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Fig. 1 Body weight and laboratory data.

The hyperosmolar hyperglycemic states (HHS) occurred when the patient was aged 68 and 74 years (11 and 17 years

after the onset of amyotrophic lateral sclerosis (ALS), respectively). At the first episode, his maximum blood glucose

level was 702 mg/dl and hemoglobin Alc level was 9.8%; at the second episode, these levels were 948 mg/d/ and 9.8%,

respectively. His serum creatinine level decreased to a minimum of 0.09 mg/d/ before the first episode, increased

gradually before the second episode, and then sharply increased to 0.98 mg/d/ one year later. The patient’s body weight

gradually increased concurrently with a decrease in serum albumin levels after the first episode. His serum albumin

level was 1.8 g/dl and the body weight was 59 kg immediately prior to the autopsy.
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Fig. 2 Pathological findings in the pancreas, kidneys, liver, and muscles.

A: The pancreas was dotted with Hyalinized islets of Langerhans. B: Glomerular sclerosis and interstitial fibrosis were observed in the

kidneys. C: The periportal parts of the liver showed steatosis. D: The iliopsoas was almost completely replaced by fat tissue. Multinucleated

satellite cells (arrow) were scattered throughout this muscle. (A: Congo red stain. B, C, and D: hematoxylin and eosin stain. Bars: 200 pum in A,

B, and C; 500 pm in D.)
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Fig. 3 Neuropathological findings in the brain, spinal cord and hypoglossal nucleus.

A: The formalin-fixed brain weighed 985 g. The widths of the gyri were reduced in the frontal lobe compared with those in the parieto-occipital

lobes. Dilatation of the precentral sulci was evident (arrows). B: There was marked atrophy at the anterior (arrowheads), lateral (arrows), and

anterolateral funiculi (asterisks) at the C7 level of the spinal cord and reduced number of myelinated fibers. The dorsal funiculi were relatively

preserved. C: Large neurons were diminished and a few small-sized neurons remained in the anterior horn (arrows). D: A few remaining small-

sized neurons (arrows) were examined in the hypoglossal nucleus. E: The remaining neurons in the hypoglossal nucleus were positive for
phosphorylated TDP-43. (B, C, and D: Kliiver-Barrera stain. E: phosphorylated TDP-43 immunohistochemistry. Bars: 200 um in C and D;

50 um in E.)
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Fig. 4 Neuropathological findings in the thalamus, globus pallidus, and brainstem.

A: Coronal section of the cerebrum at the level of mammillary body. The temporal lobe, thalamus (asterisk), and globus pallidus (arrow) showed
atrophy. Putamen and caudate nucleus volume were relatively preserved. B: Coronal section at the level of mammillary body. Myelinated fiber
loss and atrophy were observed in the thalamus (asterisk), but the subthalamus (arrowhead) was relatively preserved. C, D, and E: The pons
and medulla oblongata. The pons was sagittally divided into left and right portions at the midline (C and D) at the brain dissections. Reduction
of myelinated fibers was evident in the transverse pontine fibers (arrows in C and D), and medullary pyramids (arrows in E). Additionally,
atrophy and loss of myelinated fibers were observed in the tegmentum of the pons (arrowheads in C and D) and the tegmentum of the medulla
(arrowheads in E). (B, C, D, and E: Kliiver-Barrera stain.)

Fig. 5 Immunohistochemical examination of phosphorylated TDP-43 in the cerebral cortex and hippocampal dentate gyrus.
A: The remaining neurons in all layers in the temporal cortex were positive for TDP-43. Cortex surface is indicated by arrow. B: Higher-
magnification partial view of part A. C: TDP-43 labeling in the neurons of the hippocampal dentate gyrus. D: Higher-magnification partial view
of part C. These findings corresponded to Type 2 in the distribution of TDP-43-immunoreactive neuronal cytoplasmic inclusions reported by
Nishihira, et al.”, Type B on harmonized classification system for frontotemporal lobar degeneration (FTLD)-TDP pathology by Mackenzie,
et al.9 or Stage 4 in pTDP-43 pathology in amyotrophic lateral sclerosis by Brettschneider, et al.”. (Bars: 500 um in A and C; 50 um in B and D.)
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Fig. 6 Neuropathological findings in the hippocampal formation and substantia nigra.

A: The hippocampal formation apparently appeared to be preserved on a lower-magnification view. B: However,

neuronal loss was observed at the border of CA-1 and the subiculum area (arrows surrounding part: asterisk in A) on

microscopic view. C: Reactive astrocytes (arrows) were also observed in the area (asterisk in A). D: The number of

neurons was reduced and many free melanin (arrows) were noted in the midbrain substantia nigra. (A and B: Kliiver-

Barrera stain. C and D: hematoxylin and eosin stain. Bars: 5 mm in A; 200 pm in B; 50 pm in C; 100 um in D.)
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Abstract

An autopsy case report of a patient with frontotemporal dementia with motor neuron disease
in totally locked-in state showing hyperosmolar hyperosmotic state
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Kiyomitsu Oyanagi, M.D., Ph.D.?’ and Michiaki Kinoshita, M.D., Ph.D."
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A 57-year-old man with no family history of amyotrophic lateral sclerosis (ALS) or diabetes was diagnosed with ALS,
and placed in long-term care where an artificial respirator with tracheotomy was used. He was fed through a gastric
fistula tube. He gradually lost the ability to communicate, and computed tomography revealed advanced atrophy of the
frontotemporal lobe. He was abruptly suffered from polyuria 11 years after the onset of ALS, and was diagnosed with
hyperosmolar hyperglycemic state (HHS). It recurred six years later with severe ascites and worsening of pleural
effusion. He passed away 18 years after the onset of ALS. Pathological examination revealed a reduced numbers of Betz
cells in the motor cortex, anterior horn cells in the spinal cord, and hypoglossal neurons. The remaining lower motor
neurons and cells in the hippocampal dentate gyrus were positive for phosphorylated TDP-43. These corresponded to
Type B on harmonized classification system for frontotemporal lobar degeneration (FTLD)-TDP pathology (Mackenzie,
et al. 2011). Furthermore, the lateral, anterior, and anterolateral funiculi of the spinal cord, globus pallidus, thalamus, and
brainstem tegmentum showed atrophy. The findings were compatible with ALS pathology in totally locked-in state
(TLS). Hyalinized islets of Langerhans were observed scattered throughout the pancreas. The patient’s muscles were
nearly completely replaced by white, firm fat tissue. We considered that the patient’s diabetic conditions contributed to
the accumulation of excess fat in internal and external fat tissue as a result of the long-term dependence on enteral
nutrition. Moreover, a disturbance in glucose metabolism in skeletal muscles that resulted from severe atrophy could
have been another cause.

(Rinsho Shinkeigaku (Clin Neurol) 2022;62:595-601)
Key words: amyotrophic lateral sclerosis, hyperosmolar hyperglycemic state, diabetes,
frontotemporal dementia with motor neuron disease, totally locked-in state






