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Chapter 1

BRIEF SYNOPSIS OF THE LITERATURE

THE FIRST APPEARANCE )
OF THE SYNDROME (N THE UITERATURE

In 1917 HUNTER? demonsesated "A Rare Disease in Too Brothers” .and
i 1919 HURLER? (from the Clinic of Pfaundler) published "Uber einen
Typ mulupler Abartungen, vorniegend am Skelettsystem”™; bf)zh appeared
independently from each other and were considered to be the hm. studics on
gasgoylsm  Laser it appeated that medical artention had previously been

drawn to these patiems (THOMPSON in 1900 and BERKHAN in
1907)1 5 u7r

NOMENCLATURE
HUSLER (1923) uses the name "Dysostosis Muluplex mit Schwachsinn,
Typus Hurler™
ELLIS, SHELDON and CAPON (1936} on account of the large head, the

grotesque inhuman factal and the deformed

ities — ro quote
these authors — derected a simitlanity to the gargoyles of the Gothic Cathedrals.
They give prefesence 1o a descnptise name, owing to the fact that the awio-
logy of the disease was sull uncertain and thus chose the name of gargoy-
lism™®
Ose of the objections brought forward against the use of thus name was that
the demonic and imrelligent qualiies characterstic of the gargoyle are pre-
asely those which are lacking in the facul expression of the patent wih
gaegoylism 7
The name of lipachandrodystrophy — originating from WASHINGTON
(Brenneman's Practice of Pediatrics) — went more ot less out of use when
the correctness of the concepuons which formed the basis of this name was

doubred ¥ The syndrome has been described under many mames; the name
of gargoylsm occurs mose frequendly,

The following synonyms have been used:
Harler's (and or Hunter's and/or Pfaundler's) syndrome,






ides of what fo the literature is be underscood by Sf.’»“'
&;Xaex'c'hwn;‘, (fe rain points of similatty and difference benf een B"B"Z::Z:
and Morquio's disease should naw be pointed out. In both dnfca.s;s n?m "
ligamentaty syndrome occurs, which is w0 alwry hrge.cxxem similat ?‘i gn '
usually ddiering in derail, For instance, in ggugoyhsm there ace 15:’“': :
ary consractures (manifesed among other sigas, by dmuh:\nds),b whereas,
on the conteaty, in Morquio’s disease the ligaments are merely flabby )
In boch diseases there are signs of os:ecchondrodystroplily, which rc‘sulrs‘m
promunent changes on X-ray. In gargoylism these are mainly mcufpsph?‘m),
whereas i Morquio’s disease the changes are focatised more :pi-m;iap!\ysu\ly.
In gargoylism these changes predominate in the upper exeremuties; in Mor-
quio’s diease, to the conwrary, in the loser ones.
Generally Morquio's disease can be differentiated from gatgoylsm by means
of the particufar diff in the lig: y synd| This is not
always rhe case for repestedly transiuonal forms are observed in which certafn
particutars of the if y synd show a bl 10 that of
Morquo's disease, and others to that of gargoytism, To-day, therefore, it 15
assumed thet « is not possible to establish, with cersainty, the differential
diagnosss between the two clinical pictures on the osteoligamentary syndrome
alone, There 15, however, a poine of ditference by means of which it is indecd
possible to establish the differential diagnosis, namely: whe octurstente of
storage phenomena in gargoylsm and thesr absence in Morquios disease
(inctuding, amongst others, enlargement of liver and spleca and corneal
cloudings) Moreover, 1 Morquo's disease ehe facial expression that is
typrcal of gargoyhsm, 15 absent (the so-called “Hurlerface™).
Tn dhe Iucersruce sncluded under the “Spat-Hurler” form of gargoylism are

those clinical pycrures, in whick on o
M ‘!
q

nital examination, exclusively signs of 3
ry d are observed {the “Hurler-face™
0d srorage phenomena being completely Iacking), on which the diagnosts
of Morquio's disease oughr 10 be based, whereas later on (usually not unul
the 20th-40th year of Iife), sigas of sccumulation become manifest (especially
corneal cloudings) on account of which the dizgnosis establshed can o
longer be maintained and muse be changed 10 gargoylism

C The "Hurler" type and the "Hunser” sype

MeKUSICK ™ dufferensiates becween a Hurler and a Huncer type, according
to the presence or sbsence of corneal cloudings in the patiens. {Contrary 1o
HURLER, (orm::!\ cloudings were not found by HUNTER). Varioys
mvestigators conuder the presence o absence of ;
o, s ce of corneal cloudings due 10 a

D The aborte types

By these are meanr those cases of
et o gargoyhinm thar devite from the classical

ighter signs, 5o chac in isolated ¢ases they

11



Polydystrophy of the Hurler (and/or Huater, and/or Pfaundier) type.
Chondroosteodystrophy of the Hurler (and/or Hunter, and/or Pfaundler) type.
Dysostotic idiocy.

DUTCH PUBLICATIONS

In the literature on gargoylism the numerous publications of C. de LANGE
occupy a special place™ ® *. 92 ghe also published in collaboration with
WOLTRING * and GERLINGS, de KLEYN and LETTINGA ™.

Other Dutch publications on the same subject are those of MURK JANS-
SEN", wen BOKKEL HUININK?®, H. D. BOUMAN®, JACOBI and
WAARDENBURG *, van WESTRIENEN %, ROCHAT *- ®, ZEEMAN ¥,
BROUWER-FROMMANN ', WAARDENBURG " ", van CREVELD *,
EDGAR ** 5 and JELGERSMA ¥,

BROEKEMA published a case of Morquio's disease %,

The patients described by BEEBE and FORMEL, and one of the patients
described by JERVIS, were of Dutch descent 'S 2%,

OCCURRENCE

The disease is not a rarity. This appears from a publication by LAMY et
al ¥, who in 1957 carnied our statistics on 269 patients. At least 30 post
mortem reports have been published ™ The disease is not limited to any
race ™, Two-thirds of the number of patients examined are males™ ™. The
age varied beeween 444 months ' and 47 years ',

HWIREDITY

The literature bearing on the genettc aspects of the disease will be discussed
m chapter IIL

CLINICAL VARIATIONS

A. The typns E

De LANGE and WOLTRING * called two cases "The Typus E”, because
— some signs being absent — they ware at furst uncerain as to the
diagnosis When, however, the diagnosss of gargoylism had been established
beyond doube as the resule of post-mortem findings, the differentiation of this
type was no longer made ™ ',

B. The "Spat-Hurler” type

The "Spat-Hurler” type was disunguished by ULLRICH™ because m s
type, signs appear from which the dragnosis of gargoylism may be made
Jater than is usually the case in gargoyhism (as late as the 2nd, 3rd or 4th
decade), while m the period priot to the appearance of these symptoms, the
clinical picture is similar to that of Morquto's disease,

1



A i inal muscles.
there is an ambilical hernia and a diastasis of the fnf}}:e( ?:j:;ml:; changes
The scrotum may be oedemarous. Qe lh;u:;:“r oore acroryanosts has been
fay ocear -r;hse mblf;]g hvti(;‘::il:;’::ﬂ Thec l’:nds, are shott and broad
ails are 3 .
i:sif’i::dﬁng;snnwked. The liele finger is bemlradmliiy. In (hlc_h f:e:h::;;
in a lesser degree
logaus changes m;y : ;Zs:r;:i zlnlh:fl;,ead e i? werally gives 3
are wsually 2 M Jarl; ead, The eyebrows are joined over
bristly smpression — i lrcegi AT SPREC. i hed. Moustache-
2 broad and flag or sunken nasal bridge, The forehead is arched. "
gronth may also be observed The Lps, tongue ant‘! gums are coa-l;‘sc & s
thick: the teeth small and widely spaced. The tonsils are large. The ear:
are coarse and the lobes especially large. -
Examination of the back may reveal a scoliosis, kyphosis or kyphoscoliosis at the
Junction of the thoracic 2nd Jumbar vertebrae or a fembar hypolordosss. T‘.""
postuse js sciff. In swading, it is temarkable chat the upper legs are held in
2 flexed position; movements are marked by a lack of suppleness. In most
joints movement 15 limited on account of lhigamentary contractures The
most seniking of these are the tendo contractures of the fingers (mainly at
the second mterphalangial joint) and the tendon contractute of the upper
legs. Movement of the spinal column appears also to be hmited, as well
as the expansion of the thorax on inspiration 7%,
Respiration is accompanied, to a greater or lesser degree by a stertorous
sound. Physical examination may reveal signs of cardiovascular distur-
buoce? ¥ 2 3 Yery ofien there is a chronic bronchins The liver is
frequently enlarged and the spleen also, although this 1 less often. Enlac-
gement of the lymph glands may occur Oederma is rare. Gastro-intestinal
disturbances ate generally absent. In many cases the impression is given
that andion decreases progressively; deafness may also occur. It is not suf-
prising that daea on aural function, timing fork tests and audiomersic exarmina-
tion are scarce in the literature, when one remembers that as 2 rule the
pauents cannor render the co-operation required for these tests, owing 10
they hmired intellecrual powers® ¥ % Dara on the ealoric irrteability of the
labyrinth are bkewse scarce” 7 1% 29 (I1RICH points ouc that the laby-
nath functions are generally described as being normal”, DUHAMEL W
and FONTAN et al'™* found the labynnth srneability abolished, while
TURPIN and LAFOURCADE? established normal labyrinth reactions jn
their patienss
In 709% of the cases corneal cloudings are found'®. In cases thar are
negative on using a magnifying glass, she lamp examinzuon s necessary in
:lr::;;n exclude t}}t condwon with certamnty ", Should there be corneal
vt i ks 732 i 2
'8 opuc awophy may escape diagnoss,

The cloudings as such are usually not accompanied by blindness, in the later
@ses there 15 generally an optic atrophy Incidentally the eye examina.

ye



cannot or hardly ever be diagnosed as gargoylism. With the help of here-
ditary daea it is ultimately possible to arrive at the diagnosis of "forme
fruste” of gargoylism. Some publications have been dedicated to the sympto-
matology of the "formes frustes” 1. 1. 174 70

E. The typus Amstelodamensis

The typus Amstelodamensis, introduced by C, de LANGE"™ as a type of
gargoyhsm, offers few perspectives for the study of a possible connection
with gargoylism, owing to the lack of post mortem findings and its extreme
rarity.

THE CLINICAL PICTURE

According to a statistical survey by A. GIAMPALMO and V. GIAMPALMO ™
the signs most frequenty occurring are coeneal cloudings, enlargement
of the liver, spleen, skeletal changes and psychic dssturbances With the
exception of the skeletal changes, — which, once developed, remain well-nigh
constant — the changes are of a progressive nature. It often appears that the
bicth was difficule (breech presentation or forceps delivery) which gves rise
to the supposttion thac the skull was already deformed at birth. As a rule the
case histories mention the frequent occurrence of infections of the respiratory
tracts.
It is striking that when gargoylism 1s diagnosed the carly signs are generally
observed during the first decade According to whether the first appear before
or after the third year of life, referance 15 sometimes made to an “early”,
or "late” form of the disease 1 the literature. Completely independent of
this is that clinical form of gargoylism referred to 1n the literature as che
"Spat-Hurler” type, as we mentioned before,
The patient’s general appearance may alone yield important data for the
arnving ac a diagnosis
‘The disharmonious dwarfism with the large head which seems to rest on the
trunk and especially the gargoylic factal expression give a particular aspect
to the appearance, at once rasing in those familiar with the prcture, suspicion
as to the correct diagnosis. The dwarfism is not an obligatory symptom
An above normal body height, however, 1s only very rarely described ™
Owing to the deposiion of fat in the glureal region, the fat protruding
abdomen, the wide thorax and the large head, the extremities, and especially
therr distal parts, sometimes appear hypoplastic
Hypertrichosts occurs in 309 of the paticnts!?
The excessive growth of hair affects paruculatly the back and the extensor sdes
of the limbs., The skin is generally chickened and 1ts elasticiy lesscned 2.
In some cases nodules were observed bcrweenuxhe scnp’uh and rh’c axilllnry
a

lian spots” 1 m:y be present. Very often

line ™ %, or changes 1n pig
153, Also vatiligo ' and "mongol

. A



eq® W W W 2R Rasely che following ;ym;_ﬂoms :\Ir:
meatonee” - ¢ ot ning of painwsense™,
Jescribed: athetosis®, abundant '{Jlo‘“ o(jsahvam: fzssem 4 o o
1a ¥ bilaresal spastic py Ty nysap
ataxia ™, v 5
culsions 277 and hyperthermia of 2 diencephalic ongu:i ; s \ JERVIS”.
[mportant observations in the field of gargt)y;xs;n “c‘:t x(m o Jneaelogic
N o
ination of a patient st the age of e, he >
:‘;:J:;:X’;l: ;n:umeenceplulogmm was pormal, At the age of nxsshtrc ;:u
i Ily a Babinski sign Since then
mild spastic patesis of the legs aed bilaserally
:he ;ype;:mm’a Tar only increased in the legs, but also cx(en‘{ed 10 the arms.
At che post morem of the patient aged eleven yesrs a stight ventricular
dx'hmmm waj {D\md g o s Ay b described ™ 517
¥, 15T 159 12 2 028 29 47 38 3 Generally, diffuse, slow dysthythmias ase
secorded, somenimes of an abnortmally tigh voltage '™ %, )
The vertebral anomalies frequently occurcing io the (hom‘columbar region
seem seldom accompanied by sympoms of a transverse lesion of of 3 peri-
pheral nervous affecuon, That @ pactial obstruction of the spinal canal may
exsst was proved by McKUSICK by means of myelography ™, )
The muscularure of the legs may be hypotrophic and the periost reflexes

sometmes lovesed. Scrang atrophues, fascicular contractions and hypotonia are
not found as a rule. Elec graphi ions are not ioned in the
hterarure,

X RAY EXAMINATION

Xoray examwmation generally reveals numerous changes ‘The most important
of these are the following’

Skadl

The fontanel closing is often delayed. The skull circumference is neatly always
100 large; the skull may be relatwvely high, long or broad. Microcephaly 1s only
seldom observed ™ ** “The froatal bane is prominent. The wall of the skull
may be erther thuck, normal o thin, In cases of matked hydrocephatus, a thin
calvarium 15 often observed. In the region of the skull sueures, the bone may
be thickened The body of the sphenoid 15 genesally 100 high, and rhe disrance
from the ala magna o the base of the nose decreased. Hypertelorism 15 2

frequently ccoutring symptom The preumatitation of the mastod bone 1
generally quatified as

poor. The sella turcica may be normal, but it can also
be enlarged (1 2 batloon- or shoc-shaped form). The jaws are strongly develo.
ped and the angle of the lower jaw may be to0 obtuse,
Thorax

The clavicles ate 100 massive,
The tharax 1s broad and the
and horzontal manner. On th
vestebrae the lower ribs are

espeaatly as far as the scernal pare s concerned
rbs, which are thickened, run ;

¢ Jevel of ehe aceachment o the sternum and the
narrowed fike a thin pamnt brysh,



tion may reveal varied changes. The most frequent among these are —
apart from corneal cloudings — megalocornea (generally without increased
intra-ocular increase of tension) and optic atrophy. Moreover a retarded reaction
to mydriatics is repeatedly found®" * ™, For a full survey on ocular changes
occurring in gargoylism reference is made to the literature on the subject con-
Ccm&d 61, T, 90, 180, 199, 208, 220, 224, 28}, 26% 224, 311, 117.

Psychic disturbances occur, according to A. GIAMPALMO and V. GIAM.
PALMO '™, 1n 7455 of the number of cases observed. The seriousness of the
psychic disturbances depends, according to LIESSENS, on the rate at which
the morbid process develops, and on the time at which the first symptoms
manifest themselves ** ™, The earlier they appear the morc serious the
psychic symptoms. There are, however, exceptions to this rule. The "early”
cases are generally characterized by a retarded psychomotor development.
These pacients learn to walk late and the development of speech 15 very
deficient, They are conspicuous for their anxious disposition and negatvistic
attrude. Their behaviour necessitates constane supervision. Grave types of
oligophrenua are not rare, while in the long run psychic deterioration eventually
mantfests icself ™,

In the "Inte” cases (the first signs appeacing after the age of three yours)
clear psychic disturbances may be absent. Usually, however, psychomotor
development is normal at fitst, later on however progressive deterioration tahes
place, It is difficult o decrde exacrly 1n how far the sensory disturbances play a
pare therein ** Regarding the specibictty of the psychic disturbances LIESSENS
states "Le deficit intellectuel et psychique ne présente aucun type paruculter,
ai aucun caracedre spécifique” 73,

In a small number of cases the psychic functions are and remain normal.
The examiner may be severely hampered by the psychic disturbances, chare-
teristic of these panents, The chuldren may ward off his hand. Palpanon and
reflex examnation are not simple under such crcumstances. One often fails
to coax the paticat mnro co-operating Incontinence 1s usually present Even-
tually most patients become bed-ridden. Generally, owing to mncreasing distur-
bance in behaviour, admission w an msnution becomes necessary at an
earlier stage.

Symmetrical generalized dilatation of the cerebral-ventricles and hydrocephalus
are the most outstanding changes found on wenrologtcal exammatron In the
publications by HUNTER and HURLER these changes are not mentioned
by name, but at the post mortem of one of HURLER's patents, a hydro-
cephalus was found "

DAVIS and CURRIER® and ever sice, many other invesugators ™
12, w6, 07, 2 23 30 3 found dilatauon of the ventricles by means of
pncumocncephnlogmphy. Cortical atrophy may occur ™ ™ The existence
of a hydrocephalus may be indscated by a too large and sull increasing -
cumference of the skull, a cacefaction of the skull-vault and a cracked pot
sound. Opnc atrophy and pigmenrary anomalies 1n the fundus are scldom

"
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of alpha 2 globulins is often increased Sometimes there is hchchr?n;xlu
anzemia Cupremia may be present® as also hypermucoproteinemia .
The lipoproteins sn the blood serum may show qualitative and quantitative
changes 7™ **, and the neusamunic acid content of the blood sesum may be
wncreased ¥,

The blood sugar curve is within normal limits Marked and constant changes
\n the calcium, phosporus and phosphatase values are absent, The cholesterol
content 15 sometimes markedly increased, The liver function tests are nearly
always nomal. Routine unine tests reveal few peculiarities.

DOREMAN and LORINCZ* and MEYER er al’? proved that in the
unne of pargoyle patients a mixture of mucopolysaccharides was present,
which according to MEYER et al consists mainly of chondroitine-sulphuric
acid B (Ch S-B) and hepanrin sulphunc acid

Incidentally changes were found in the hormonal excrenon BINDSCHED-
LER and coworkers® found decreased secretion of adenohypophysary hor-
mones in the urine (2 cases). SARTORI'™ found 2 normal excretion of
17 hetosteroids 1n the urine, together with an increased excretion of 11 exy-
corncosteroids RODECK ™ also found a normal excretion of 17 hetoste-
roids GUELI and SEVERI = by means of Thorn's test found normal values,
In paperchromatographic tests of the urine, changes wete sometimes found ¥
(pathologic amenoaciduria). The basal merabolic race may be either normal,
decreased or wncreased

GILLILAND ™ found a normal excretion of radioactive iodine 1'%, Rou-

une studees of the spinal fluid, Pandy, Nonne, cells, proten content and
collordal curves afford no peculiarsties

PATHOLOGICAL ANATOMY

Prominent 15 the “gargayle” cell change ™, This gargoyle cell change is charac-
tersed by swelling, en! vacuol af the cytop! {creating a
foamy appen:nzlcc) and aso by eccentric position of the nuclei The cells pive ohn
Imprectian af b o e x -

o = tewsu unnge, pesides cellular change:
o may b oo ges, extracellular

ed, € g m the form of i
v o he oy e e of proliferation of collagen fibres and

For 2 complece survey of the chany fous n gargoylism, we tefer to
he i e tef
ges found in parg 3

0 this matter'® ™ ®.
data are now enymetated - Only the mosc “mporant

Liver

This organ 15 often considerabl
° y enlarged The |, i
the Kupffer cells, then show the rypigcnl gargo;‘l,:rc:ils; g e o

hange.



Spinal column

The centre of the anomalies is the thoracolumbar junction, The adjoining
vertebrae may have changed in a similar though generally less spectacular
way. Thete may be an arcuate kyphosis, possibly kyphoscoliosis or a spon-
dylolisthesis. The lumbar lordosis is generally flattened, The bodies of the
twelfth thoracic and the first lumbar vertebrae are often 0o small, while the
frontal top quarter 1s wholly or pattally nvisible in X-ray films ("fishhool”
shape). Sometimes these changes occur combined with those especially typical
for Morquio’s disease (generalised platyspondylia and tongue-shaped projec-
tions on the front of the vertebral body).

