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NEUROPATHOLOGICAL DIAGNOSIS OF CHILDHOOD
NEURODEGENERATIVE DISORDERS BY BIOPSY
INVITED TOPIC’
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Identifying a child's progressive neurodegenerative disorder during life aims at
genetic counselling, prognostication and assessing the possibilities of curable
diseases since many neurodegenerative diseases currently remain largely without
cause-directed treatment, while supportive therapy not neccesarily requires a
precise nosological diagnosis. In view of these therapeutic limitations, accurate
recognition of the individual child’s neurodegenerative disease may, for various
reasons, have to be postponed until death when the central nervous system may
become available for comprehensive morphological and eventual biochemical
investigations. However, if such an autopsy is not intended or a respective
request for autopsy is denied, the individual child’s disease may not only remain
unidentified but knowledge of the respective neurodegenerative disease may also
be withheld from the entire family, thus preventing appropriate genetic
counselling with sometimes dire consequences to additionally born siblings or
cousins of the original diseased and deceased child.

These latter socio-medical aspects may often prompt clinicians to seek the
correct diagnosis of a neurodegenerative disease during the child’s life at
considerable cost, i.e., by biopsy. Gravity of the iliness, risks involving the biopsy
procedure and the significance of anticipated results will have to be considered as
to when and where to perform a biopsy. Before the biopsied tissue becomes
available for diagnostic studies to the neuropathologist, the neurochemist, and/or
the neuromicrobiologist, it will be these experts who have to counsel the clinician
on which diagnoses to expect from the respective biopsied tissues. When dealing
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tissue. In systemic carnitine deficiency, clinically associated with encephalopathic
episodes, lipid droplets may abound within muscle fibers such as in other lipid
myopathies (Fig. 19).

However, it is the rapidly growing number of encephalomyopathies, i.e.,
mitochondrial diseases that affect the skeletal muscle and the brain, that require a
muscle biopsy for adequate morphological and biochemical evidence of abnormal
mitochondria (Figs. 20a-c). Biochemical characterization of several encephalomyo-
pathies, e.g.., due to complex IV or cytochrome c oxidase deficiency of the
respiratory chain as well as deficiencies of the pyruvate dehydrogenase complex
has been based on muscle tissue studies. Tissue-specific isozymes in certain
mitochondria-related encephalomyopathies, however, should caution the investi-
gator in automatically applying to brain tissue, data retrieved from muscle tissue.

Rectum. As numerous lysosomal disorders predominantly affect the nerve cells,
rectal biopsies were utilized early in diagnosis19.20 while appendectomy furnis-
hing appendiceal neurons served a similar purpose21. Since infantile neuroaxonal
dystrophy is marked by proliferation of tubulo-cisternal profiles especially in
synaptic regions, i.e., terminal segments of axons, it has also been successfully
diagnosed in the rectum22, As among the neurodegenerative diseases, many are
expressed in non-neural cells and such non-neural cells are present in more easily
accessible tissues such as skin and conjunctiva. Since rectal tissue is frequently
obtained by suction which may rarely or not at all contain neural elements, rectal
biopsy has also become obsolete in the diagnostic regimen of neurodegenerative
diseases of childhood.

Liver. While the liver is conspicuously affected in numerous lysosomal
diseases23, especially in Niemann-Pick disease (Fig. 21), the majority of these
may be more easily recognized in other tissues. Only Gaucher disease which,
however, more often than not is not a neurodegenerative disorder displays
prominent hepatic-and splenic, i.e., Gaucher cells-involvement. The liver is also
affected in Lafora disease accreting a particulate-fibrillar material similar to that in
skeletal muscle fibers and neurons. It is, however, a recently disclosed group of
peroxisomal disorders24, especially those affecting infants, that has reemphasi-
zed the diagnostic biopsy of the liver by evaluating presence or absence, number
and size of hepatic peroxisomes. In view of the easy accessibility of skeletal
muscle, especially by needle biopsy. liver has not been diagnostically studied
extensively in encephalomyopathies although the existence of tissue-specific
mitochondrial isozymes promises to enrich our knowledge regarding this group of
disorders.
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regardless of the organ or tissue biopsied and the neurodegenerative disease
suspected. Although cultured fibroblasts are extremely useful in biochemical
diagnosis, it is our and the experience of others that they are not suitable for
morphological diagnosis.

Prenatal diagnosis by amniocentesis and chorionic biopsy largely aims at
elucidating neurodegenerative and other disorders marked by chromosomal
aberrations and biochemical defects. A light microscope or electron microscope is
not required to ascertain such disorders. Currently, only the NCL may be
successfully diagnosed in fetal cells obtained by amniocentesis, chorionic biopsy,
or possibly in fetal lymphocytes. Whether infantile neuroaxonal dystrophy is
already manifest in fetal skin, is not known to date.

Summary

Since brain biopsy as a means of achieving a correct antemortem diagnosis of a
progressive neurodegenerative disease in childhood has largely been abandoned,
the neuropathologist has resorted to studying non-neural tissues instead. Due to
the fact that almost any progressive neurodegenerative disease of childhood that
can be reliably recognized by brain biopsy can also be safely diagnosed in
non-neural tissues, these diagnostic achievements from non-neural tissues
rendered brain biopsy obsolete. The skin/conjunctiva is the tissue most suited for
such In vivo diagnostic investigations while studies of other non-neural tissue
such as circulating lymphocytes, rectum, peripheral nerves, skeletal muscle, and
liver play only a minor role. The cytological wealth in skin specimens provides
morphological information, largely based on electron microscopy, in numerous
lysosomal and quite a few non-lysosomal neurodegenerative diseases of
childhood. .
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