%%(1)=5.333, p<0.05) and the occipital lobe (G1-SA=19, G3=0).

Within frontal subsectors, we found that G1-SP showed more
involvement than GI1-SA in the medial frontal lobe (y2(1)=
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Templates of groups. G1, all asomatognosia cases; G1-SP, asomatognosia with delusions/confabulation; G1-SA, asomatognosia without

14.000, p<0.001), the lateral frontal lobe (3*(1)=24.000,
p<0.001) and the orbital frontal lobe (G1-SP=6, G1-SA=0).
However, when the degree of frontal damage was measured as
a function of the percentage of cases with involvement within
frontal subsectors (table 3), we again found that G1-SP cases had
the greatest cumulative burden of damage compared with all
other groups, but both G1-SPand G1-SA had more cases with any
medial damage compared with that seen in G2 and G3. Finally,
although G1-SP and G1-SA did not differ from each other in the
percentage of patients with medial damage, there was much
greater frontal orbital damage in G1-SP when compared with G1-
SA (G1-SP 57.14% vs G1-SA 0%). Finally, although a greater
percentage of G1-SP cases had lateral frontal involvement when
compared with GI1-SA (G1-SP 100% vs G1-SA 16.67%), G2 also
showed 100% lateral involvement, and G3 had 83.33% lateral
involvement, suggesting that lateral frontal involvement, at least
alone or even in combination with parietal damage, did not
distinguish the asomatognosic from the non-asomatognosic
patients.

DISCUSSION

In this investigation, we confirmed previous reports implicating
parietal and temperoparietal damage in asomatognosia,'® and
further that there are significant anatomical differences between
asomatognosic, confabulatory/delusional asomatognosic and
non-asomatognosia patients. We first found that patients with
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