Hands

Generally the phalanges are suppository-shaped. The phalanges and metacar-
pals are short and broad, and the diaphysery trabeculation is coarse. The base
of the metacarpals may taper off to a point. The number of ossified nucler
carpal centres may be small in proportion to the age. On the feet analogous
changes may be observed, although they are always less intensive.

Humerns and femnr

The heads of humerus and femur are often flattened. The neck s too broad
The epiphyses are of irregular shape. The joint socker 1s often shallow. Coxa
valga and genua valga frequently occur.

CAFFEY ™ observed in three cases mn which classical symproms of gar-
goylism only appeared later, 1 early youth the occurrence of a serious gene-
ralised “demuneralisation”. CRAIG *® did not see abnormalities on an X-ray
film made a forrmighe before the birth of twins (a brother and sister) Later
the twins developed unmistakable symptoms of gatgoylism

Extensive surveys of radiologic changes occurring in gargoylism were pu-
blished, among others, by HARVEY, GUY and LERIQUE, LEFEBRE and
co-warkers, SEYSS, MERLEN, van den DORP and MERLEN, LACKNER
and ZELLWEGER and co-workers * 16! 162 18 191 228 234 307 Ao the radio-
logical differences between gargoylism and Morquio's disease generally form
a point of discussion 1n these publications.

LABORATORY STUDIFS

These afford few positve data of smportance for the diagnosis An exception
to this 15 Reilly’s anomaly (abnormal granules 1n the leucocytes) which can be
shown to be present 1n a number of cases™ This abnormal granulavon can
be made visible by means of the Giemsa-Wright stuning method ™, GRIF-
FITHS and FINDLAY * and BUHOT *° ** state the occurtence of “ning-
shaped mclusions” m the plasma cells of the bone marrow and “granular
inclusions” 1 the histiocytes 1n tWwo cases where the anomaly of Reilly was
absent. According to LOWENTHAL®! the percentage 1n the blood serum

18



of alpha 2 globulins is often increased Sometimes  there is hygochr%n;lc
anzemn. Cupremis may be present o as also hy.pcrfnuccp(;oxemen‘n o
The hipoprotemns in the blood serum may show gualitative an qu:mnmn;:
changes ¥* ®, and the neusamunic acid content of the blood serum may

Y
?}ifﬁfﬂ ;ugar curve 1s within normal limits. Marked and constant changes
1n the calcrom, phosporus and phosphatase values ace abscint‘ The cholesterol
contear 15 sometimes markedly increased, The liver function tests are nearly
always normal. Routine urine tests reveal few peculiarities
DOREMAN and LORINCZ*® and MEYER et al™ proved that 1 the
urine of gargoyle pauents 4 mixture of mucopolysaccharides was present,
which according to MEYER et al consists mainly of chandcoitine-sulphuric
acid B (Ch $-B) and hepanun sulphuric acid.
Incidensally changes were found in the hormonal excretion BINDSCHED-
LER and co-worhers® found decreased secretion of adenohypophysary hor-
mones in the urine (2 cases) SARTORI™ found a normal excretion of
17 ketosteroids 1n the urine, together with an increased excredion of 11 axy-
corttcosteroids RODECK ™ also found a normal excrenon of 17 hetoste-
rods GUELI and SEVERI ™ by means of Thorn's test found normal values,
In paperchromatographic tests of the urine, changes were sometimes found **
(pathologic ammoaciduria). The basal metabolic rate may be either normal,
decreased or increased.
GILLILAND ' found a normal excrenon of radioactive iodine 1™, Rou-

une studies of the spinal fluid, Pandy, Nonne, cells, protein content and
collowdal curves afford no pecultanties.

PATHOLOGICAL ANATOMY

Prominent 15 the “gargoyle” cell change 7. This gargoyle cell change s charac-
terssed by swelling, enlargement, vacuolisation of the cytoplasma (creacing a
foamy appearance) and aso by eccentric position of the nuclei The cells grve the
smpression of berng "flused”. Especally the liver parenchyma cell is affected
by this gatgoyle change, but 1n principle 20y osgan or nssue may contam cells
that have btndggone such a change. Besides cellufac changes, exteacellulas
ones may be observed, e g 10 the form of proliferation of :
increase of the basal substance ™. F won o colsgen Flbes and
For a2 complete survey of the chan, i

ges found i
publications relauog o this mames'® ¥ M ""nOg:Irgorihsm' ke G0
data are now enumerated, (oY e mest important

Liter

This organ s ofren considerably enlarged. The Iver eells,

the Kupffer cells, then show the typrcal gacgayle celt d-::ldg:o etmes also



Spleen

The spleen is also often enlarged, although in a lesser degree than the Tier.
At histological examination the reticuloendothelial cells surrounding the
sinuses may prove to be considerably enlarged, and many enlarged monoay-
clear cells may be found in the spaces among the sinuses .

Kidney
Here also gargoyle cell changes are sometimes found. Then the wbular cells
are mostly affected ™

Heart and blood vessels

According 10 EMANUEL™, in 77.7% of the number of post mortems, car-
diac changes are found. The valves may be thickened and conain large vacuo-
Iised cells, Besides calaification, chondrord changes may be found ™. In the
cardiac muscle vacuolated cells are somenmes found * . The blood vessels,
among which the coronary artery, may show similar changes, causing the
lumen o be narrowed. A survey and a detailed descriprion of the cardio-
vascular sclerosis, sometimes found, 1s given by COTTIER **,

Lungs

‘The lung parenchyma frequently shows numerous vacuolated macrophages
lining the alveolar walls ¥ % 123 12 18 29 3% 44 occasionally a thickening
of the alveolar membrane s found »

Trachea
Someumes pathological processes are seen involving the cartilage and peri-
chondral wissues of the trachea ' 3,

Eyes

In the cornea, Bowman’s membrane may be replaced in many places by
large, vacuolised cells. In the interlamellar spaces granular matter may be
found. The ganglion cells of the retaa may show gargoyle cell changes®
5 M 15 the sclera gargoyle cells may be found '®

Skin
The cutts may be thickened owing to thickentng of the collagen fibres which
are irregularly arranged 1 2% 2%,

Thymus gland
This organ 1s somenmes enlarged ® ¥ 88,

Ears

Histological examinasions mention the occurrence of stenosis of the auditory
3 i the tympanic bones® ¥, atroph

canal ¥, ankylosis of the joints betwecn tymp. phy

5 .
of Cort's organ ', small crystae ampullares ™, srregular lomen of the
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i i i 1ls
semicircular canals®, and degenerative of hesaunsmotic changes in the ¢l
M %, 7
of the corhlear and vestibular ganglions™ ™

Reticuloendotheluad system

Histopathalogical changes of the reticutoendothehal system ate often fou.nd,
marke‘: by proliferation and gargoyle cell change in the elements belonging
to this system ™

Patustary gland

4 a post moriem an enlarged pituitary gland is found, it is generally
:‘;:i:::;“‘ﬁ“ thag s scen 1@ be enlarged and cs.petully thcl ,fhff’,"‘f;’}’}:‘jb“
celfs, besdes wncsease, show abnormat vacuolation ™ 70 1 M8 IR 29030
Seeleton, cattilage and jomts .
SCHMIDT Y, de LANGE ec al™, HIENZY® * and NISBEY and CUPIT™
have found dsseusbances of the enchandral essification. The aarlage cells
may stow satgoyle changes. The lgameas and periarticular tissues may show
thickemng and gefatinous changes.

GIROL and BENEDETYT have found duphysial changes in one case as a
sesyls of massive infiltravion of foam cells in the bone marrow ™,
Sseynal pancise and blood

In  number of cases REILLY ™ proved by Glemsa-Wright's staining method
the presence of darge dark Lilac coloured granules in the Jeusocyres {espacially
the polynuctear ones) of the penpheral bleod and also 1 e sternal puncrare
flud. Sumilar granules were found by BUHOT Y in the plasma cells and
histiocytes of the bone macrow, while GRIFFITHS and FINDLAY *® mention
the octursence of “nng-shaped mclusions™ i the plasma cells aof the bone
martow,

The neriour system

The fist organ of which histological

ion 1s d in the liera-
ture, concerns the cerebrum of one of the patients, described by HURLER ™ ' ¥,

i which dilawanon of the Jateral ventricles was found. From the post mortera
reports 1t appears that hydrocephalus or a slight dal of the lateral ven-
tricles occuss frequently There 15 somenmes focal ateophy of the cerebral

coreex. Besides, 1t may also ocour that che sular ase straight by broaderung of
the mn™,

The lepromeninges ate often hckened 1% 19 27
As 2 consequence of the memngeal changes and the hydrocephalus, the optic
neyves auay have 4 psonounced abnorma) course™,
QO micvoseopreal examananon, he cranges 1 the nerve cells come to the fore,
which are morphologpicatly ditficult w0 disdaguish from the changes of lhe’
gg;\ghmv cells i Tay Sachs, Stock-Sprelmeyer-Vope's, Niemann-Pick's and
;Kht’! 1) d\scnfes ‘These ate characterised by considegable enlacgemenc of the
weil and eccentric nucleac positon, The newrofibrits often fit on the periphery



Spleen

The spleen is also often enlarged, although in a lesser degree than the Iver,
At histological examination the reticuloendothelial cells sutrounding the
sinuses may prove to be considerably enlarged, and many enlarged mononu-
clear cells may be found in the spaces among the sinuses ®'.

Kidney
Here also gargoyle cell changes ate somerimes found. Then the cubular cells
are mostly affecred ™.

Heart and blood vessels

According to EMANUEL*, in 77.7% of the number of post mortems, cir-
duac changes are found. The valves may be thickened and contain large vacuo-
lised cells. Besides calcification, chondroid changes may be found '™, In the
cardiac muscle vacuolared cells are sometimes found ® M., The blood vessels,
among which the coronary artery, may show similar changes, causing the
tumen to be narrowed. A survey and a detailed descriprion of the cardio-
vascular sclerosis, somettmes found, 1s given by COTTIER .

Lungs

The Jung parenchyma frequently shows numerous vacuolated macrophages
lining the alveolar walls? % 12 13,18 23 3% ;0 g geeqqonally a thickening
of the alveolar membrane 15 found %,

Trachea

Sometimes pathological processes are seen volving the carulage and per-
chondrml tissues of the trachea '™ %,

Eyes

In the cornea, Bowman's membrane may be replaced in many places by
latge, vacuolised cells. In the interlamellar spaces granular matter may be
found. The ganglion cells of the retna may show gargoyle cell changes™
25,2 In the sclera gargoyle cells may be found '®

Sk
The cutis may be thickened owing to thickening of the collagen fibres which
are jrregularly arranged ™ ™ 2%,

Thymus gland
113
Ths organ is somermes enlarged 3 a2,

Ears

Histological examenations menuon the occurrence of stenosts of the audnory
i LI 44

ankylosis of the joints between the tympanic bones , atrophy

nal ®,
o , small crystae ampullares ™, trregular lumen of the

- 04
of Corti’s organ'®,
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{ in the cells
senuciccular canals®™, and degenerative or thesaunismottc changes in the
o & M
of the cochlear and vestibular ganghons .

Rerrculoendothelal system

helal system are often found,
thological changes of the retsculoendot! . ;
‘:1\:;25 by p%ohfmnon and gargoyle cell change in the elements belonging
1o this system ®',

Putatary ghand

fru fand 1 found, it is generally
When ar 2 post mottem an enkrged pirsitary g , }
the anterior part that 1s séen to be enlarged and :spe;n'lsylgxe, ‘Sh:?vm,‘:?}:b'c
cells, besides increase, show abrormal vacuolation ™ . .
Skeleton, cartilage and jomis

SCHMIDTY, de LANGE et al ™, HIENZ > * and NISBET and CUPIT™
have found distusbances of the enchondral ossification, The carufage Celly
may show gargoyle changes The ligaments and periarticular tissues may show
thickening and gelatinous changes.

GIROL and BENEDETTI have found duphysial changes in one case 25 a
resalt of masswe infiltraton of foam cells 1n the bone marrow ™,

Sternal puncture and blood

in 4 number of ceses REILLY ™ proved by Giemsa-Weight's staining method
the presence of large dark lilac coloured pranules in the leucocytes (especiatly
the polynuclear anes) of the penipheral blood and also in the stesnal puncrate
flud. Similar granules were found by BUHOT ™ in the plasma cells and
tustiacytes of the bone matrow, while GRIFFITHS and FINDLAY ** mention
the occurtence of "nng-shaped inclusions” in the plasma cells of the bone
marrow

The nertous system

The fust organ of which hustolog

is d 101 the hitera-
tuse, concerns the cerehrum of one of the patients, descethed by HURLER ™ ' %,

0 whuch drlatzuon of the lateral ventricles was found From the Post mostem
reports 1t appears that hydrocephalus or a slight dilatagon of the latera) ven-
trcles occurs frequently. There s somerimes local atrophy of the cerebra)
cortex Besides, it may also ocour that the sulc: are strarght by broadening of
the gyn™

“The lepromenmnges are often thickened B 1 27

As a consequence of the meningeal changes and the hydrocephalus, the optc
nerves may have a pronounced 2bnormal course™, i
On mucroscopreal examination, the changes in the nerve cells come to the fore,
which are morphologically difficult to disungussh from the changes of th;
g:mg,hon' cells 1 Tay Sachs, Stack-Sprelmeyer-Vope's, Nicmann-Pick's and
Gaucher's diseases These are characrenised by considersble enlargement of the
celt and eccenteic nuclear position The neurofibrils often lie on the petiphery



and Nissl's bodies are reduced or have disappeared. The cytoplasma usually
has 2 granulated aspect, and sometimes small vacuoles are observed The
number of nerve cells is generally not notably reduced. Demyelinisation and
gliaproliferation are not prominent features® ¥ 35 Within a certain for-
mation (layer or nuclear region) the degree of cellular change is more or less
equal, but among the varions formations there may be considerable differen
ces in this respect™. Especially in the brainstem important contrasts may
occur.

Why the cells in cereain formations ate not or hardly, and in others gready
changed, might be linked up with cereain morphological cel! characteristics ™,
According to some authors, the big cells 1n the nucleus caudatus and the puza
men are changed in a large measure, whereas in the small ones hardly any
morphological changes can be observed ** 3, The perivascular spaces may
be broadened (especially in the white matter) and the vascular endothelium
proliferated '* ¥ 13, 18 M The dendrtic processes of the cells of Purkme
may be swollen n an oval manner ™ %, In the spinal cord 1t 1s espectally
the antertor horn cells that show changes similar o the ganglion ccll
changes in the cerebrum. In the spinal cord the enlargement of the cells 1s
even more pronounced than in the cerebrum Also the ganglion cells of the
peripheral and autonomic nervous system may show changes analogous to
those of the cerebrum,

Adrenals, gonads, thyrold gland
Sporadically, in the parenchymatous cells of these organs, gargoyle ccll
changes are found.

Pancreas
Only seldom typical cell changes have been observed In a case, described
by NJA ™, the pancreas was stated to be degenerated diffusely

THE CHEMICAL NATURE OF THL ACCUMULATED SUBSTANCI

A In the nerve cells

All investigatots with the exception of BISHTON et al ** find an crease
of hexosamine and or neuraminic acd 1 the cerebral cortex !¢ 1 * ¥
and on the strength of these findings (because neuramine acid and hexo-
samipe are components of gangliosides) they assume a surplus of gangho-
sides, This glycolipid is supposed to be mamnly localised in che nerve cells ™
According to DIEZEL and SEITELBERGER the substances accumulated 1n
the nerve cells are difficule 1o dissolve™ **, as a result of ther combr-
pations with proteins So far, 1t has not been proved that the chemicad
I on of the accumulated ganghosides 1s markedly different from
(hosé occutting normally m the cells — as was shown for the first ume

- -
E)Iy{:;frll\i“:onstders only the excess of ganghosides in the aerve cells o be
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losides themselves ®%. Of the
logical and aot the patnre of the gengl :
ﬁ‘:::c;ﬁ staning methods applied, especially d.\c P;:}‘Sé’aggl 253::3;:1 lslr!:uns,
and the Nile blue sulphate method are otten posiuve L

. In the viceral organs .
:;hn( substances are accumulated in the gargoyle cells of the liver, spleen and
2
Z‘?‘(;::is:\ix thought to be hipids, but the quantites shown by stuning wete
generally not in accordance \\131‘ ;he measure of cel} enlargement. Sometimes
nstrated ™,

g gsli,f\(;:g!ib': ?‘;{AUSS cs. '® and HENDERSQN cs ™ found no
increase of the lipid pecceatage in the fiver, Neither did the glg:ogcn per-
centage of the lver appear 1o be marhedly aliered. BRANTE considers
the camse of the difficulues 1n tespect of identification of the accumulared
substzace w be the dissolving of the vacuolar content in the fluids generally
used for fixation.

In connection with this, the use of speaal frxation fluids (e g. lead acetate or
glacial acedic acid)™ ** is secommended. Besides BRANTE other investi-

gators have also succeeded in staining the vacuoles in this manner 27 ** ¥ 36,
BRANTE shoned an extess of mucopofysacchandes Moreover, the gargoyle

cells contain neutral fats only in insignificant quantities, and also much gly-

cogen, the percentage of which does not seem sufficient to call it unphysio-

logical ¢ 100, lioside-Jike sut could be proved to be

present an the gargoyle cells of different organs. Apart from the above

d surplus of Yysaccharides, the strong solubiliy must be

considered abnotmal, as well as the fact that they are mosrly found intra-
cellylacty ™,

SEITELBERGER ™ ', contrary o BRANTE, is of opinion thar the muco-
polysacthandes do not ofcur in a free form, bue are chemically combined to
lipids, and he cherefore speaks of accumolanon of glycolipids. DIEZEL,
GUELI and SEVERI® * sre of opimon that the accumulation products
may differ from case to case.

UZMAN arrives at the conclusion that in the accumulation product o sub.
stances of djfferenz chemical composition ate present, a complex polysaccha.
rde and 2 glycolipid 7

STACEY and BARKER % and MEYER er a1 caaclude that a hepatin.
fife substance 15 present which formally is not found

THE CALSE NATURE AND ORIGIN OF THE DISEASE AS
FELL AS THE ORIGINATION OF TS SYMPTOMS

A The cause of the direase

In s;udymg the Yiterature 1t is quite cleat chag the cause of the disease 15 det
. v
nutely not known. More and more invesugators are of opnjon that in the
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and Nissl's bodies are reduced or have disappearcd, The cytoplasma usually
has a granulated aspect, and sometimes small vacuoles are observed. The
number of nerve cells is generally not notably reduced. Demyelinisation and
gliaproliferation are not prominent features™ *% 35 \Within a cerrain for.
mation (layer or nuclear region) the degree of cellular change is more or less
equal, but among the various formacions thete may be cousiderable differen-
ces in this respect ™, Especially in the brainstem important contrasts may
oceur.

Why the cells in certain formations are not or hardly, and in others gready
changed, might be linked up with certain morphological cell characteristics %,
According o some authors, the big cells in the nucleus caudatus and the puta
men ate changed in a large measure, whereas in the small ones hardly any
morphological changes can be observed ** 5 The perivascular spaces may
be broadened (especially 1n the white matter) and the vascular endothelium
proliferated ' 127, 133, 18. 27 The dendrtic processes of the cells of Purkinge
may be swollen 1n an oval manner™ ', In the spinal cord it is especially
the anterior horn cells that show changes similar to the ganglion cell
changes in the cerebrum. In the spinal cord the enlargement of the cells 15
even more pronounced than in the cerebrum. Also the ganglion cells of the
peripheral and autonomic nervous system may show changes analogous to
those of the cerebrum.

Adrenals, gonads, thyrowd gland
Sporadically, in the parenchymatous cells of these organs, gargoyle cell
changes are found.

Pancreas
Only seldom typical cell changes have been observed. In a case, described
by NJA'™, the pancreas was stated to be degenerated diffusely.

THE CHEMICAL NATURE OF THE ACCUMULATID SUBSTANC!

A, I the nerve cells

Al investigators with the exception of BISHTON er al** find an ncrease
of hexosamine and or neurammic aad in the cerebral cortex ¢ ' * ¥
and on the strength of these findings (because neuraminic acd and hexo-
samine are components of ganglosides) they assume a surplus of ganglio-
sides This glycolipd 1s supposed to be mainly localised in the nerve cells 1
According to DIEZEL and SEITELBERGER the substances accumulated 1n
the nerve cells are difficule to dissolve® % as a resule of their comb-
nanons with proteins. So far, it has not been proved that the chemrcal
composition of the accumulated ganglosides 1s markedly different from
those occurring normally in the cells — as was shown for the first ume
by KLENK.

BRANTE considers only the excess of gangliosides in the nerve cells 1o be
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leads to disturbances in the suppo?dng wussues and secondly to accu-
mulation of mucopolysacchacides in the organs.

1954 WIEDEMANN®: disturbance in the seach of proteincarbohydrates
metabolism. l

1955 UZMAN " a genetic Jetermined defect of the strucrural polyssccha-
Tides. )

1955 SEITFLBERGER ™, default of the intes-celtular glycolpid metabolism.

- it i imanly the protein metabolism is

1957 BRANTE™ it is possible that primanly )
disturbed and subsequently the binding process hetween the proteins
and the mucopolysaccharides proceeds i an abnormal manner,

1958 MEYER, GRUMBACH, LINKER, HOFEMAN g'atgoylism re-
presents an overproducnion of certain polysaccharides due to 2

1l

N Lo fheobl
£ d errar of diff of

From this enumeration & cun be scen that by far the greatest pumber of the
ivestgators are 1n agreement ¢hat in the nosological system gargoylism 5}“’}‘”
be classified among the membolic disases, white with regard ta the question
what chemical substances are nvohed in this metabolic disturbance no una-
aumity exists

At first 1t was assumed that the disease would be the expression of an abnor-
wmal couse of the far metabolism ®. This opinian has been reconsidered and
now the disease 15 rather seen as the expeession of an abnormal course of the
metabolic pracesses 1 the reach of the mucopolysaccharides™ 7+
bpids ™, ot of the carbohydrates and/or protein metabolism ™.
Besides that, most investigators assume that the metabolic disoeders ate cou-
pled with accumulation, and they are of opinion that gargoyhsm should
be classified amond the sorage feticuloses™ ¥ ¥, fn this respect then,
they see 4 sesemblance with Tay-Sachs', Stock-Sprelmeyer-Vogr's, Gaucher's,
Niemana-Pick's diseases and the xanthomatoses osseum.

BIELSCHOWSKY ™ who made an intensive study of the pathogenests of 1he
starage retculoses 15 of opmon that the product stored in the reticuloendo-
thelial systerm and tn the nerve cells 1s accumulated as a result of a meta-
balic anomaly wuth regard to the chemcal substance that 15 stored.

Opposed to the opinion of BIELSCHOWSKY is hat of SCHAFEER ', who
assumes that the storage 15 not the result of an excess of a certain chemecal
substance, bue thac 1t should be seen as 2 metabolic error affecting the pro-

toplasma of that particular cell system, the cause of hich 18 stall unkagwn,

In the lighe of thus opinion, the sub 1n abl 1 quan-

tes within the cells need not be taken as emanating from 2n excess in the

blood, but they appear as the if of a disturbed celf bal

sa chac s is a question of phaneragr. In the Lt :
3 231 ;

encounter these fondamentalt o the org e

y different views on 1 )
mulanon he origin of the accu.

glyco-

ace Nati




origin of the disease, disturbances in certain enzymes must be regarded as an
important condittonal factor. The view of ERNOULD™ thar disturbance
of the thyreotropic hormone of the pituitary gland is of great significance
was not shared by other investigators, because the existence of this devixtion
could actually not be proved.

A very striking factor is the heredity, That gargoylism is a hereditary disease
is now generally accepted. This means that in one or both parents or in their
ascendants, a pathological gene change has taken place which is a conditional
factor for the origin of gargoylsm. This change might, according to certain
authors, come abour by abortifacients or by alcoholism ™. The geneuc aspecs
are to be elucidated in chapter III

B. Nature and actiology of the disease

The opinions on the aetiology has repeatedly been altered. We chronologi-

cally quote some of them

1917 PARKES-WEBER ? (discussion after demonstratton by Hunter): en-
docrine disturbance.

1917 BLUNDELL-BANHART? (discussion after demonstranon by Hun-
ter). multiple congenital developmental errors

1917 HURLER *: developmental errors combined with degenerauve charac-
teristics and endocrine-like conditions,

1919 PFAUNDLER * % qa familiar divergence, which mainly ecffects the
supporting tissue.

1936 ELLIS %*: disturbance of metabolism, compatable wich Gaucher’s discase.

1936 COCKAYNE®. disturbances of lipid bolism with accumulaton
in liver and spleen.

1937 ASHBY et al® disease resembling amautouc diocy.

1940 HENDERSON * congenital disturbance of the lipid metabolisn,

1940 HASSLER® gargoylism 1s the fourth liprdosis

1942 DE LANGE® gargoylism must be looked upon as a lipidosis on
account of the large conformuty of the cerebral defects with those of
Tay-Sachs and Niemana-Pick

1948 STRAUSS™ disturbance intra-cellular merbolism The question
whether gargoylism 1s a form of lipdosis remains to be szen.

1948 REILLY-LINDSAY "> hereditary constituional metabolic diseass
— probably 1 the reach of combined carbohydrates — coupled with
accumulation

1952 SMITH-HEMPELMANN-MOORE-BARR '™ dysmetabolism of a sub-
stance related to glycogen.

1952 BRANTE™: 2 dysmetabolism of mucopolysaccharides which primanly
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teads to dsturbances in the suppocting fissues and secondly 0 accu-
mulation of tnucopolysaccharides 10 the organs.

1954 WIEDEMANN*". disturbance in the teach of proteincarbohydrates
metabolism.

1955 UZMAN: a genetic determined defect of the strucautal polysaccha-
tides ] )

1955 SEITELBERGER > default of the inter-cellulac glycolipid metabolism.

1957 BRANTE™; it is possible cha primarily the protein membolism.is
distutbed and subsequently the binding process between the proreins
and the mucopolysaccharides proceeds in an abnormal manner.

1958 MEYER, GRUMBACH, LINKER, HOFFMAN " gargoylism e
presents an overpruduction of certan mucopolysicchatides due 10 2
genencatly d d errar of diff ation of fib

From this enumeratton if can be seen that by far the greatest number of the
ase in ag that in the nosofogical system gargoytism should
be classified among the merabolic diseases, hile wich regard to the question
what chemical substances are invalved in this metabolic disturbance no wma-
numiry exists
At first it was assumed that the disease would be the expression of an abnor-
mal course of the fat metabolism *. This opinion has been reconsidered and
oo the disease ts rather seen as the expression of an abnormal couse of the
merabalic processes m the reach of the mucopolysaccharides™ 7
lipids ™, or of the catbohydrates and/or protein metabolism 5,
Besides thar, most mvestigators assume that the metabolic disorders are cou-
pled with accumulation, and they are of opmion that gargoylism should
be classified amond the storage retculoses™ ™ %7 In this tespect then,
they see a reserablance wich Tay-Sachs, Stock-Spielmeyer-Vogr's, Gaucher's,
Niemann-Pick’s diseases and the xanthomatoses osseum
BIELSCHOWSKY ™ 2ho made an intensive study of the pathogenesis of the
storage reticuloses 15 of opinton that the product stored in the reticuloendo-
thelial system and 1n the neeve cells 15 accumutated a5 a result of a meta-
bolic anomaly with regard to the chemical substance that 5 stored
Opposed to the opimon of BIELSCHOWSKY 15 that of SCHAFFER '®, who
:lslsbusx:;isc :h;{u :h(; ::0:5;01:] dnnl; x}: tesule of an excess of a ceersin chemical
3 en as a metabolic error
toplasma of that pacticular cell system,
In the drght of this opsnson, the sub g 1n abi 1 quan
tities within the cells ne i R
Do, b hey snpeat :(s! 3:: be tiken as er:;n:!:ng eronz an"cxccss in the
s that 1t 15 2 question of phanerosis. In the literarute o N .
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LINDSAY ', HUEPER, TOLENTINO and TERRAGENA ™, conducted
animal experiments in which, after intravenous injection of macromolecular
carbohydrate, they saw disturbances appear which — according to these
authots — showed a resemblance to those in gargoylism and concluded that
the substance accumulated in the cells emanates from an excess in the blood
MEYER et al® give as hypothesis that mucopolysaccharides are accumu-
lated as a resule of an over-production of these substances caused by meta-
bolic disturbances taking place in the connective tissue. Contrary to this
opinton STRAUSS ¥, KLENK ™, SEITELBERGER #* and BAMATTER *
consider that the accumulation 1s a mamifestation of a metabolic disorder
taking place in the cclls concerned.

C. Origin of the mdridual symptoms

a.  Enchondral dysostosis

The epphysial catcilage ossification disturbances and the dwarfism connccted
with them arc seen by some investigators as manifescations of an endoctine
dysfunctioning, by others as a primary result of metabolic disturbances loca-
Iised in the connecuve tissue itself ** 2 15 29% 337 Baged on the topographic
dustribution of the skeletal changes, MAU considers 1t probable that the pa-
thogenic action takes place at a certain stage of the embryonic development,
and that the length of this influence 15 bound to a certain ume limic ™

b, Umbidical and inguinal bhernias, liganientary contractures and sk changes
The umbilical and mgumal hernias, skin changes and contractures are ge-
nerally considered che result of metabolic disturbances 1 the connective
tssue.

c. The enlargenient of liver and spleen
The enlargement of liver and spleen are aunbuted to enlargement of the

patenchyma cells, and sometimes to the mcrease of cells belonging to the
reticuloendothelial system.

& Cardiac changers

The cardiopathy was ac fiest constdered erroneously ro be a congenital
development anomaly. Later on, however, cardiovascular sclerosis was found

to be present 10 a number of cases, as the result of gargoyle metabolic distur-
bﬂnCC‘SN‘ 122, 153, 209, 292

e Carneal clondings

The corneal cloudings are, according to most authors, caused by (h(; presence
of gargoyle cells in Bouman's membrane *%, NEWELL and KOISTIN-
NEN ¥, however, considet 1t unlth ly that these phe ena should 1o
any way be connected. They are more mnclined to assume thae structural
changes in the connective tissue of the cornea have a causal relation <o the

cloudings
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§  Deafness

ity i he explananon of the preserce

[ieratire NG unaninUTy 15 reached on d €
Io(; :il:i:ess ot impaired heating MEYVER and OI\X\?ER" find that dleg' must
sssume otosclerosss whereas WOLFF # s mate inclined to assume con ucxm:
dealness in tus case. In her own case WOLFE observed a greatly reduce
duameter of the external auditory meatus . .
The malleoincudal joints were found 10 be ankylon; The organ of Comd
I In the brain histological changes were abscnt. i

‘;)1\; K:BGE, GERLINGS, de KLEYN and LETTINGA™ aseribe the
Jeafness to atcophy of the organ of Corts. Here to0, histological changes were

shsent i
TURPIN, LEFEBRE, CHASSAGNE snd DUCHENE™ note a conduction
dealness as a result of ankylosis of the audwoty ossicles .
RICCI and ANCETTI atribute the deafness to degenerative or thesanfismotic
changes 10 the cells of the cochlear ganglion™.

g Redly's anomaly

The abagrmal granules discovered by REILLY in the fencocyres in a fusmber
of cases were taken o be 2 maturasing distwebance. According to
BRUGSCH ® Reilly’s anomaly had peeviously been described by JORGENS,
aod theee 18 much teseblince wih Alder’s anamaly, in which similac
granules ate found in the leucocytes of scemingly healthy childeen whe
afternards developed serious osseous deformidies, ALDER ' srates that all
the cases observed by him wete accompanied by b ch dusturb
bur he considered the granules not to be the resulr thereof. It is a maturating
disturbance of the blood cells, in which a hereditary factor is of real signi-
ficance LAVES'™ makes known that the granules mamly conwin a poly-
sicchande component catresponding to a hyaluronic acid ester, Aftec treat-
ment with hyaluronidase the granules disappeared.

ULLRICH and WIEDEMANN ™ fegard Aldet’s and Reddly's anomales as
sdentical phenomena UNDRITZ ™ abo supports this idea,

GUELY and SEVERI®™ suggest the hypothesis thae Reilly's anomaly is
nodung but an altered saunabilicy of the eosinophile cells.

h Paxyihic disturbances,

The orgasee changes n the brain must be held responsib

ponsible, according to
REILLY, LINDSAY and McGILLIVRAY, for the psycne discurbances ‘g "
L Mydrocephalus.

In respect of the cause of the hydrocephalus, the concepewon of BISHTQN
:}:‘d}\w“mkf“]:” i the most popular one. These authors consides the
ickening of the pia and asachnodd respansible f
DAbSll’\thlOﬂ of the subarachnoidal space FomsRe Tor s il of complre
ccording 10 these suthors, i cases accom|
2 3 pacied by leptom 3
mng, venacular sidening was always found ¢, S:!'I'RXUSSQ :‘;:"f:‘:fl‘b‘::“}::



LINDSAY ', HUEPER, TOLENTINO and TERRAGENA . conducted
anmmal experiments 1 which, after intravenous injection of macromolecular
carbohydrate, they saw disturbances appear which — according to these
authors — showed a resemblance to those in gargoylism and concluded that
the substance accumulated in the cells emanates from an excess in the blood.
MEYER et al*” give as hypothesis that mucopolysaccharides are accumu-
lated as a result of an over-production of these substances caused by meta-
bolic disturbances taking place in the connective tissue. Contrary to this
opinton STRAUSS "', KLENK *?, SEITELBERGER ** and BAMATTER *®
consider that the accumulation is a manifestation of a metabolic disorder
taking place in the cells concerned.

C  Ongin of the mdividual symptoms

a.  Enchondral dysostosts

The epiphystal cartilage ossification disturbances and the dwarfism connccted
with them are seen by some investigators as mansfestations of an endocrine
dysfunctioning, by others as a primary result of metabolic disturbances loca-
lised 1n the connective ussue wself B3 ¥ 2% 37 Baged on the topographic
distribution of the skeletal changes, MAU considers 1t probable that the pa-
thogenic action takes place at a certain stage of the embeyonic development,
and that the length of this influence 1s bound to a certatn time limit *'®

b.  Umbilical and inguinal hernias, igamentary contractures and sk changes
The umbilical and ngunal hernias, skin changes and contractures are ge-
nerally considered the result of metabolic disturbances 1n the connective
tissue.

¢ The enlargement of liver and splecn

The enlargement of liver and spleen are artributed to enlargement of the
parenchyma cells, and someumes to the increase of cells belonging to the
reticuloendothelial system.

d.  Cardiac changes

The cardiopathy was at first considered erroncously to be a congenital
development anomaly Later on, however, cardiovascular sclerosts was found
t0 be present 1n a number of cases, as the result of gargoyle metabolic distur-

bances ¥ 122 153 27 292,

e. Corneal clondings

The corneal cloudings are, according to most authors, causcd by the presence
of gargoyle cells i Bouman's membrane ¥ NEWELL and KOISTIN-
NEN #*, however, constder 1t unlihely that these phenomena should
any way be connected. They are more inclined to assume that suuctuznf
changes in the connective tissue of the cornen have a causal relaon to the

cloudings
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of one disease® M2 197 167 32 Most authors ate of opinion that there are

sufficient clinical diffesences berween gargoylsm and Moqulx::)s diseass to
; : 18

maintan them for the time being as separate syndromes .

PROGNOSIS AND THLRASY

The patients generally do not get older than ten to fifteen years. According
o FALCHI and MIDULLA the average span of life for girls is 8 years
4 months, and for boys 11 years. A higher age may be reached. The latter
holds erue manly for the aboruve cases and for the cases without mental
deterioration ™. They generally die as the resule of cardiopachy or — awing
to decreased thoracic mobslity — from an pulmonary affection ™. A number
of pauents died after 2 seemingly harmless operacion® ¥, or as the result
of an anaesthetc % 21,

Of the symptomatic therapy (2 causal therapy has not yer been described),
we mention the, in face unimp imp achseved by
means of thyroid preparacions. ERNOULD ™ saw remporary improvement,
bur no Jasung result, from oral administration of thyroid preparations
combrned with Xeray wreatment of the pinseary gland

ULLRICH and WIEDEMANN ™ propose that mvestigations should be
made concetning the influence of injections with hyaluronidase on Reilly's
grantles and on the histological changes in liver and spleen.




bydrocephalus to obstructions resulting from bony changes of the base of the
skull. According to PRICK * hydrocephalus has also been described as the
resule of aqueduce stenosis.

DIAGNOSIS AND DIFFERFNTIAL DIAGNOSIS

Diagnosis is stated to be difficult only in abortive forms or in the intial stage
of the disease. As a differenual diagnosis the following diseases are men-
tioned: rachius, hypothyreosis® ™ 1% B¢ and mongoloid idiocy, cleido-
cranial dysostosis, hyperplastic periostal dysostosts and Crouzon's hereditary
cranjofacial dysostosis®. Also pititary dwarfism and chondrodystrophy, as
well as arthrogryposts ?* are menconed

KRESSLER and AEGERTER discuss some poines of difference with the lipid
and the glycogen storage diseases ™. Whether Morquio’s disease belongs to
gargoylism, or should be differcnniated as a separate syndrome dtsunce from
the latter, is a question not yet answered unammously. Both diseases ate
charactetised by an osteohgamentary syndrome, Morquio's disedse 1s limued
to this syndrome The syndrome generally disungwishes wself n Morquia's
disease, among others, by "hyperlaxite hgamenture” of the jomts of the
hands, more pronounced thoracic defocmty, greacer excension of the ver-
tebral anomalies and predominance of the skeletal changes mn the lower
extremities

Especially a more or less generalised platyspondylia (broad verzebrae) ss seen,
whereas 1n gargoylism the malformations remain himiced o the thoracolum-
bar transition where mucrospondylia, spondylolysthesis and the absence of the
anterior upper quadrant of the vertebral body ("fish-hook shape™) are the
most frequent findings These differences do not necessarily always occur,
Platyspondylia occurs as an exception n gargoylism *® ™ ' and 1 Morquio's
disease also the “fish hook shape” 1 occasionally seen

Although generally different, the skeleta) changes, 1n so far as they can be
scen by X-ray photos, may resemble each other so closely that most authors

now assume that t¢ 15 not possible to establish the differental diagnosis only
by means of the X-ray prcture '* '%

Morquio’s disease furthermore, distinguishes wself by the lack of accumu-

lauon symptoms. Nesther 15 there a Hutler face In all publicattons on

the differential diagnosts between gargoylhism and Morquio's disease, 1t s

meationed that corneal cloudings are absent 1n the latter WIEDEMANN ™

doubts the correctness of this statement and quotes two Morquio cases «1'h

catneal cloudings, moreover the hiver and spleen were found to be enlarged

on palpation. He concludes from thus that also in Morquio's disease deposis

of pathological material may occur .
Gargoylism and Morquio's disease are sometimes considesed as manifestations

* QOral informauon
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i 1o m
are of pinion thac neither TaySachs’ disease belongs w0 thltllnpldoszs H;
Personal opiaion 15 that the conception, that gargoyhsfn sfxou\d ong ht ne
tiprdoses 15 oaly pactally acceptable; ic can only be maintained for the changes
he central nervous system
P o I shou\d)bc bered that the occurrence of these changes
4 .
15 not even imperative in gargoylism

1s Gargoylnm an Endocrinopathy?

The general appearance of the sufferes of gargoylism in some respeas
resembles that of the patient wath endocrine disordecs. It must .bc :mri}:u(cd
‘o dus resemblance that 1nvesugarors unfamiliar with the clinical piceure
someumes wrongly diagnose it as infandile myxoedema or cretinism .

From the discussion following the demonstranon by HUNTER® it appeats
thar the possibilsty of an endocnine disturbance was considered  Espeenlly
the premature plethonc appearance was thought t0 be remarkable in this
respect HURLER thoughe 2 certam relationship with endocrine condiuons
to be prescar’ NONNE? saw 1 his case a combnation of "imperfekter
Chondrod: s mit fel. AL 1,

P

y infanule” (imperfect chon-
drodysuophy with imperfecr infantile myxoedema)

SHELDON ™ described the plorure 5 2 "form of gigantism with splenome-
galy” 1 1 patent m whom t0o strong growth otcurred instead of dwarfusm
REILLY ® called the disease "an atypical familar endocunopathy with a
syndrome of other defects”,
ERNOULD™ was smuck by the discordance between the hyperrophy of
<t otgany on one band, and developmental arrest or funcuonal snsuf.
ficency of vanious organs an the other, and sees 1 thus symptomaology the
rsultant of acromegaly and hypothyreodism, for which he 1 pruttary
dystunction responsible, or an altered senswmvity of the persferal assues for
hormanes as the result of an enzymopathy
:’:}tmxdmg W a stausucal inquiry by A. GIAMPALMO and V GIAMPALMO
\ sclfs changes ace absetved in 50% of the cases, at post monem an
enfarged prustary gland s seldom found. When the piruary as large,
the enfargement 15 generally adenohypophysial, and 1t 15 mainly the chro-
mophobe cells thae show gasgoyle cell changes® ™ # 1 4 262 200 84

Funcuonal disturbances of the pancteas ate nor meanoned the lueraryre
Sporadically sexual nfanulism s described” ™2,

The thymus gland 1s somenmes enlarged® P* M DUHAMEL denses that

n gargoylsm glandulas disturbances should play a part'” Some regard the

;1‘::((3: :,:damt skt\uz\\ hanges as amnsfestanons of an endocrine dysfunc.
recate

disturbances lifahscd in :h: r:::n::nf:m(\l:u:s n:ll?:g’ry";au‘u ot mesabolc

In crennism radiojogscal changes of the sprmat columa may occur sh

a rescmblance o chose seen in gregoglism, which may make 1 dnihc:\;(m(i



Chapter I

CRITICAL REMARKS WITH REFERENCE TO THE LITERATURE

Is Gargoylism a Lapidosis?

The discussion in the literature on the question whether or not gargoylism
belongs to the lipidoses 1s extremely Iively and, 1n fact, undecided.

In favour of the opmion that gargoylism belongs to the lipidoses 1s the fact
that in this discase all typical ganglion cell changes are found, such as are
described in certain forms of lipidosis (Niemann-Pick and Tay-Sachs) as well
as the particular relationship 1n histochemical and biochemical respect, to the
Tay-Sachs’ disease. Indeed in both diseases there are indications for the sup-
position of ganglioside increase, on the ground of an excess of hexosamine and
neuramunic acid in the brain ussue.

Also the conviction of some investigators that the accumulation 1 the viscera
and the nervous system ss actributable 0 a metabolic disorder of the glyco-
lipuds could be used as an argument 1n favour of this conception

A counter-argument 1s the opinion — strengthened by experiment — of some
investigators that gargoylism s primarly a disorder of the metabolism of
complex carbohydrates which co-incides with accumulation  LINDSAY 1n-
jected rabbits intravenously with macromolecular carbohydrate and then saw
changes arising (in 1ntestnes and cornea) resembling those of gargoyhism ™.
Similar experiments were also made by HUEPER and TOLENTINO in
cooperation with TERRAGENA **%. The latter two discovered that, 1f very
young rabbuts are subjected to these experiments, bestdes thesaurismotic change
1n the liver and cornea, also chondrodystrophic changes may appear **°

The occurrence of hexosamtn both in mucopolysaccharides and in gangliostdes,
according o some investigators, also pleads for a primary distutbance 1n the

merabolism of the combined carbohydrates.

Morcover, as a further argument 1s the fact that 1n quanutauve chemical exa-

mination some snvestigators have found no increase of the percentage of hipids

1n the viscera.

The reticuloendothetial system 15 regularly affected i a considerable measure

according to HENDERSON et al ™. Other mvestigators deny this and

consequently reject gargoylism as a hptdosss  For similar reasons they
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B 1%
are of opinion that peither Tay-Sachs’ disease bcl{:ngs w© the \]lpldaScS ‘,.
Personal opinion i that the conception, that gnrgoyhsfn s%muld bel m‘wg hm t :
fipidoses is only pattially acceptable, it can only be maintained for the change:
in the cenral nenyous system.

Turth #t should be bered that the occurrence of these changes
1s 1ot eves imperative in gargoylism

Is Gargoylum an Endocrinopath)?

The general appeatance of the sufferer of gargoylism in some rcfpcas
cesembles that of the panicnt wath endocrine disorders. It must be nm)?mtd
to this blance that investi familize with the clinical picture
somenmes wrongly diagnose it as infandile myxoedema or cretinism .

I'rom the discussion following the demonstrauon by HUNTER® it appears
that the possibility of an cndocrine disturbance was considered. Especially
the premature pletharic appearance was thought to be remarkable in this
respect. HURLER thought a certain selanonthip wich endocrine gondinons
to be prescnt’ NONNE? saw 10 his case 2 combination of “imperfeheer
Chondrodystrofic mit imperfekter Myxoedema infanule” (imperfect chon-
drodystrophy with imperfect mfanule myxoedemal.

SHELDON ® described the picture as a “form of gigantism with splenome.
galy” in a panent ;n whom roo strong growth occurred instead of dwarfism,

REILLY® called the discase “an atypical familar endocrinopathy with a
syndrome of other defecs”,

ERNOULD™ was struck by the discordance berneen the hypenrophy of
cerwtin organs on one hand, and developmenmal arrest of funcrional insuf-
fraxeney of various organs on the other, and sees in this symptomatology the
resuleant of acromegaly and hypothyreodism, for which he considers a pituiary
dysfunction responsible, or an alwered scnsitnsty of the periferal tissues for
hormones as the result of an enzymopathy.
f’\‘ccordlng 10 a statstical inquiry by A. GIAMPALMO and V, GIAMPALMO
" sella changes are observed 1n 50% of the cases; ar post mortem an
catacged prowiary gland 55 seldom found. When the Pirviary s large,
the cnfargement 15 generally adcnohypaphysisl, and it is mainly the (hro:
mophobe cells thac show gargoyle cell changes ™ 7 #. 11 14 26 201 20
Tuncuonal disturbances of the pancreas are not mentioned 1 the Iuer;mrc
Sporadically sexual infantilism g5 descebed ™ 9, ‘
The thymus gland 15 somenmes enfarged ™ * 2% DUHAMEL dettes that
n gargoyhism glandular disturbances should play 2 part '™, Some regard thy
dwarfsm 20d the skeleral changes as mansfestations of an endocrine dysh :
ton Qchers apprecate the errors of growch as primary results of i lronc-
discuebances locafised 1n the connective tissue itself ™ mesbotic
In creonism radiologic; :
a resemblance to xhis: ls:ch:nxﬁcjg;;hlc e oy e shoving
yhsm, which may make ic difficult 1o
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establish the differential diagnosis of cretinism by means of the Xerags
69, 185, 186, 236.

In gargoylism the ossificaon of the metacarpal centres is sometimes
delayed %

Several investigators consider that in gargoylism secondary endocrine distur.
bances are present, due to the affection of the endocrine apparatus by the
same metabolic distutbances occurting 1n the other organs,

Hormone determination in the urine is hardly mentioned in the literature, so
chac it is not yet elear what value should be atcached to the facr thac patho-
logical findings have been noted in this sespect,

The corneal clondings seen n respect to the differential
diagnoss wath Morguio’s disease.

The presence or absence of corncal cloudings 1s considered an important
differential diagnostic criterium between gargoylism and Morquio's discase.
According to the general opmion, the occurrence of corneal cloudings excludes
the diagnosis of Morquio’s disease,

Both condinions resemble cach other in grear similarity of the ostcoliga-
mentary syndrome.

The main pont of difference 1s that gargoylism 1s coupled wuh storage
manifestations and the disease of Morquio not, To the present day post
mortems (3 in all) " ™ 1% of panents with Morquio’s disease, have indecd
not revealed any storage manifestations,

Hepatosplenomegaly owing to accumulation has not been found in Morquio's
disease Apparent enlargement of liver and spleen, however, 1s described as
the result of displacement by strong thotax deformuty or through other cau-
ses '™ P% There are cases of Morquio's disease on record 1n which corneal
cloudings became wvisible only at an older age, and consequently (corneal
cloudings being considered as storage mantfestations) the diagnosis changed
into gargoylism ® ¥ 441 1 97 15 338 Thys form of gargoylism 1s known 1n the
lucrature as “Spat-Hurler” type of gargoylism

WIEDEMANN ** counts these cases under Morquio's disease, as fe 15 of
opinton thar Morquio's dsease may also be coupled with symptoms of accu-
mulation.

There are also nvestgators who sce gargoylism, Morquio's discase and the
so-called "Spat-Hurler” type as manifestations of one disease ™ 17 7 7, these
investigators mamntam the difference berween the Morquio type and gargoy-
Lism on the basis of the presence or absence of accumulation symptoms.

In support of this view they quote BUCKER 7 who stated that i several
families Morquio and Hurler cases were observed simultaneously Later on
all of these proved to be "Spat-Hurler” cases, in which the members of
the family who preseated a Morquio-like osteoligamentary syndrome were
looked upon as Morquio-cases and the others — presenting the same syn-
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drome, but in wham 3f§1er:\|af§ls”comc:\l cornedl cloudings were found, —
rpoyhism > = g
;;:;s;s;ééa agsay(he cesult of pcxscni}l experiences, doubts whethet both af-
icuions have occuteed ta one famidy o .
EOI‘: fismlogm] examination of the bony and caralageous tissue in B“E"zfr{;
and 1a Morquios disease che ooly powt of dxffmnf:, according to M AU,
would appeas to be, that in gargoylism “pargoyle “l_l dungef are sometimes
ohserved n these tissues and neter in Motquio’s tissues. This d(}cs nat, ac-
cording to MAU, exclude uniformity in the cruse of the changes in the bony
and caralageous vssue in bath diseases 8,
Remrning to the view that corneal cloudings ase a manifestation 'nf Fleetl
mulation, braught 2bout by foam-drke celfs in Bowman’s membrare, it should
be mentioned that there are reasons to surmise that in gargoylsm i cannar
be tahen for granted thar the comeal cloudings should be accumulation
symptoms
KRESSLER and AEGERTER *, in a tase of gargoylsm attended with corneal
cloudings, did not find any histalogical changes on examiaing the eye,
NEWELL and KOISTINNEN* found the cloudings to be most pronounced
1n the central part of the cornen, whereas the foam cells were chietly found
nieat the cornevscleral Iimbus, They consider 1t unlikely that these cells have
any relanon 1o the coteeal cloudings They ase mare inclined o suppose that
structural changes of the corneal connective assue are in Causal relation to
the cloudings, BISHTON ez al.™ fouad no hustological changes in the cornea
(post mortern at the age of 6 years), in a typical case w.hece corneal cloudings
had beea duagnosed tat 2 years of age).
Persanal opnuon 15 thar it is of importance for the differential diagnosis that
the parhology of the corneal cloudings should be etucidated, 1 the latter preve
1© be due to structural changes, then the Spat-Hurler type of gargoylism
ought 1wdeed to be counted as belonging to Morquio's diszase (as WIEDE-
MANN considers for diffecent reasons), However, should it appear that the
prevalent opinion sbout the canse of corneal cloudings, namely, that they are
o be anrxbuteti t0 accumulation, 15 correct, then this symptom can be main-
(:med as an imporane differeatal-dragnostic criterium berween Morquio's
iscase and gargoylism
i:‘ r.:l }::1; ::e—rd n‘l;c “f(z::‘cgcxz;l::r that bmhl facors ~~ acoumulation and sruc-
pheaomenon of corneal clodin “ffm'ﬂ y or combined, might result 1 the
gs. In the former case, the phenomenon would
be of fitle value for the differential diagnosis, i the latter, it would Lee:
s value, atherwise agreeing wich the opinion of most invesu’ators that th r
are safficent differences berween gargoylism and Morquio’ s s cere
quio’s disease 10 juspfy
E‘;‘“‘“?S the 1o 25 separate syndromes for the tme being 1 1%
L syndrol M
how nir, m;’;‘:ﬂ;:‘:o":: “‘;C:i :Za:kt 0 at:tr:dttafy meabolic change, It s,
Syndtomes are murually related. xtent the metabolic changes 1n these two



establish the differential diagnosis of cretinism by means of the X-rays
69, 165, 186, 1]6.

In gargoylism the ossification of the metacarpal centres is sometimes
delayed %,

Several investigators consider that in gargoylism secondary endocrine distur-
bances are present, due to the affection of the endocrine apparatus by the
same metabolic disturbances occurring in the other organs.

Hormone determination in the urine 1s hardly mentioned in the lierature, so
that it is not yet clear what value should be attached to the fact that patho-
logical findings have been noted 1n this respect.

The corneal clondings seen 1 respect 10 the differential
dragnosis with Morgquio's discase.

The presence or absence of corneal cloudings is considered an important
differential dragnostic criterum between gargoyhism and Morquio's disease.
According to the general opinion, the occurrence of corneal cloudings excludes
the dugnosis of Morquio’s disease

Both conditions resemble each other mn great similarity of the osteoligr
mentary syndrome.

The main point of difference 15 thar gargoylism 1s coupled with storage
manifestations and the disease of Morquio not. To the present day post
mortems (3 in all) "™ ™ ™ of patents with Morquio's disease, have ndecd
not revealed any storage manifestations

Hepatosplenomegaly owing to accumulation has not been found 1 Morquio's
disease. Apparent enlargement of liver and spleen, however, 1s described as
the result of displacement by strong thorax deformity or through other cau-
ses "™ 25, There are cases of Morquio's disease on record 1 which corneal
cloudings became wisible only at an older age, and consequently (corneal
cloudings being considered as storage manifestations) the diagnosis changed
into gargoylism % 24t 42 73 57 145 338 Thys form of gargoylism 1s known i the
hterature as "Spat-Hurler” type of gargoylism

WIEDEMANN *® counts these cases under Morquio's discase, as he 1s of
opinion that Morquio's disease may also be coupled with symptoms of accu-
mulatton.

There are also nvestigators who sce gargoyhism, Morquo's disease and the
so-called “Spat-Hurler” type as manifestations of one disease ™7 ¥ 7 #% dhese
investigators maintain the difference berween the Morquio type and gatgoy-
lism on the basts of the presence or absence of accumulation symptoms

In support of this view they quote BOCKER 7 who stated that in several
families Morquio and Hurler cases were observed simultancously. Later on
2ll of these proved to be "Spat-Hucler” cases, in which the members of
the famuly who presented a Morquio-ltke os:cohg‘xmcnmfy syndrome were
looked upon as Morquio-cases and the others — presenting the same syn-
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Psychic dererioration s 2 conspicuous symptom (.I\‘[:GXLLWF;AIY i I;lfllfn
’ SENS ™. Ventricular dilasion in combinaton with hydrocephalus is
seen

3, Generally the patients do not get older than 10-15 years

3 Corneal cloudings are often observed

4, Here, 100, serious forms of deafness may be found.

5. Sella wedening is commonly seen, as well as kyphosis dotsalis

6 Here o0, considerable enlacgement of the hver is often scen, a strong
positive Best-stain however 1 the minotity of cases only.

Compation of the classical picture with typus E — with 3 view 10 ob-
wam an mstght 100 the question which functional disturbances or pheno-

mena are purely the sequelae of the neurolipidosis — geves fise to the fol-
foning remaths:

1. Based on the obvious differences between typus E and the classical
syndrome (the resp absence or promi of psychic deteri ) it is
acceptable deed that the presence or absence of neurolipidosis may
be decrsive for the occurrence or absence of psychic deterioration, Absence
of psychic disturbances does not exclude neurolipidosis as appears from
some of the case histortes and post mortems published by STRAUSS et
a1*®, The part played by the hydrocephalus and-or the cerebral vascular
ot pervascular mansfestations is not taken into account here.

2 The absence of lipidosis may be of imp e for the prognosi

3. That n the cases of typus E mennoned above no corneal cloudings have
been observed, should not be atnibuted to the abscence of neurolipidosis,
but 1o the fact thar the greater number, possibly all, belong o the sex-
linked sohenred form of gargoylism 1 which corneal clouding does not
generally occur. It 15 not believed that typus E 15 limited o the
Xt i pattern of inh e.

The autosomal pattern of mheriance n cases whete the clmical picture

gues fise to the presumption that neurolipidosss is not present (prolonged

Iife span, absence of psychic deceriorarion and hydrocephalus) have been

repeatedly described 1 che lteratare? 3 45 16

in several of these cases corneal clouding does occur. However, no

post mortem as made, so that there is no cerfainty with regard t0 the

queston whether neurohpidosss 15 presene or nos.

’g:‘:x; E ’x;::msu;:"bc xep:lcs;:md exceptionally sm{ngly in the sex-linked

mthx;pugcne:c as::(u“‘ further gone mto in the chapter on the

Soi:;g ‘rxh:u b:rh m (;;lpus Eand in the classical form sefious deafness may
+ 1t 15 0bvious that the cause of this deafness shoyld I

place, be looked for 1n the neurolipidosis v ot T he e

Thus does not,

S

of cautse, exclude the neurolipidosss as primary or secondary



There is, however, an objection t0 the view thar Morquio's disease should
be a forme fruste of gargoylism, because the skeletal changes are more
conspicuous in Morquio’s disease than in gargoylism, which is hardly comps-
tible with the view of it being a forme fruste.

TYPUS F - (GARGOYLISM WITHOUT NLUROLIMIDOSIS)
Owing to the accumulation of sphingolipids in the ganglion cells, KLENK,
EDGAR and DIEZEL count gargoylism among the sphingolipidoses ™. To
the sphingolipids the following substances belong :~ ganglioside, sphinge
myelin and cerebroside.

According to these authors the following diseases helong to the sphingol
pidoses.

I Tay Sachs’ (accumulation of gangliosides)
II  Gaucher’s ( " » cerebrosides)
III  Nieman-Pick's  ( » » Sphingomyelis)
IV Gargoylism ( " ,» Bangliosides)

For conventence sake the affection which 1s present in the nervous system
n gargoylsm will, i future, be called neuroltpidosis. In gargoylism the
neuroltpidoss 15 not an obligatory affection, although mention should be
made that 1t 15 not often absent. C de LANGE ' was the furst to observe
that the neurolipidosis may be completely absent She made s discovery
duning the post mortem of a patient whose syndrome had shown some
remarkable features (absence of the following signs. corneal cloudings,
kyphosis and widening of the sella turcica), on which basis (1n collabo-
rauon with WOLTRING) 1t was deemed advisable for the ume being to
set thus syndrome apart from the classical form as Typus E.* '™,

Since then, sumilar observations have been made by WOLFF®, SMITH
et al ™, REILLY and LINDSAY "™ and BEEBE and FORMEL ** in which
also the absence of neurolipdosis was venfied by post mortem.

A summary of the most important characterisucs of these observations (1€
of Typus E), follows,

Psychic deterioration and neurological changes were lacking.

2. The age reached (19-43 years) was considerably higher than the classical
standard of gargoylism

Corneal cloudings were not observed.

Most patents showed a senous form of deafness

Y

. Sella widening was noted in this type, but in most cases 1t was absent
The same is true of the kyphosis
6. In all cases the liver was greatly enlarged and in the majorty of cases
the Best-stain wvas strongly posttive.
A companson of these dara with the classical syndrome of gargoylism (e
coupled with neurolipidosis) now follows.

v

a4



Chapter 111

GARGOYLISM FROM THE ANTHROPOGENETIC
POINT OF VIEW

From the outset gargoyhsm has been suspected to be 2 hereditaty _dxscnsc.
Since the publicafznfo of HALPERIN and CURTIS™, who sho“.cd it 0 be
a recesave heredity determined by a single autosomal gene, this view has
become an established fact

DE RUDDER ® * confirms that gargoylism is a fecessive beredutary affection,
but 15 of opion that only the simuleaneous presence of tho genes (2 "Mon?um
gene” and a "Phosphand-dthesis-gene”™) produtes s affection, while it 1
not yer clear shecher both genes are sinated in one chromosome

Thus conception 15 suppotied by BOCKER”, based on a probable occur-
tence of cases of Morquio's disease and of gargoylsm in one family. ULL-
RICH? consders the disease a recessive herediary affection bised on a
plewotrophic gene. SCHINZ® sees in gargoylism and Morquios disease 2
recessive hereditary affection determined by one gene with ,polyphaner Mani-
festanon und Subletalwirkung” (polyphany and sublethal action) WAAR-
DENBURG “* thirks 1t justified to class the disease among the recessively
hereditasy autosomal charactersucs JERVIS'™, JANSSEUNE and WIE-
DEMANN** are of the same opinion WOLFF* demonsmates the existence
of a hereditary form of gargoylsm linked w the male sex, while NJA ™ s
(}{; first to pomt out that in this type of gargoylsm corneal cloudings ate
absent

On the strength of the data given i the literature, 1t may now be assumed
thac the follon ing heredutary transmasstons exisy

A Retessire Autosomal

This form of hereditary transmussion 15 characrerised by the absence of

symptoms in the parents of the patiear, by 1ts equal occurrence 10 female as
m male members of the fany

sly and she hugh frequency of consanguinity,

which creases the chance of concurrence of Tecessive genes,

7



pathogenetic factor in the classical form of gargoylism. C. de LANGE™
found an atrophy of the organ of Corti, while WOLFF * gives the follow-
ing description: "The organ of Corti preserved its normal contwour, but
no abnormal cells could be identified” (these two patients belong to
typus E). A

RICCI and ANCETTI?" (in the classical form of gargoylism) found
changes in the cochlear ganglion resembling neurolipidosis.

In any case, from this it is apparent that the conception of the deafness as
a symptom of neurolipidosis™ is not quite correct.

v

. From the fact that the sella widening may occur in the Typus E as well,
it appears that this symptom cannot, without any question, be considered
as an exponent of the neurolipidosis.

G. The results of histo- and biochemical examination of the liver in che typus

E and in the classical form mert compatison.

Sofar only observations of typus E confirmed by post mortem have been
constdered.
However, in the literature there undoubtedly figure more typus E cases in
which the absence of neurolipidosis has not been verified by histological
examination.
From the clinwcal picture alope 1t 15 not yer posstble to conclude with
certanty whether or not the disease 1s attended with neurohipidosis Some
general rules, however, could be given,
A. The following symptoms ate 1n favour of the presence of neurolipidoss.
a Hydrocephalus,
b Mental deterioration
ad a: Although no observation 15 known in which hydrocephalus was
found and neurolipidosis was not, yet the possibihity ought to be
taken 1nto account that the two may occur separately
ad. b: The possibility that mental deterioration in some cases where neu-
rolipidosis is absent is brought about by vascular or pervascular
processes 1n the brain, should be consideted
B. The permanent absence of psychic deteriorauion does, 1t 15 true, jusufy the
supposition that neurolipdosis is not present, but there 1s no guarantee
to this,



Chapter HI

GARGOYLISM FROM THE ANTHROPOGENETIC
POINT OF VIEW

From the owiet gargoylism has beeo suspected 0 be a herediary ’discasc.
Since the publications of HALPERIN and CURTIS*, who showed jt 1 be

2 recessne heredury determined by a single autosomal gene, this view has
become an established fact,

DERUDDER® ® confirms that gargaylsm is a recessive hereditary affecrion,
but 15 of opinion that only the simultancous presence of Tao gents {4 “Motquic
gene” and a "Phosphatid-diathesis-gene™) produces thus affection, while it is
not yet clear whether both genes are situated in one chromosome.

Thus conception 15 supported by BOCKER Y, based on a probsble occur-
cence of cases of Morquio’s disease and of gargoylism in one Eamily. ULL-
RICH™ considers the dusease a tecessive hereditary affection based on 2
plectrophic gene SCHINZ®™ sees in pargoytivmn and Morquio's distase a
recessive hesedinary affection detesmined by one gene with ,palyphancr Mans-
festawon und Subletatwitkung” (polyphany and sublechal acdion). WAAR-
DENBURG ™ thinks 1t wsufied to class the discase among the recessisely
hereditary autosomal charactenstics. JERVIS™, JANSSEUNLC* and WIL-
DEMANN* are of the same opimion WOLFF® demonstrares the exisience
ok a heteduary form of gargoyhsm linked to the male sex, while NJA ™ js
:};{inst to point out thae tn this type of gargoylsm corneal cloudings arc
abseng

On che strengrh of the data gven 10 the Wteranure, st may now be assumed
dhat the fallowing heredutary transmissions exist:

A Recerire Autosomal

This form of heredsar i
y sransmission 5§ characerised by ¢h
Symproms 10 the parents of the pacent, by 7 e dbsence of

¥ 18 equal oceurrence in female
; as
mhmale members of the family and the high frequency of <onsanguinic
which increases the chance of concurrence of secessive gooes "
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pathogenetic factor in the classical form of gargoylism. C. de LANGE ™
found an atrophy of the organ of Corti, while WOLFF * gives the follow-
ing description: "The organ of Corti preserved its normal contour, but
no abnormal cells could be identified” (these two paticnts belong to
typus E).

RICCI and ANCETTI?" (in the classical form of gargoylism) found
changes in the cochlear ganglion resembling neurolipidosis,

In any case, from chis it is apparent thar the conceprion of the deafness as
a symptom of neurolipidosis' is not quite correct,

. From the face that the sella widening may occur in the Typus E as well,
it appears that this symptom cannot, without any question, be considered
as an exponent of the neurolipidosis.

6. The results of histo- and biochemical examunation of the liver in the typus

E and in the classical form meric comparison.

“

Sofar only observations of typus E confirmed by post mortem have been
considered.
However, in the literature there undoubtedly figure more typus E cases in
which the absence of neurolipidosis has not been verified by histologica!
examination
From the clinical picture alone 1t 1s not yet possible to conclude with
certamnty whether or nor the disease 1s attended with neurolipidosis. Some
general rules, however, could be gtven:
A. The following symptoms are 1n faronr of the presence of neurolipidosis'
a Hydrocephalus,
b. Mental deterioration
ad a: Although no observation ts known in which hydrocephalus was
found and peurolipidosis was not, yet the posstbifity ought to be
taken into account that the rwo may occur separately
ad. b: The possibility that mental deterroratron 1n some cases where neu-
roliprdosis 15 absent ss brought about by vascular or pervascular
processes 1 the bram, should be considered.
B. The permanent absence of psychic deterioration does, st is true, jusufy the
1on that neurolipidosis is not present, but there 1s no guarantee

PP
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conditions are enumerated. vertebral changes and isol?(ed ;xc;{mnf‘ r:::;:}
cloudings *!, anomaties of the tibs 2%, cranial hyperostosis an!\ ornvg:;] o n
ULLRICH - WIEDEMANN ™ and BAMATI'ER - LAMY ‘oo d \1‘
vain among the selatites of ths'}r r:specln{'c recessive ?:r:‘oss:vmn and X«
somal cases of gargoylsm for such-like microsymptorms.

cll{je‘z::ing to the srausg:cal researches of HERNDON R al® they compile
statistics on the frequency of certain clinical symptoms in 3 group of 96 cases
of the qutosomal type, and compare these with the frequency of the same
clinical symptoms 1n a group of 21 cases of the X-chromosomal type. and
129 cases of unknown genetic type (autosomal or X-chromosomal) with a
view to tracing possible signsficant dafferences. Tor this statistzcal comparative
investgation they select the following signs N

corneal dloudings, dwathism, deafness, limitation of movabiliy of joints,
gargoyle facial expressi cranial lies, hepatosp) £ ‘y. mental
defect, changes in the vertebral column, hernize, short neck, oritis media
occuteing 1n the case history, hypertrichosis and an enlaeged sella rrcrea.

As pomted out, 10 this manner significant differences are found with regard
to corneal cloudings and deafness The X-chromosomal form, contrary w0
the autosomal rype, is seen to be characterzed by the absence of corneal
cloudings and a significant increase of deafness LAMY et al arrives at

these conclustons by means of @ similar staristical comparative investi-
gatson ¥

With regard to the results of these invesugations, the following remarks
must be made

U WIEDEMANN '™ * s pointed out that corneal cloudings are only
to be excluded with cetuainty by means of skt lamp examination. As this
examunanion took place only 1 2 small section of the number of cases from
the hmited X-chromosormal group, the possibility must be taken into account
that in 2 number of these cases where this examunation did not take place
corneal cloudings have nevertheless been present.

The view that corneal cloudings wonld be 2bsent in the X-chromosomal form
can be considered as a rash and pethaps incorrect conclusion.

2 The predominance of deafness should be expected in the autosomal

group 1f the already esrlier quoted opintons of GUY, LERIQU
and LAFOURCADE ' 227 4p corxccr.p QUL TORRIN

Agunst the acceptance of a significant
greater frequency of deafness in thy
X-chromosomal group the following objections are raned: "o
In the first place, n studying the small n
s umber of
oty e syng the sma oer of patients of the X-chroma.
S0 many patents with a
good mentaluy Deafness i L i
5 evenuun LG IS quite Simple to establish
Z‘ patienes wich normat njcnmhry. In many cases of gargoylism, hov\cvl:‘r
wag o the mental deterioration, 1t is difficul; or practically i:n;sossnhlc (o,
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B. Recessive X-Chromosomal

In this sex-linked form the morbific gene is transmitted by female members,
whereas the symptoms are only observed in males (on account of absence of
one X-chromosome in the male). The patents have no morbid symptoms.

It is important to point out here that the disposition to develop gargoylism is
linked to the single pathogenic X-chromasomal gene or to the two pathogenic
autosomal genes.

Having considered that only these two forms of hereditary transmussions
occur, HERNDON et al and LAMY et al have calculated that in about two-
thirds of the number of cases the transmission is determined to be recessive-
autosomal and'in one-third recessive X-chromosomal ®* 3%, GUY and
LERIQUE ¢! s:!:ue thar in cases with clear corneac, the individual clinical
symptoms, as well as the radiological changes develop less strongly than in
the cases with corneal cloudings.

TURPIN and LAFOURCADE explain this difference of intensity by con-
cluding thac che gene could exercise a quantitative effece: "le gargoylisme, ma-
ladie récesstve autcsomique, serait plus geave et sans doute plus précoce que
la variéré gonosomique, parce que toute maladie relevant d'un géne A I'état
duplex, méme récessif, apparait plus 16t er est plus expressive que Ja vanéré
provoqués par un géne 4 l'étar simplex. Cette opposition entre ces deux
variétés de gargoyltsm serait un exemple de plus d’un fair déja note en patho-
logie héréditaire” 277,

HERNDON et al and LAMY et al, by means of statsucs ty to find sigmfi-
cant differences between the frequency of the varous chmical signs in
the two genetic forms of gargoylism and arrive at the concluston that the
sex-linked form, not only distinguishes itself by the absence of corneal
cloudings, but also by the considerably greater frequency of deafness (42.904
as against 5.2% 1n the autosomal form®™ **) In the recessive autosomal
form the occurrence of corneal cloudings is caleulated co be 81 3% ™,
other words, one-fifth of the number of cases with recessive autosomal trans-
misston also have clear corneae.

KLEIN et 21! think i noteworthy that i1n some cases of the X-chromosomal
type, skin changes were found with the same topographic distribution ™ ™
35 3 They wonder whether this 1s perhaps a phenotypical equivalent of
the missing corneal affection.

Gargoylism 15 a disease with a deadly course The sufferer only occasionally
reaches the marrageable age. It 1s, therefore, generally excluded thar the
patient transmits the pathogenic gene to posterity. Therefore, as there are no
indications that the frequency s decreastng, s¢ 1s likely that gene mutaton
plays a part 1n sustuining gargoyhsm as a syndrome. Relatives of sufferers
from gargoylism have been examined for the presence of microsymptoms of

the disease which might be interpreted as m of the pathog
gene being present 1n a heterozygotic condicion. In the lieratute the following




Figute 1 Ancestry of male sex-linked gargoylism

Male sex
Female sex

Panent with gargoylism
Paent with probable gargoylism
4 Chuldren of eaknown sex

o Twins of uncertan rdennty

O Aboruon

4+ Dead under the age of 10
Examined personally

a

[¢]

O Transmuts the disease
L]

[}

&

Examined by another investigator

males that died at an early age were not sufficient to diagnose gargoylism

In V-14 the diagnosss was made on the ground of 2n extenstve clinical exa-
minanon undertaken elsewhere

V18,23, 32, 39, 40 and 41 were exammed personally. In IV 6,7, 12, 20, 27
and V 21 the descripon given by lay people suggested the duagnosis Of
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establish exactly auditory disturbances. Therefore, it could be said that in the
X-chromosomal group a greater number of cases occur in which, owing to
the relatively favourable mental aspect and the more advanced age, it is
possible to diagnose deafness

Moreover, it is important to consider the fact that both in the X-chromosomal
and the autosomal group, - as was stated in the previous chapter - at least
wwo different types of gargoylism occur: the classical form (coupled with
neurolipidosis) and the typus E (characterised by the absence of neurolipi-
dosis). It is conceivable thar deafness 15 more frequent in the one type than
in the other. Further it should be mentioned that up till now the typus E
dominates in the X-chromosomal group.

If one really wants to establish whether the difference of heredity has any
influence on the occurrence of deafness in gargoylism, then only the typus E.
cases from the X-chromosomal and autosomal groups have to be compared
apare from the classical cases occurring 1n both groups

As this has not been done, it is doubtful whether the view, that deafness 1
the chromosomal group obviously occurs more than in the autosomal and
that this symptom should be inherent to the way of transmission, 15 correct
Publications on families m which gargoylism 1s presumably inhenited as 2
recessive X-chromosomal disease are now surveyed Such families have been
described by WOLFF® NJA', LUNDSTRUM ', McGILLIVRAY ',
MILLMAN and WHITTICK ', HOOPER , COLE et al "', BEEBE and
FORMEL *, CUNNINGHAM **, McKUSICK?"* and BAMATTER and
LAMY ¥

In two cases the cerebrum was examined histologically without any changes
being found. These cases concerned patients with normal intellectual facules
and a relatively advanced age (resp. 28 and 43 years).

Also the patents described by HOOPER ' and McKUSICK *™ were intellec-
tually normal. Those desctbed by NJA, McGILLIVRAY and LAMY and
BAMATTER, on the other hand, are characterised by serious and progressive
dementia and the age reached, as 1n most cases of gargoylism, 1s not high

A relanvely high age was reached by the patients described by WOLFF,
HOOPER, COLE et al, BEEBE and FORMEL and McKUSICK

PIRSONAI OBSFRVATIONS

An opportunity occurred to examine some pauents with gargoylsm from a
famuly 1n which the classical form of this disease occurs as a recessive X-chro-
mosomal hereditary atfection

In fourteen male relatves the diagnosis of gargoylism was established of
which twelve certain and two probable It 1s possible that the actual number
of cases 1 this farmly 1s sul] Jarger, because the available data concerming twen
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IV 27 and V 49 there was, morcover, a photograph available, which simpli-
fied establishing the diagnosis A detailed description of the alterations found
in six of these patients, is given elsewhere in this publication (See Chaprer
1V, case I up to VI),

Of fourteen patieats five are still alive:

V 18 — 6 months V 40 — 9 years
V 32 — 8 years 3 months V 49 — 1 year
V 39 — 11 years

and nine dead:

IV 6 — 4 years V1
IV 7 — 9 years V2
IV 12 — 1 year V2
IV 20 — 13 months V4
IV 27 — 5 years 6 months

4 — 3 years 6 months
1 — 3 years 9 months
3 — 6 years 11 months
1 — 2 years 9 months

The main data concerning these patients may be summed up as follows:
1. Gatgoyle facial expression,
2. large skull aarcumference,

3. Oligophrenta, at a later age together with progressive dementia and
neurologtcal signs.

4 Hepato-splenomegaly.

v

. Typical skeletal changes and ligamentary contractutes

6. Once (V 14) a slight corneal clouding was diagnosed In several cases
corneal cloudings could be excluded by she lamp examination

7. On calotic sumulation of the labyninths no vestibular reactron was scen
Disturbances 1n auditory functions could not be exactly determined on
account of psychic disorders

8. Reilly's anomaly could not be shown.

9. The skin anomalies described by COLE et al, ANDERSSON - TAND-

BERG and LAMY - BAMATTER were not found in these cases

In the cases examined the symptoms manifested themselves carly (before the
thied year of life) so that here an “early” form of gargoylism can be assumed
Some relauves not suffering from gargoylism were examined for the presence
of microsymptoms of the disease (IV 24, V 38, 42) The result of this cxami-
nation was fegative.

For the sake of completeness lec 1t be noted here that 1n V 42 a shght
choreiform restlessness and genua recutvata were observed.

A list of data from the literature and panents personally examined with
male sex-linked gargoylism:



Chapter IV

CLINICAL CASE REPORTS

CASE 1

BOY A Ancestry, Fig 1, V 23, Picrwee Fig 2 and 3
EXAMINATION (Age 6 years 10 months)

Dara about the past history 2re Jacking

The child, recently admited o 2 home for menelly dehicient children, shows on
mspection the following features

A for gargoylism typical facial expression, an enlarged bead and cars, marked hyper-
teforism, 2 broad and sunken nose root, a large protruding tongus, red cheeks, a broad
and short neck, a broad thorax with sunken sternum, a protruding abdomen with an
umbilical herata, a considerable kyphosts preseat at the thoracic lumbar juncrion,

Mg 2
Cuse L. bov A, age 6 yrs 10 miby




Comparison of the literature data with personal obscevations leads to the
following conclusions:
1. Contrary to the literature it is thought that in sex-linked gargoylism

cornea! cloudings may occur, although less frequently and 1n a mitigated
form.

[N

. Up till now the X-chromosomal group comprises a relatively large number
of patients of whom it may be supposed - taking 1nto account the absence
of mental disturbances and neurological signs - that there is no cerchral
localisation of the disease (Typus E).

3. It is not considered proven that in the X-chromosomal group deafness

occurs more than in the autosomal group.

Frnally 1t should be remarked that the findings of FALCHI and MIDULLA *!
viz. that the average span of Iife is 11 yrs for males and 8 yrs for females,
may possibly point to a more favourable course of the homozygous condition,
as this condution is supposed to be present in half of the males " **,



Chapter IV

CLINICAL CASE REPORTS

CASE

BOY A. Ancesty, Fig 1, V 23, Peture Fig 2 and 3,
CXAMINATION: (Age 6 years 10 monchs)
Data about the past history are Jacking

The child, recently admitted to a home for menully deficient children, shows on
snspection the followng fearurss

A for gargoylism rypical facial expression, an enlarged head and ears, marked byper-
tetorsm, a broad and sunken pose root, a large protruding tongue, red cheeks, 2 broad
and short neck, a broad thorax with sunken sternum, a protruding atdomen with an
umbiliczl herua, a considerable kyphosis present ar the thoracic fumbar uncuon,

rg 2
Case 1, boy A, age 6 371 10 mubs




3.
—_—— i -

Tg. 3. Casel, boy A, age 6 yrs 10 mths

short and broad hands and fingers, flexion contractures of arms and legs — the
fingers are crooked and the feet held 1n a pointed positton —, increased hairgrowth
at the back and the extensor sides of the extremites and acrocyanosis. The corncae
are clear Further examination reveals 2 greatly enlarged Iiver and a less pronounced
enlargement of the spleen No cardiovascular abnormalities The mouth contains,
due to difficulties 1n swallowing, much saliva The pharynx reflex 1s low

Thete are signs of a spastuc diplegia, pred ing 1n the lower

On both sides Babinsk1's sign s present

‘There 1s 2 mental deficiency comparable to the severest form of tmbecility

Tig 4
Angular kyphosts Spondylolysthesss
T1shbook-shape of L 1 and 2
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X ke fndret tuckened A bulgy frontal bone
Tugh 2nd broad The soof 1 thucken
%u"s zlr:‘:lrl c':oﬁ Ngu strenghtening of the impressiones digutatac. The sella 18
e sul o c
The mastards contain hitle air
:":\K tnh'f%i le:ul:s ate hefty (especnally on the sternal end) showing a d';,hm::
S s:::::d curve Broad and borizonsally running tibs The ends of the fower 1ibs a1
ed The thorax is barrel-shaped. )

:’“:::nl columa (Fig 4) Aogulas kyphoss at the junchon of the 12th thoracic and
fl:st Jumbar vertebra There is a cleat fysthesss 10 the front of Th 12 in rel2tion t0
1.1 Concave fromt of Th 11 and 12 Fushhook shape of L. 1 and 2

$and The first and second phalanges are cone-shaped  Pseudoepiphysis at meta-

capal T Broad and heavy meracarpals There are four ossified metacarpal centres
wsble

Biometrscal data *
Leboratory finidimgs:**

Before 2 more detalled exammnation had been carnied out, the chuld died as the sesule
of pneumoma at the age of 6 years 11 months

CASE 11
BOY B Anuesiry, Big 1,V 14"
PAST HISTORY:

No detasls are known sbout hus bith Normal dentiion Started walking when he nas
17 months ol

ENAMINATION. (Age 3 years 3 months).

The facsa] expression 18 typical of gargoylism The head s large and the root of the
nose susken The conchae of the ears are coarse The tongue hangs out of his mouth
The tonsils are enlarged There 35 3 shight clouding of the cornea on both sides
There are no tpaties of the lens The wtra-oculac tension 8 normal Sticlamp
examinstion 18 not posuble as the resule of the poor co-operation of the dhild Hean
and lungs are found 1 be notmal The hver s enlatged The spleen 18 s palpable
There 15 2 large umbihical hernia Genutals no specal fearyres The hands are short
and broad, the nails shore and curved 10 ve duections The back shows an extensive
diffase hawr-growth

The child makes 2 frendly but swpd impression He 15 cheerful, laughs a great
deal, plays continually and thies to seek contatt It 13 not chear whether he can heat
normally He does not talk yet and cannot uadeestand the spoken nstiucion. On the
whole he gives an impression 10 have a mental age of about two years

X Ray fmdimgs

Skull The skull-wall 15 farly duck The frontal bone 1 i
15 prominens
the ala magna to the base of the nose 1s e o hance of

oo small i
mastoids contan hietle agr mall The sella is not entarged The
PP
. .
. t " " "W K
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Tig 3 Cuasel, boy A, age 6 yrs 10 mibs

short and broad hands and fingers, flexion contractures of arms and legs — the
fingers are crooked and the fece held 1n a pointed position —, increased hairgronth
at the back and the extensor sides of the extremunies and acrocyanosts The corneie
are clear. Further exammation reveals a greatly enlarged Iiver and a less pronounced
enlargement of the spleen No cardiovascular abnormalities The mouth concains,
due to difficultics 1n swallowing, much sahu The pharyny reflex 15 low

There are signs of a spastic diplegia, pred g m che lower ¢

On bath sides Babinskt's sign 1s present.

There 1s a menzal deficiency comparable to the severest form of mmbeaility,

Fig. 4
Angular kypbosts Spondylolysthesss
Fashhook-shape of L 1 and 2




eart and Jungs are gosmal Normal ECG Blood-pressuré 125,80, There 15 8
Heart

Fig 6 Care 111, boy C, uge B yrs 3 mihs

The hands ate short and broad The end phalanges of the fingers ate kept in a cutved
positon The lule hoger 15 curved in a radiat direcuion The bl ate nommally shaped
Thete are no anomalies of the haie grosth, nather 18 there acracyanoss

Neuro psschutric Examination (Age § years $ months)

The motot functions of the ¢ramal neeves are intact Speech 18 imparted and restrcted
w0 some hardly audible words

The musculature 15 normally developed. The power of the muscles does not show
ansthuing abnarmal No fasaiculas contractions are observed The patient shows stereo.
npe movements of which the following are the most mmportant  rhythmic swing
movements of the trunk, continuous watking to and fro with the arms on his back
and runnng with the aems extended 1 front of his body While runnuing he makes
«creaming nowses The movements are charactenised by a lack of grace and supplencss
Apart from this, there 15 apraxia, which 15 obvious from the conunual trying of
cerrain actions which, 2 few monchs ago, he cowld stll perform

The sensibiliy cannot be yudged exactly There 13 no ataxy when walking of standing.
The are well d d Thereare S

18 not present while the optokinetic nystagmus can be actvated 1n both dircttions
The pupils are of 2 muddlewidth, equal in size 3ad reace well 1o light and convetgence

The oculopalpebral reflex 13 clearly strengthened and the reflexogenous 2one 15 ex-
tended to the back of the head

The corneal - masseter and pharnne ecflovar - " L - |
and cre ' . . Lo
The Tt

The O vl we wusuure is normal Lhe cog-wheel phenomenon 1s absent When
anxiouy someumes an affective loss of tone occurs Eyensghe and hearing cannor
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Hand' The first and second phalanges are cone-shaped There are two hand-roor
nuclet visible

The child died some months later from complicattons arising from an operation for
umbulical rupture

CAST Il

BOY C' Ancestry, Fig. 1, V 32, Picure Fig 5, 6 and 7

CASE HISTORY:

Delivery was slow. At bisth 1t was observed that the head was Jarge and the forchead
promtnent

The hair on the head, which was onginally shiny and curly, became bristly The
closing of the fontanclles was delayed.

The developmenr of the carhest childhood expresses stself in the following data
siwing 5/12, first teeth 12/12, walking 13/12 When 18 months old, he could
speak some words, but since then there was no further progress

He often had colds and bronchitss
Due to his aggr he was
children

FIRST EXAMINATION. (Age 5 years 5 months)

His head 15 relanively too long The forehead ts prominent A cracked por sound 1s
present The facial expression ss typrcal for gargoylism

The cyebrows are grown together, above a sunken nasal root The conchae of the car
are large There ts a macroglossia The teeth are small and far apare The vorce 15
high-pitched

The colour of the checks 1s of 2 brighr red as the result of great dilatsuon of the
skin caprllarses

On both sides the corneal diameter of the eyes 18 normal Al layers of the cornea are
of normal clearness (slit-lamp exammnation) The fundi oculi are sound

d i to an for menally deficient

Frg 5
Case Ul boy C, age 8 3r1 3 mths




ol ne(kaulf;: ::cd :;2:’.'1 Normal ECG Blood-pressure lZS/ISOhI;l"htre 83
Hn‘f; :::bx\ml ruptare The lnver 35 enlarged The spleen )5 not palpable,
smal

Fig 6. Case I, boy C. age 8 3rs 3 mths

The hands are short and broad The end phalanges of the fingers are kept an a crved
posinon. The lide finger 1s curved in 2 radsal direction The nails are normally shaped
There are no anomahes of the hair gromth, neither ts there acrocyanosis

Neurp psychatrsc Examiation (Age 5 years 5 months)

“The motor funcuons of the cranal nerves ate intact Speech s impaired and rustnicied
10 some hardly audible words
The musculature 15 aormally developed The power of the muscles dacs not show
anythiag abnormal No fascicular contractions are observed The pacent shows stereo-
npe movements of shich the following are the most smporant rhythmic swing
rmovements of the trunk, connnuous walking fo and fro with the arms on his back
and nuaning with the arms extended 1n front of his body While running he makes
screaming noises The movements are charactenised by a lack of grace and suppleness
Apare from thus, there 1s apraxia, which 1 obvious from the conunual trying of
certan acuons which, a few months 2go, he could sull pecform
The sensibility caanot be judged exactly There 1s 5o ataxy when walking or standing
The gripmovements ate well co-ordinated There are no tremors Spoatancous nystagmus
1t noc present while the optokinetic nystagmus can be acuvated 1 both directions
';\,: ﬁ,ﬁ:‘:’c 1[ almxzdl:wxddl:, equal 11 size and reace well 1o light and convergence
pebral seflex 15 clearly srengthened and the reflexogenous zone 15 ex-
tended 1o the back of the head
’:’:S :::;ll;x:z:ﬁ:re::ipﬁg ox reflexes can be normally activated The abdommal
y a8 well as the periosteal reflexes of the extremuties

The Trommer reflex 13 abseot Clons cannot be evoked Normal footsole reflexes
The tone of the musculature s normal The cog-

-whee! phenomenon 15 absent Wh
anxious somenmes an affecuve loss of tone occurs Eyesight 2nd heaning czn::(
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exactly be determined, On calonc vesubular stimulation not a single reaction is
observed.

The development of the intellectual functions 1s retarded The level obtained s
comparable with severe imbeclity Memory and imprint are insuffiiently deseloped
and even have deteniorated Speech - untl recently the patient spoke & few words -
shows a recession Until recently the game sull contained consteuctive elements, but
now the patient shows no real interest 1n his toys. He only picks them up to thow
away. His attention can only be drawn for a shore time by a moving object

The recognition of persons is limited to those who look after him daily, The affecti-
vity is greatly influenced by factors in his surroundings. He is exateable He secks
contact with adults and laughs as soon as they Jookh at him He has no intcrest in
children

Fiz 7
Cate 11, boy C, age 8 1e5 3 mihs

There 1s Iutle vanation 1n his feelings and also Intle depeh The instnctive behaviour
can be classified as amorphous The spaual onentation 1s hmited to the ncarest
surroundings He 15 sull not clean

He likes to suck his fingers His sexuality 1s not present n a more differentiated form
Hunger, thirst and slcep are normal His temperament 1s lively He has a preat deal
of energy and does not sit sull for a moment. He particularly hives 1n a visual spherc
There are no signs of mamfest towards lus d He gets soon
frightened and 1s extremely dependant on those who take care of him He never looses.
sight of them His psychomotorism 1s poorly developed

Pauent makes a clumsy impression which should be partly auributed to apraxia His
laugh 15 stereotype His crying makes a rudimentary impression and remains himated
to The facial E has a cl like character

On examination he 1s not co-operative and automatcally repulses forcefully everything
that touches him He keeps on laughing at the physican who exammes, but makes
repulsive movements at the same ome It 15 noticeable that he continues to laugh
1n a frendly way at the examiner to whom he objects This proves the nadequacy
of his emotional expression




Efectro-encephatographic examination R ,
When the ¢yes were ofen onhy occastonally some panere-occipual acuvity of 84“;‘
was registeted with moderate ampliudes A fauly swong beta activity was poticed,
slso 30 the posterior tegions The sleep record was wregular, without asymmetsy,
sterpspindles on both sides of 12/se¢

On aroysal a bufatetal symmetric srregular activity of thea and delta frequencies
was observed with a relatively high amplirude. Photic-stimulation was folioned by 2
proncunted ocaipital driving SeSpoRse 1 the frequency range af the alpha and beta
thythm The EEG was udged 1o be diffusely Adusracbed 1o a stight degree.

Jomnts

Shoulders The abducnion, elevanon and endorotanon sre limited The exorotation 1s
normal

Elbows Flexion, estension, pronation and supination are Tinited

Wrsts The fovements 1 al) direenons are lupued

fingers The extension is hmted,

Hips The flexion and adducton are good The following movements are homed.
extension, endototanon and exoratanon The shducnon 1§ shightly escescred

Knees Flexion and extension are limited

Ankles The ankfe movements are norma)

Toes Extensson-restricuon ts sumilar to that of the Singers

X Ray findimgs

Skalt Dolichocephalic form of skull Nocrmal shickness of the skull aall The fron-
fat bone 15 promment The sutwres are closed The sells 1 shoe-shaped and shehdy
enfarged The mastosd contains hstle arr

Thorax The clamicles ate suong The nbs are broad and have 2 honzonsal tousse
The exsremanes of the lowest nbs shon 2 qaconing Barrel-shaped thorax

Vertbral column The lowest vertebrae are broad aad flat. Intervertrebral discs are

natson, specually beraeen L 1 2 Slighe kyphosis at the fevel L 1 2 A h
Th 11 and 12,13, 4 and 5 are concase e

Pelvis The alat are wo i

:;m:x é}mu valgae The hezd of the {emur 1 meduslly Garened

! “;q B e first and second phalanges are cone-shaped Pseudocpiphysis at meucarpal
road and plump metacarpals There 2re fowr ossitfied carpal centees visble

SECOND EXAMINATION. (Age § yoars 3 months)

The £, 3

K :a;: :? bcmrln: Uiker and has a more round aspect The corneae are sull clear

i i e e o Tt o S o

;Smu{ i e 13 Jow There 13 now a slight $pastic tetraparests docom-

3 both
On 2o f;:lf‘ m“anklé \domu ¢an be elicied, The Babinski reflex 1s present The
ot m[m mm\:m ;;;u:ny mg"t‘;mm" Paueac walks with his feer ponted
ate aac 4t
%::mg walkiag 00 atana 15 observed, el Mo wog mhel sheromencn s pesns
by (k‘“‘“m" ok the pavent 13 sull hyperkinenc
O PAriso) L

e m::a e : : I‘;\}('l .:he Previous examigation it 15, however, nouced that the patent

o ks v mfs 207 fongee He gives the wmpression that he gets tired ve

ey o e “ncsce wih adubs but does nor recognize them Toy (;’Y
X e¥en 1o hrow them away Whea eaung he does not ey i

evtn try

o hold hus
poon The chuld contimually sucks bis fingers, wlhule he 15 atally aggeessive

whards tys dothes 2d chews them,
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exactly be determined On caloric vesubular stimulation not a single reaction is
observed.

The development of the intellectual functions is retarded The level obtsind is
comparable with scvere imbecility, Memory and imprint are insufficiently developed
and even have deteriorated Speech - until recently the patiens spoke a fow words -
shows a recession Until reeently che game still contamned constructve elements, but
now the patient shows no real interest 1n his toys He only picks them up to throw
away, His awenton <an only be drawn for a short time by a moving object

The recogminon of persons is Iimited to those who look after hum daily. The alfect
vity 1s greatly influenced by factoss in his surroundings He 1s exciteable He secks
contact with adults and laughs as soon as they look at him. He has no wterest n
children

Fig 7
Case 1, boy C, age & 311 3 mths

There ss htle varauon tn hus feelings and also hetle depth The mstncaive behaviour
can be classified as amorphous The spatial orientation 15 hmited to the necatest
surroundings He 1s still not clean

He likes to suck his fingers His scxuality s not present 1n a more dafferenuated form
Hunger, thirst and slecp ate normal His temperament 15 lively He has 2 preat deal
of energy and does not sit sull for a moment He parucularly lives in a visual spherc
There ate no signs of manifest towards his surs J He gets soon
frightened and 1s extremely dependant on those who take care of bun He never looses
stghe of them His psychomotorism 1s poarly developed

Patient makes & clumsy impression which should be partly attributed to apraxia His
laugh 1s stereotype His crymg makes a rudtmentary impression and remans hmited
o The facial exp: has a cl Like chatacter

On he 1s not co-of and ally tepulses forcefully everything
chat touches him He keeps on laughing at the physicran who examines, but makes
repulsive movements at the same ume Tt 1s noticeable that he conunues to lavgh
10 a friendly way at the exammner to whom he objects This proves the snadequacy

of his emotional expression




Blectro-encephalographic examination

When the eyes were ogen only occasionally some p;\nexo»o;upml acuvity o(" : : ::5

A fairly strong beta activity was noticeds
25 regntered with moderate amplirades o .
:im mg the posteriof regions The sleep record was srregular, without asymmetny;
feep-spindles on both sides of 12 'sec. X
:)np;rlo;usal 2 bilateral symmetsic trregular atnvaty of ‘(!\e(a and delta frcquer;nes
aas observed with a relanvely fugh amplitude Phouc-stimulation #as followed [:; a
proncunced ecopital desving response 10 the frequency range of the alpha and bets
thych The EEG was judged to be diffusely disturbed o 2 shght degree.

Jotnts

Shoulders The abduction, elevation and endorol

tation ate himited The exorotaton is
normal.

Elbows Flevton, extension, pronatton and supmation are hmued

Wrists The movements in all directions are hmuted

Fingers The exteasion 15 hmiced. .
Hips The flexion and adducton aze good The following movements are limited

extenston, endorotavon and exorotaton The ebductian is slightly restercted
Kaees Flexsan and extension are hmited.

Ankles The ankle movements are normal
Toes Extension-testricuon s sumular to that of the fingers
A-Ray ftadiags

Skull Dolichocephalic form of skull Normal thickness of the skull wall The fron-
wal bone 15 promunent. The sucutes are closed The sella is shoe-shaped snd shightly
enlarged The mastard contans lintle air

‘Thorax The clavicles st strong The ribs are broad and have a hotizontal course.
The extsemities of the lowest nbs show 2 natrowing Basrel-shaped thorax

Vertebral column The lowest vertebrae ate broad and flar. Intervertzebral discs are

narrow, specially between L. 1/2 Shight kyphosis at the level L. 172 Anteniotly
Th 11 and 12, L. 3, 4 and 5 are concave

Pelvis The alse are too fat
Femur Coxae valgse The head of the femur is medually {latened

Hand The furst and second phalanges are cone-shaped Pseudoepiphysis at metacarpal
1 Broad and plump metacarpals There are four ossihed carpal centres visible

SECOND EXAMINATION. (Age 8 years 3 months)

"l;he face has become thucher and has 3 more sound aspecr The cornese are sull clear
A Tzc;xox;: nal:ed only to loud sounds Speech has become warse The masscteercflex
s Lively The pharyox reflex 1s Jow There is now a shgh i

ey e ! a shght spastic tetrapazesis accom-

?::1 hn(h( E;.dfs a0 ankle donus con be elicsed. The Babunsks reflex is present ‘The
iy :xmomdmf:me( s bilaterally slight posive. Patsent walks with hus feer pointed
movements are not abolishe -

Durins walkong mg s 21 0t 3 ished No cog-wheel phenomenan 15 present
'll'hc bebavour of the panent ss still hyperkinenc,

; o:::::‘x‘:f: ;"ﬁ: the previous exammation e is, however, noticed that the patient
—— su]: mi any longer He gives the wmpression that he Bets ured very
okl e sl sceks contat with adylts but does not recognize them Tays d(y;
i SM; A%::Z‘e;‘nmtzﬁinmw ‘l‘hcm a%a; When eatng he does not even ty

tam
towards b ciomes s s ‘hﬂ\: by sucks hus fingers, while he s orally aggressive



CASE IV

BOY D: Ancestry Fig. 1, V 39, Picture I'ig 8 and 9
CASE HISTORY:

Normal birth on time.

Data from childhood. tonstllectomy, operation for umbilical hernia, recurrenc colds,
measles and bronchopneumonia,

Could sit at 18 months, walk at 2 years 3 months, ¢could talk from his 3rd year
Patient has only learned to speak a few words From hes third and a half years he has
gamed no fresh knowledge, and deteriorated gradually

He has never been clean Owing to his temper and ateacks of fury, he was admicad
to an institute for meneally deficient childeen, The lase two years it was noticed thae
he became abnormally dull and chursty Now, however, he hardly eats and drinks,
A few months ago he broke his lower left leg, since then patent cannot walk without
support although healing of the fracture was successful

g 8
Case IV, boy D, uge 11 313

FIRST EXAMINATION: (Age 8 years 2 months)

The factal expression 1s typreal for gargoylism The harr of the head s dry and
bristly and the margin of the hair jtregular The conchae of the ecars are large
The nasal root 1s sunken Hypertelorism s absent The skin of the face 1s dry and
scaly and the checks are red There 1s macroglossta The weth are small and far apare
On both sides the corneal diameter 15 shghely increased The retina and chorioidea
show no abnormalities nor the macula lutea The papillae of the optic nesve are
normal. In the cotneae no paracular substances or deposics are nonced (she limp
examinatton) The eyelids are thick and flabby, causing the eye-shis © be narrow
The neck 1s short and broad The thorax 1s broad, and st is noticeable thar the
centre part of the sternum 1S prominent Heart exammation shows no abnarmaliy
The ECG. 1s normal The hloodpressure 1s 110/80 Bronchitte sounds arc heard
The abdomen 1s hefty, and chere 15 a distincr hepatosplenomegaly Specially the liver
is greadly enlarged. The genitals are normal The skin of the scrotum ss thick The
arms and legs are thin n companson to the fat trunk and farge head The lower

52



L+ 4 eencknd Bincers

hmbs gve 2 hypoplastic ympression ) ) :

“The lmle fingee 15 curved radn]l; i ) . ) he
ie-growth is notice = \ —

ety h?;;\eg [skin is tease and on the back and extensor ude 0‘; n\;:oud

pine hmb)’ oas ate nonced. The subcutaneous fat-layer is strongly develops:

squamous lest 5

Fig 9
Case IV, boy D, 9ge 11 yrs

Neuro psichutric examination {Age 8 years 2 months)

The motor functions of the cramal perves are sntact. The speech 13 tmpared The
muscles of the head, neck and trunk are normally developed The musculature of the
exttemiues 15 hypoplastic, specially with reference to the distal parts The muscle
power agpears © be narmal No fasccular contractions are obseeved The patient has
choreiform movements, the head keeps on moving and the aruude of trunk and

5 ly chiagiog, N ble 15 the frequeat blisking of the eyes

The patient 15 able to stand slone and with help fo walk some steps He walks with hus
legs apart and drags them

The accompanying movements of the arms are not suspended dusing walking The
sensibiliny 18 - a8 far 25 can be gathercd - inuact, There ts no ata<ia 1a standing or
walling. Thete are no wemors Nystagmus s absent. The optokinenic nystagmus 1s
rosmal

The pupils ate of medwm-sadts, equal 1 size and react well o hght. The oculo-
Palpebral reflex 15 strongly posiive The reflexogenic zone thereof 13 extended to the
ha;r ot I:Ze head The pauent resces to fond sounds with an wcreased eye-blink
Feflex, also to menacing movements The corneal., masseter- 3ad phas

normally be ehcrred Fham reflex can
Pomuve sucking and biung reflexes are observed

The mouth coptans too Jutle saliva The pauent conunually smacks his Lips When



one wipes around his mouth, a spastic grin appears, at the same ume his mouth
opens The arm reflexes are lvely; the Trommer reflex ts negative. The abdominal
and cremaster reflexes are low. The periost reflexes of the legs are not increased No
pathological foot.sole reflexes can be elicited,

The muscle-tonus appears to be increased Sometimes it 1s possible to clicit an ankle
clonus, Hearing and sight cannot exactly be determined. On calotic vestibular cxami-
nation not a single reaction 15 abserved In che examination of the incellecual functions,
1t appeats that the development 1s very backward; the level reached compares with the
severest form of imbecility, there 1s also a detertoration in the sense of demenua
Memory and imprint ate greatly disturbed. He only knows those who regulatly look
after him He 1s not interested 1n toys, and 1c 1s impossible to attract his anenuon
even for a short period

The patient often makes a sleepy impression. Now and then he looks up and blinks
a great deal with his eye-lids It 1s not possible to obtamn an affective contact with
the patient. His mood 1s apathetic and filled with feelings of disdamn He just looks
for a moment at adults and does not interest himself at all 1in children On coming
closer to the patient, the motoric restlessness increascs.

He sometimes produces a groaning notse The patient 1s completely dirty The saus
fying of his desires has a defintte oral character. Pauent cats and drnks abnormally
little and sleeps too much His attention 15 limuted to the visual sphere The psycho-
motorism 1s poorly developed He has a fixed grin on his face Apare from ths the
patient makes a helpless and unhappy impression

Spinal fluid

The pressure and composition of the fluid are normal

The colloidal tests (mastix, gold and benzoic actd) show a normal curve

The pneumoencephalogram obtained by lumbar insufflation shows a defimite widening
of the third and side ventricles

Electro-encephalographic examination

When the eyes were open no obvious alpha rhythm was observed The EEG con-
tained many theea Js of d plitudes, as well as a fairly strong beta
acuvity, also 1n the posterior regions,

On photic-sumulation a pronounced occtpital driving response was seen, especally in
the frequency range of the alpha rhythm The ELG was classified as to be diffusely
disturbed to a shight extent

Jownts:

The possibility of movement 1s restricted 1n many jomnts The scapulee are high 1n
the shoulder-blades the abduction and elevation are restricted

The rotattons are greatly restricted In the elbow joints all movements are diminished,
as well as 1n the pulse In the hip joint all the movements are diminished, specially
the adduction and endorotation, which are practically ml The flexion and extenston
1n the knee joints are clearly restricted The toes are crooked, just like the fingers

N-Ray frndings

Skull Brachycephalic form of skull The top of the skull 1s somewhat thin Deepened
vascular impressions The surures arc open The entrance of the sella 15 enlarged The
mastoids contatn lietle air

Thorax Vety massive clavicles (especially sternal) Broad mbs The extremutics of rhle
lower ribs show a narrowing, like a pant-brush The outline of the heart 1s norma

{-shaped thorax
l\}’:l:bul Pn:COlumn Angular, nght convex kyphoscoliosis at the level of the thora-
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broad and have a concave margin I

ion The lumbar vertebrae are k

;ox:in[::e:’:y“ﬁ:: fowest epiphysial plate 1s promenent (specially L. 2)

ror

The lowest thoracic vertebrae have a concave fmm he sl of the ihec bone e

Pelvis The 1schaal and pubic bones stand up;nglh: zlngfl(:ca.m;bu], pac bone b

-aing ewhat narrow at the level

‘C:L Thel;le‘"fr;:‘i:ds‘;?lhe femur is medaally flattened and the epiphyses have an
xae val

arzegulac hmae

fiz 10

Cone-shaped phalanges
Broad metacarpals
Coarse trabeculation

Had (Fig 10
There are four oss
Foot (Fig 11)

Pseudoepiphysis ar metacarpal I The phalanges are coneshaped
tfied carpal centres visible Broad and plump metacatpals

Coarse phalanges and metararsals

SECOND EXAMINATIO,

Pauear has gow a disunce full-moon face
The corneae are sulf clear The

i sull lewkonychia, The masseter.
Tk .

e havmas o

N (Age 11 years)

hepatosplenomegaly has markedly increased “There
1eflex 15 very hnet The one. c.

s omp o 18 00ly o sumuly 10 the ummeduate nesghbourhoog
Teadts only 1o loud sounds

L the pauent
He now fals 10 tecognia

e people
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Tig 11,
Brogd metatarsal 1.

CASL V

BOY E. Ancestry, Fig 1, V 40, Picture Fig 12 and 13

CASE HISTORY.

Normal birth

The mental development was retarded Patient commenced to walk when he was
18 months old He has only learned to speak a few words Apart from recurrent
colds and tonsillectomy, he has had no spectal illnesses or operations At the age of
4 years he was admitted to an institute for mentally deficient children

FIRST EXAMINATION (Age S years 6 months)
His facial expression 1s typically gargoyle The hair on the head 1s thick The ¢ye-
brows are grown together The ears are large The skin of the forehead and checks
1s red, dry and scaly Hypertelonism 1s absent The nasal root is sunken The teeth
are small and far apart The tongue protrudes from the mouth There 1s no
macroglossta Mucus comes from the pharynx and nose

The corneal diameter 1s normal The fundus 1s normal The lenses are clear As the
child 1s frightened and restless the examnation with the magnifying glass and sht-
lamp 1 difficult No opalescence 1s found 1n the cornea, but it was not possible to
exclude same with certainty

“The neck 1s broad and short Heart and lungs arc found to be normal The blood
pressure 15 125/80, and the ECG pormal

The lLiver 1s preatly enlarged The spleen is only just palpable There 1s a thick
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panmscatus adipostis The abdomen 15 bulgy There 1s no umbilical herna The penis
and testicles are hefty

The skin of the back and extensor side of the arms is dry and scaly, and here the
hair-growth 15 clearly intensified No acrocyanoss

The hands are short and broad, as well as the fingers which are crooked The linle
fingers are curved radially The nails are normal

g 12
Case V, boy I, age 5 301 6 mybs
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Frg. 11,
Broad metatarsal I,

CAST v

BOY E' Ancestty, Fig 1, V 40, Picture Fig 12 and 13

CASE HISTORY

Normal bisth

The mental development was tetarded Patient commenced to walk when he was
18 months vld He has only learned to sprak a few words Apart from recurrent
colds and ronsillectomy, he has had no spccial ilnesses or operations At the age of
4 years he was admitted to an sutute for mencally deficiens children

FIRST EXAMINATION (Age S years 6 months)

His facial expression 1s typically gargoyle The hair on the head 15 thick The eye-
brows arc grown together The ears are large The skin of the forehead and chechs
1s red, dey and scaly Hypertelorism 1s absent The nasal root 1s sunken The tecth
are small and far apart The tongue protrudes from the mouth There 1s no
macroglossta Mucus comes from the pharynx and nose

The corneal drameter 1s normal The fundus 1s normal The lenses are clear As the
child 1s frightened and restless the examinaton with the magnifying glass and shie-
lamp 1s difficult No opalescence 1s found in the cornea, but 1t was not posstblc to
exclude same with certainty

The neck s broad and short Heart and lungs are found to be normal The blood
pressure 1s 125/80, and the ECG normal

The Lver 1s greatly enlasged The splcen 1s only pust palpable There 1s a thick
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i extension of

Elbows Flexion extension, pronation and sumnation are sestricted The
fiogers 15 Loured. e )
‘\‘;fm‘:summm are moderately limited in all dmman; .
Back The back 15 flac There 18 0o lumbar lordosis or scoliosis -
Hl'.pi Flexion, extension, €xorotanon and endororation is limit
Knees Exteasion and flexion are restricted
Ankles Movements are sub-nosmal
X Ruy frndingy .
Siully’{'h: skull wall 1s rather thun The sutares are Open. Faitly prominent v;\m'lrlx::
impressions The distance of the ala magna to the base of the nose 15 o smal
M 15 sboe shaped and shightly enlarged. i

s’lfhculx The clavicles are hefty and the nibs broad The ends of.(h lowest nt;: are
narrowed (fig 14) The course is horizonta! The steroum 1S prominent Barret shaped
thotax
Vertcral column There 15 @ small bend at the level of L 1/2 The verbrae ate
tugher 1 front than at the back, In the thoracolumbar transwion region the antenor
ade of she vestcbeal body s concave, whule the distal epiphyseal plate is promment
Pelwis (Fig 15) The alie are flat The acetabulum 1s flar and sreegulacly formed
Hip Coxae valgae

Kates Coaese eprphyses
Hands Coarse haped phalanges and
centres visible Pscudoepiphysis at metacarpal 1

pals There are tao ossificd carpal

SECOND EXAMINATION. (Age 8 years)

The motonc behaviour has detenorated When he has 10 walk he sus down agmn
immedistely, he does sit up, however, when m bed There 15 mototic restlessness
The upper part of hus body moves thythmucally Patient sull often whistles and also
grnds fus teeth

He 15 uncooperative dunng phynical examinauon He keeps on Jaughing at the
physician who examines him but 1n the meanume makes repulsive movements Eating
on his ewn 15 no langer possible He does not shaw any iaterest even of the food 1¢
placed s front of him He grabs hus spaon to throw it away. He has 2 greac deal
of interest 10 s nusse, laughs and tries 10 draw her attendion He alsa shows an
meerest 1 his fellow patents. On neurological examination no changes are obscrved
from the previous one

THIRD EXAMINATION: (Age 9 yeats)

The face 15 now emaciated The colour of the cheeks 15 now pale There is teuconychsa
of the finger- a0d toenatls The motor functions have still funther deteriorated, The

ratent can tase himself a lide by leanmng on the side of his elbow, He cannos
walk or stand and ooly sits with 2:d His g

peech has entrcly disappeared Swall
18 dastrbed, be <an only take flmds " T
The motoni¢ restlessness has disappeared The I
popils are narrow and only moderatels

difate i the dack. The oculopalpebiral reflex is oo strongly positive The xcﬂexogem};
20ne 15 extended to the back of the head
The pharynx-reflex 15 low The masseter-fefk

-seflex 13 rather lively I elicning yame
lhtredalso £0sues 4 conteaction of facsl musculature Pavient has stopred wiislhnn’g
nor docs be grnd hus teeth, He yawns a lot There 15 a tetraparesis with mode-
wate fypertonia and shight hyperrelexia. Babiaskis reflezes ate present on bothy sid
¥hxs pembl‘: [ dcvoke a slight ankle clonus e

e cornesl and fupdus exammaron shows no abnort
mahtes On loud o

patenc shows 2 shght seaction The ntellectua) functions have dercnomedunl’d:u‘c:j



Nenropsychatric exammation: (Age 5 years 6 months),

The motor funcuons of the cranial nerves are intact. Speech 15 limited to some word-
sounds. The muscles of the head, neck, erunk and ities are Iy developed
The muscle power is normal. No fascicular contractions are observed. There is a
motoric restlessness, in the shape of rhythmic movements to and fro The movements
lack suppleness. While walking simultaneous movements of the arms are observed
The sensory functions seem not to be disturbed. There ts no ataxa while walkmg or
standing Tremors are not seen

Spontancous nystagmus 1s absent. The optohinetic mystagmus can be ehated The
pupils are of medium-width, cqual 1n size and react well to light and convergence
The oculopalpebral reflex is not incteased The corncal-, masscter- and pharyox
reflexes are normal Percussing the area round the mouth a tonic spasm arises 1 the
facial musculature The arm, abdomunal and cremaster reflexes do not show any
abnormalities The periost reflexes of the legs are Iively Clont cannot be elicieed
The foot-sole reflexes are normal

The muscle tonus 1s good The cog-wheel phenomenon 1s absent The vision and
hearing cannot be exactly determined, There 1s a reaction to Joud sound stimult
On caforic vestibular examination no reaction s observed The intellectual functrons
show a retarded development From the past history 1t 15 also obvious that there ts
deterioration The Jevel reached compares with the severest form of imbecthuy. In
the past the patient was able to speak a few words Speech has now become 1naudible
and verbal contact 1s impossible. The memory and imprint funcrion s insufficrent
The patient has an interest 1n toys The play-level 1s low He touches everything, opens
what can be opened, and spreads the contents around him The duration of interest
for cach objcct 1s very short He also puts objects into his mouth Paper 1s caten
when he gets a chance Patient reacts when a hand 1s extended to fum and thea
gves an mmpression of apraxia The emotional behaviour is unstable and 1 the
highest degree dependant on factors in the vicinuy His mood 15 excited and gay
Noticeable 1s the stercotype whisthing which increases when excited His Taugh musses
gradation and crying 1s himated o groaning He does not lke being made a fuss of
He knows how to orientate umself The state of cleanliness 1s not reached The
urge to satisfy his hunger and thirse ss small He has grear passion for binng, licking
or anything clse of an oral character Patient grinds his teeth, yawns much and makes
stercotype rhythmue movements

His sleep 1s not disturbed There 1s a certain tnterest an hus fellow-patients He lves
1 a visual sphere There are no signs of manifest aggression He makes a clumsy
impression which should be parthy atnbuted to aprawta The psychomotorism 15
Iimtted He has a fixed grin The factal expression 1s wnadequate and often has a
clown-like character On exammaton there 1s a lack of co-oxration He dcfends
himself automatically against any rouch

Examination of the Spinal Tlwid  This does not show any abnormaliies The colloidal
cutves (mastix, gold and benzotc-actd) show a normal pattern

The ¢ halogram ob J by lumbar ). shows a shght but clar
symmetrical widening of the third and side ventricles

Electro-encephalographic examinaction

When the eyes were open no clar alpha rhythm was scen There was much diffusc
activity of thera frequencies with modcrate amplitudes

On phouc-sumulmcn ocerpital drving was scen 1n the frequency range of the alpht
chythm The EEG was classtfied as to be withour definite abnormalities

Jotues

Shoulders Abduction, ¢ and end are hmuted
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fonger rerognizes tus nurse He has lost interest an his toys He makes a sad and
10 Jon,

ess100 . . -
‘;\S::gs :ﬁ"fm the patient sleeps a great deal bug is often awz.\(c| d::jmi:)n:\lwn :usg(\‘\"

Lty has d 2
s greatly shed  His p

HbIs :zspe::nh)aup?tns 1 his immediate surroundiags, but he stcks to detals arl\:l
‘:i::snnm eeuise the peaple as such He grabs a hand 1n the same manner as hie
would grab an object He looks much older than his age

CASE V1

BOY T* Ancesury Fig 1,V 41,

PAST HISTORY:

Birth on nme, detivery normal

Werghe av birch 3000 g1 .
Apart from recutrent colds the patsent has ot been ill.

EXAMINATION. (Age 1 year) (Admission on account of acute otits mc‘dia)

The head 15 notceably large The forehead i bulgy. The large fontanelle is sull very
open. The nose-root is sunken in The tongue 15 normal Two incsor eeth are nisble
“The corneae are clear Heart and Jungs are normal

The abdomnal wall 15 flabby The hver enlarged The spleen is not fele The hands
are short and broad and the fingers stubby The reflexes are normal

N Ray findings*

Thorax Hekty claviculae, specrally at the sternal end

The nbs are strong and have a horizontal course The ends of the Jowest nibs arc
nartowed The thorax 1s bartel-shaped

Vertebral column Arcuate kyphoss at the level of L 1/2

L 2 en 3 are fish-hook shaped

Peloss Flat alae Flat acetabulum

Hips Coxae valgae and broadened neck of the femor.

Hands The st and second phalanges are cone-shaped Two hand roots are vissble
Broad and coarse metatarpals

Baniear died as the result of broncho-pnesmons after measles, at the age of 2 years
9 months, 1n 2 home for mentall; defictent chuldren

CASE VI
BOY F

CASE HISTORY

Patieat 13 the eldest of o ciuldren he brother also has gargoylusm {xe case VIiLy

Burth on tne. Forceps delivery was petformed after which 2 qyanosts of shart duratio;
2 cyanost ration

grams There 13 no blood-relatonship of
The pauent often b Tonsecom
The :]‘m-,lc t often had colds He was opesated for an wmbilica) herma A tonsilectomy
Farst teeth ar 13 moaths, able 1 si¢ ac 18 mq
- onths; walk at 214 years, ralk ar 21,

)tﬁdﬂ The pasient had 1o be helped when eating His walking detersorated grad zll/3
and now he can 10 longer walk wuhout help. o
ENAMINATION (Age 7 years 4 months),
The
Th: \;::::::::‘x 2 opwal Hutler face The haie on the head 15 abundant and brastt

* promunent There 15 hypertelonism “The brasdened nose has a sanken



Fig. 14
Narrorwed ends of the lower r1bs,

Tig 15
Tlat and srregular shaped acetabult Corae tulgae
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Fig 16). Rough tra ation of the phalanges and metscarpals. The poa-
aeds becul: the The rh:
nges (ar= cone shaped  Pscudoep? physesl shaping & the distal end of the metd-
arpal 1 There are seven ospificd carpal centees is! ble

the age of 7 W f ays, of
uent died, at the 3¢ of 7 years and 5 months, baving been sl for a few day

3

sucopurulent bronchicis

Fig 16
Cone shaped phalanges

Psexdoepsphyns at metacarpal 1
Coarse trabeculation

CASE VIt

BOY H Pucture Fig 17
CASE HISTORY

Patient 15 the youngest of o children The brother also suffers from gargoylism
(Case VI1)
Birth was on ime by means of a Caesarezn secuon

Furst tecth at 8 months, able 1o sit at 12 months, to stand ar 13 months
At the age of one year the livet was enlarged

EXAMINATION (Age 1 year 5 months)

The faual expression 1s suspect for gargoylism The head 1s farge The fontanel 1s
wide open Light fair curly hair on his head. The black ejebrows are grown rogethcr
above 2 broad and susken-tn nose-roor The cars are Jarge The cheeks are pale.
The teeth are far apart. There 15 no macroglossia

No corneal cloudsags (shit lamp examination) Notenal funds oculi Retarded vapd
dilatation with homatcopine

The neck 15 broad and short. Heart and lungs are normal,

The thorax 11 flar and broad The abdomen 15 fat and there 15 a small umbilical hernra



root The eyebrows are grown together, The ears are coatse. The colour of the cheeks
1s braght red, The widely-spaced teeth are small There is macroglossia and a noticcable
hairgrowth on the upper lip

The cotneae are clear (st lamp examination), The corneal diamecter 1s normal
Normal fund: ocul.

The neck is short and broad. No cardiovascular abnormalizes Lungs ace normal
The abdomen is balloon-shaped and there 1s an operation scar due to an umbilical
hernia There is a diastasts of the rectus muscle of the abdomen The liver and spleen
are greatly enlarged The femoral arteries pulsate well The testicles are small There
1s poor elasucity of the skin There is intenstve hasr growth on the shoulders anl
upper arms Acrocyanosss 1s noticed and leukonychia of the finger and toe natls

Neuropsychiatric examination: (Age 7 years 4 months)

In percussing the enlarged skull, a cracked pot sound 1s heard The motor funcuons
of the cranial nerves are intact There 1s slight dysarthry The muscles show no
abnormaliies Patient can sit and stand, but can only walk with aid

The sensory functions cannot exactly be determined There 1s no ataxta Tremors arc
absent. Spontancous nystagmus 15 absent The pupils reace to light and are equal i size
The corneal-, masseter. and pharynxreflexes are normal The periost reflexes of the
arms and legs are lively Pathological pyramidal reflexes, as well as cloni are absent
The abdominal and cremaster reflexes are weakly The cog-wheel phenomenon s ab-
sent, The visus and heartng cannot exacely be determined Patient reacts to strong
sounds On caloric vesubular sumuletion no reaction 1s observed

There 15 a retarded development of the intellectual ability The level can be compared
with that of imbecility Patient produces repeatedly short senscless words The spoken
word 1s not understood He shows no interest 1n what happens around him He 1s
friendly and his behaviour apathetic He 1s not clean He continuaily smacks tis lips
Hunger, thirst and sleep are not disturbed The psychomotorssm 1s poorly developed
There 1s no gradation in his laughter, which makes the impression of 2 tense gnn
There 15 no co-operation on physical examination Touch 15 automaucally resisted

Jormts:

The distal phalant of the fingers 15 1n a flexed contraction The extension of the
fingers 1s limuted

In the elbows flexion and extension 15 imited The dorsal flexion of the pulsc 15
diminished Limited abduction, elevation and endorotation in both shoulder jotnts
Shight flexion contracture of the hips The abduction and exorotation are sufficient,
but the end: 15 ot ly d hed Genua valga Slight pes calcaneus The
toes are 1n a varus positon

Vertebral column shghtly curved thoracolumbar kyphosis The whole vertcbral column
1s suff, 1ncluding the cervical region

X-Ray findsngs:

Skull Large skull with promment frontal bone The roof 1s thin and the sutures are
open Faurly vascular The of the mastoids 1
defective The balloon-shaped sella 15 enlarged The ocaipital protuberance seems to
be displaced downwards

Thorax Hefty clavicles The thorax 1s broad and the nibs are strong and follow a
homzontal undulatmg course The ends of the third and fourth, as well as the
eleventh and twelfth nibs are narrowed

Normal outline of the heart Barrel-shaped thorax

Vertebral column The lumbar lordoss 15 flac Slight curved kyphosts at the fevel
of Th 12/L 1 The froat of Th- 11, 12, L 1, 2 and 5 15 dented 1n the middle
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His temperament 15 slow. He 15 not uresome He has a passive aturude He .does
sox make any auempt 1o draw anention He can stand, but only tries 1t when stimu-
lated to do so The chuld seems toe be capable of doing more than can be concluded
from his spontaneous actavitics

The psjchomotorism 1 poorly developed )

The spinal fluid shows no deficrencies as far as pressure and composivon s con-
cerned ‘The cell and protein content are normal. The flocculoreaction of protens
{gold, benzoic acid and mastixsal) shows a nosmal curve The pneumoencephalogram
shows a symmetnical widening of the ventncular system

X Ruv findings+

Skull. {Fig 18). The skull wall 15 thin. The large fontane! is open The frontal bone
1s promigent Rather promtnent vascular wmpressions The sutuses are open The

shoc-shaped sella 18 enlarged The entrance of the sella 1s widened The mastoids
contasn very htle atr

Fsg 18

Thin skull uall Large fonsanel yadel
g Py
ancnie impresnons Shocabaped entrgnd s e

urdened entrance

'::?lr:sxo(ﬂ‘;ﬁy] chimiles “The nbs ate bioad and run 2 hortzonal course. Th
Vernebral g bs shaw 4 naktowing, Lk @ parnt brush Baseehapapar
umn. Slighe kyphoss at the gever. of : hook shape of

::}_v‘lsz ;:d L ! The tumbar Jordovis s flatrened ™ 11 ook share of
s The retvs 15 broad and flar The sseabala ate porma]

Femst Comat walbse The neck 1s brosdensa Ol shoped
Hands The fust and second phalanges sve gone.ch

baghyses There 1 an calacged an v s

P gl teular space berween the me,

e trabeculation of ghe
There are two

Tacarpal;
o the MUl 10d phalnges



The lLiver is enlarged The spleen is not palpable The gentals ate normal, The hands
are short and broad, as well as the fingers There 1s a flexion contracture of the
terminal phalanx of the lule finger, which s radually curved, The nails are well
shaped. There 15 no acrocyanosts The skin is somewhat pasty. The skin of the back
is covered with black hairs The lumbar lordosis ss flactened There are slight genua
valga Slight flexion contracture mn the hip joint

Neuro-psychuatric exammnation: {Age 1 year 5 months)

The motor functions of the cramial nerves are ntact The speech 1s stll undeveloped
There are no abnormalies of the musculature There 1s no motoric restlessness
Pauent can stand and walk with aid As far as can be judged, the sensibility 15 intact
There is no ataxia while walking or sunding The gnp-movements are also well
co-ordinated There are no tremors Nystagmus s absent The optokinetic nystagmus
1s normal The puptls are of medium width, ¢qual 1 size and reace well ro light
The cotneal-, masseter- and phatynx reflexes are normal The reflex examination of
the extremitics shows no special features The abdominal and cremaster seflexes arc
also normal Clont ¢annot be elteiced The muscle tone 1s unchanged The cog-whe!
phenomenon s absent

The visus does not scem to be disturbed, neither the hearng

g 17
Boy H, age | yr 5 mths

The calortc vesubular sumulation produces a lengthened latency time, as well 35 2
short nystagmus duration The ntellectual level seems o be equal to thae of a ¢mld
of 11 or 12 months Thete arc no signs pointng to deteriorauon The mood s
friendly The sstinctive bechaviour as: poorly developed The bbido development in
the psychoanalynic sensc ts present tn the oral phase Hunger, churst and sleep are
definutely not disturbed



rmental home for 2 tengthy petiod “Thete 15 no blood relationship betaeen the parents

“The chuld had recutrent ‘ontis mediz and nasal colds

Adenotomy was performed The stools wert wregulse (commencing with
paton, fatet the mouons were tnny Twice she had fat the age of 10 mon!
anack of sereamiag, accompanied by 3 temot of the whole body

The burth was spontaneous and on ume, The aeight at birth was 2900 grams
Laughing 2/12, st teeth 7/12, swung 8/12, standing 10/12.

Feom the tenth month onwards the development of the chuld was recarded

Fig 19
Care N, grel 1, age 5 3rs 10 mubs

TIRST EXAMINATION *
rIRST BN (Observauion from 2 years 3 months unal 2
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CASE IX
GIRL I*
CASE HISTORY:

There is no blood relationship between the parents Patient 1s the eldest of 4 children
The second one (a gitl) has eptlepsy and the youngest (a brother) probably suffers
from gargoylism

The third child {a gul) died two days after brrth with signs of cyanosis The mothet
had one muscarriage.

The patient was born by means of a forceps delivery At burth 1 was already noticed
that the head was too large.

Pauent suffered from parathyphoid and had often colds

She underwent adenoidectomy, tonstllectomy and was operated for umbdlical hernit
and for a polyp in the left nostnl

She could walk and talk from about 18 months, from 34 years enwards the psychic
functions deteriorated It was also noticed that vision became worse From s 4th
year the chuld vas pracucally totally blind as the result of opuc atrophy

EXAMINATION: (Age 5 years 9 months)

The head is very large and the forehead high and bulgy There 1s hypertelorsm
The back of the nose 1s broad and sunken The hair of the head s brstly and
abundant. The lips are thick and the tongue too big The teeth are far apart The
corneae are cloudy The pup:l reacuons appear to be normal

From the lefc nostril a small polyp protrudes

The right nostril also has polyps The nose septum s thin and possibly perforated
The neck s short and broad The liver and spleen are obviously enlarged The upper
arms and thighs as well as the shoulders are very hary There 1s a Jumbar scoliosis
There are shighe contractures of the arms and legs The foot-sole reflexes are indif-
ferent

The tension on both arms 1s high, up to 200 140 The tenston on the legs ts much
lower, about 60 mm systolic. The femoral arteries pulsate only slightly, Above the
heart or the aorta no murmur 15 heard The ECG 15 normal,

X-Ray findings*

Skull The skull 1s noteably large and elongated The wall s rather thick The
sutures are wide open, excepting the Jambda-suture which 1s mvisible The mastoids
contain very little air The sella is abnormally large, the antertor wall s mussing
Thorax Coarse claviculae The rbs are broad and run a horizontal course The
extremities of the lower ibs show a narrowing, like a pamnt-brush.

Vertebral column Slight kyphosis at the level of Th 12/L 1 Tish-hock shape of
L1,3and 4

Hands The first and second phalinges are cone-shaped Broad and plump metar
carpals Seven ossified carpal centres are visible

CAST X
GIRL J: Fig 19

CASE HISTORY *
She 15 the second of four children The cldest was born prematurdy and died at the
age of 6 months MP had dibetes and on account of depression was nursed in a

* P:ci)r J P Slooff kindly gave us the case-history



. Thete 1 2 reaction to sound sumul Calonc vestibulie examenation was not carried out
The psschustric examinzuon can be summed up as follows From the past history
it 15 cbvious thar there 1s d an develop L p lly a lagging behind of
the ingellecrual funenions Larer, oo the basis hereof a dementa developed. Although
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Enlurged, thin skull, wnb open sutures. Shoe-shaped, enlarged
1ells Distension of the occtpual region
Fig 21
Tisbbook shape of
Kyphosss Lland 2

Spondylolyithess




the paremts is not known A nephew (on father's side) died shortly after birth as the
result of congenital brain anomaly

Patient was born by means of forceps (weight at birth 3160 gr.). At burth the skull
appeared to be noticeably lazge. A variance of the back was also noticed (kyphosis)
The tongue was large and furrowed The fontanel closure was normal

From the age of 16 months the girl could walk. Initially the mental development was
fairly good, even though there was certamnly a delay, The girl learned fo speak but
was never able to make sentences From her sixth year, speech gradually toully dis-
appeased At the age of two the girl was clean at night, but latcr enuresis appeared
She often had colds and pneumonia Tonsillectomy and adenotomy was petformed
At the age of 514 years she was pracocally torally blind.

From the age of 6 she was completely bed-ridden From the age of 9 jears, she
regularly had epileptic fits

Patient has always been keen on music.

EXAMINATION: (Age 11 years 9 months)

The facial expression 1s typically gargoyle, Latge, conspicuous long skull

The large avricles are implanted Jowly There 15 hypertelorism The cjcbrovns are
very developed, but are not grown together. The back of the nose is broad and sunken
in The facial colour is bright red

There 15 macroglossia The corneae scem large and are cloudy. Consequently the pupil
reactions cannot be determined.

The mouth contans 2 superfluous amount of saltva The pharynx reflex 1s nearly
absent The teeth are carious Many parts are absent Those teeth which are Icfe, are
far apart The neck 15 short and broad

On physical examination of heart and lungs, bronchitic sounds are heard as acll as
a systolic murmer at the apex of the heart The abdomunal wall 15 weak There s a
diastasis of the recrus abdominal muscle There 1s an umbilical hernia The hwer is
greatly enlarged The spleen 1s not felt The vertebral column shows a hyphoscoltosis
at the level of the thoracic lumbar conversion The skin of the back s very haury
The fingers arc bent Apare from this the hittle fingers are radially curved The hands
are short and broad The movements in the shoulder, clbow and hip joines are
noticeably restricted There are genua valga

The nails are not malformed and are of a soft consistency

Neuro-prychiatrsc exampatson. (Age 11 years 9 months)

On percussion of the skull a cracked pot sound 1s heard Njstagmord movements of
the eye-balls are observed The muscles of the face are not paralysed

Patient cannot swallow normally and cannot talk The mouth contains a lot of salva,
probably as the result of disturbance n swallowing Repeatedly smacking movements
are observed

The muscles of the neck and trunk appear to be normally developed The extremities,
especially the distal parts, make an impression of hypatrophy, probably as the result
of tnactivity Fascicular contracttons are not scen The power of the arms 15 clearly
diminished The Jegs are paralysed

“The sensory funcrions cannot exacth be jdged Tremors are not noticed

As the result of corncal cloudiness the pupils cannor be examined The corncal reflex
« normal The masseter reflex 1s very hvely and the pharyax reflex 15 pracucally
absent. The feflex examination of the arms does not show any abnormality The
abdominal reflexcs are low There 1s hyper reflexion of the legs On both sides foot
sole reflexes of Babinski can be eficited The feet are kepe tn a pouted posiion The
tone of the leg muscles 1s increased There 1s no cog-wheel phenomenon e bhod

The taste and smell function cannot be exactly determincd Patient 1s totally bl

N



There 15 a reacuon to sound sumuli. Calonie vestbular exammauon was notcarried out
The psychiarsic examination can be summed up as follm\s. From the past history

i¢ is ebvious that there 15 d n Iy a lagging behind of
he wellecrual functions Later, on the basis hereof a dementia developed  Although

Fsz.20
Enlarged, thin shull, uih open sutures Shoe-shaped, enlarged
tella Distenston of the ocapreal regon,

g

Tubbook o5,

Kophog, 1 o L1 and 2
Srondylolysthery

Tt



1t wa¢ not possible to examine the child anymore by means of psychological tests
and to calculate and measure the intellect, it 15 definite that the chuld 15 gravely
menally distutbed This fact is obvious as no contact can possibly be obtained 1 the
gnostic nor accoustic sphere

XN-Ray findings:

Skull: (Fig 20) Large, especially long skull Thn skull wall The frontal bone is
prominent The sutures are gaping The distance of the ala magna of the sphenond to
the base of the nose 1s small The shoe-shaped sella 1s enlarged.

Vertebral column, (Fig. 21) Fish-hook shape of L 1 and 2. Crack at the level of
Th 12/L 1. Dislocation of L 1 1n a dorsal direction

Thorax Broad clavicles and ribs. Ribs run honizoneally The thotax s barrel-shaped
Humerus. The head of the humerus 15 flattened and trregular of shape The shafe of
the humerus is very coarse

Hips Coxae valgae

Hands The first and second phalanges are cone.shaped Very broad hand Coarse
trabeculation of the metacarpals There are 4 handroot nucler visible

Panent <hed ar the age of 12 years as the result of starvation caused by aor beng
able to swallow,

Casr Xn
GIRL L *
CASE HISTORY:
She 1s an only child The birth was on trme and was lengthy Patient often had 2
cold She was operated for an umbilical hernia She could st at the age of 6 months
Now, she can, with aud, make 2 few steps Two chuldren of a sister of the mother
(resp 15 and 16 years old), are supposed to have an affection of the thyroid gland

EXAMINATION (Age 14 months)

The facial expresston 1s typreally gargoyle The lasge fontanc! 1s neacly closed

The aurtcles are large The eyebrows are grown together, above a sunken-in nose roat
‘The forchead 1s prominent

The eyelids are somewhat pasty The corncac ate clear on both sides, also with slit-
lamp examination The fundus 1s normal on both sides, also the papilli of the optc
nerve and the macula regron

The tecth and tongue show no abnormalinies

Heart and lungs are found to be normal The neck s shore and broad The abdomen
protrudes and an operation scar 1s visible (umbilical hernia) The liver 1s just palpable,
the spleen cannot be felt

There are small brown pigmentations to be scen at the level of dhe right shoulder and
righs inguinal region

The back 1s covered with black hair

The hands are shore and broad The formauon of the nals 1s not abparmal The Jutle
fingers arc somewhat curved There is no acrocyanosis The lumbar lordosis has
disappeased There 15 no restriction of josnt movement Pauent walks a few steps with
ad, with legs far apart

Neuro-psychratric examanatson® (age 14 months)

No sbnormalies are found There 15, however, 8 weak reaction on calotic vestbular
sumulatron Pauent shaws a good reaction to sound sumuls

* Dr M L M Houben of Hectlen kindly gave us the opportunity fo ¢xamine the
patient

-y



Electro-encephalographic exammation .
Only a skeep tecord could be obtataed (seconal) No abnormalities were found.

X Ray frndings
Skufl Rather thin skull wall The frontal bone isA promment The sutures are o;’tn'
The large fontanel 15 ot closed Increased impressiones dlglﬂmt' ‘The sella 1s slightly
enlarged ‘The enwrance 15 shghtly enlarged. The mastoids contain litle as
Thorax Hefty clavicles (especially the sternal parts) Broad batrel-shaped thorax
Verucbral column- Fishhook shape of L 1 and L 2

3 valgae
l}’;l;:s C.'li::c(uzxgznd second phalanges are cone-shaped Broad hands Broad and
plump metacarpals There are four hand-root fuclei visible

CASE X1
GIRL. M Fig 22
CASE HISTORY
There 15 no blood-relanonship i the famuly
The gurl, which 15 an only child, was born normally and has had no specal sllnesses

The sister of the mother suffers from a progressive affection of the mervous system,
the aature of which 1s unknawn

i

Fig 22 Case XU, guil M, age 6 monehs

EXAMINATION {Observatsos
She has a typical Hutler-face
The large fontanc] 15 sy wide open The b,

aic on the head
The aunicles ste arge There 15 hypercelomon The colowr of o ond

™ 32t 5 10 7 months)

and curly
the face 15 pale The
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corneae are cloudy in all layers on both sides. Basically this cloudiness is more
pronounced The slit-lamp cxamination does not produce further details

The pupils difate moderately with mydratics. The fundus appeats to be undamaged,
but more delicate structural abnormalities could be camouflaged by corneal cloudiness
The back of the nose is broad and sunken in The eycbrows are grown together,
The shape of the tongue is normal The mouth 1s broad and the lips are thick Tecth
are absent There are a few haws on the upper lip

The Irver 1s greatly enlarged. An umbilical hernta 1s absent The skin s sound, The
trupk and extremities are hairy The lumbar lordosts s flattened and extension of the
vertebral column is limited

Heart Examination,

The heart 15 enlarged 1 ¢cm to the left. No praccordial bulging, no cyanosis and no
thll. When patient does not breathe a hard blowing systolic murmur is heard over
the praecordium, with maximum intensity at the base of the heart. Low, along the
lefe sternal edge hardly 2 murmur s heard The murmur 1s continued ro the back,
interscapularily, The second pulmonary sound is normal Many conducted sounds
over the thorax The femoral artery pulsates far weaker than rthe brachial arcery The
ension of the lefe arm 15 systolically about 110, and thac of the right leg about 70
Electro-cardiogram  Normal axes Probably combined righe and lefe hypertrophy.
Thorax Scrceming The heart is enlarged especally to the lefe The pulmonary arch is
straight The filling of the lung 1s normal The progress of the aorta 1s to the kit
and the course of the oesophagus 1s normal

Neuro-pryehsatric examination. (Age 6 months)

The motor functions of the cramial nerves are ntace. The muscles are normally

developed There 1s no motoric 1 The sensory as far as can be

gathered, are wtact Cerebellar function distutbances are not present The pupils are

middle-wide and react well to hight The oculopalpebral reflex 1s not d Normal

cornealmasseter and pharynx reflexes The reflex exammatton of the abdomen and
show no ab I

The muscle tone is normal There 1s a good reaction to light and sound stimuli The

caloric vestbular examination shows a long latency period as well as a shorr nystagmus

duration

The wmtellectual functions are certainly defective The motoric development 1s definitely

retarded The head is not yet raised The actual graspmovement 15 not yet done by

the pauent, although some acuvity of the arm muscles 1s nouced The affectviry 15

not disturbed The appetste 15 small

The child has a2 friendly characeer The psychomotility 1s poorly developed

Lle phalographic e
Thete was no alpha-equivalent rhythm In its stead an irregular tracng was recorded
consssting of varying theta-components whereon somewhar quicket activity was super-
imposed without constant asymmetry When ctying, pronounced thychmic actvaty
of 3 per sccond ensued, above the posterior skull The EEG was very irregular
without constant asymmetries e was classified as 1o be diffusely distutbed, 0 @
shight degree

N-Ray findings®

Skull Thin skull wall The large fontanel 1s open The sutures are open The scll
15 not enlatged The mastoids contain little arr ‘
Thorax (Fig 23). The course of the ribs 1s horizontal Hefty clavicles (especially the
sternal portion) The heart 1s enlarged to the left The thorax 1s barrel-shaped
Vestebral Column Kyphosss at the level of L 1/2 Tishhook shape of 1 2 and L. 3



Plump and broad
d hand, The 15t and 20d phalanges are cone-shaped  Plump
o B e o5 tre 18 visible
osqufied carpa) cents ]
l;e\u: ";x(::lu(:i:iou of the head of the femur Coxae valgac
el

Fig 23

Hefty clarscles
Hears enlarged 1o the Iefs
Hepstomegaly

CASL X1v

GIRL N Fig 24
CASE HISTORY
Thete 15 no blood refanonship between the parents Panient 15 the fourth of five
children, of which the eMest (boy) died as the age of 7 months as the resul of an

scute stomach and intesunal catarth 3nd the youngest (boy) died, cleven hours after

a breach presentation, probably a5 the result of erytroblastosis foetalis The mother
had three miscartiages (no rhesysantagofism)

The burth of the pauent was normal She could walk at the age of 16 months, and
was clean 10 nme She undersent a tonsllectomy

LXAMINATION {Age 4 years 2 months)
The faoal expression 15 gargoyle

The skull 15 toa large The large fontanel 15 closed No bony ridges are felt on the



shull The forchead 1s prominent. The hair on the head s thick, suff and shiny.
There is hypertelorism The base of the nose is broad and sunken in. The ¢ycbrows
are not grown together, The corneae are clear (shit-lamp examination). No megalo-
corncae The distantia pupillac is increased The large and broad tongue hangs out
of the mouth, The lips are thick The teeth are small and far apare The colour of
the face 1s pale. The cars are coarse, The girl has a low voice,

Heart and lungs are normal, The Itver and spleen are shightly enlarged. There 1s 2
small umbilical hernia The abdominal wall ss thick. On the extremitics some impai
ginous spots are seen  Acrocyanosis, malformation of the hands and anomalies of the
nails are not present.

Nenro-psychratric Examnation: (Age 4 years 2 months)

The motor functions of the cramial nerves are normal. Pauent says a few words, but
these are barely audible. There 1s strong motoric restlssness, Patrent makes gmaces
The musculature 1s notmaily developed. The muscular power is good Fascicular
contractians ate not noticeable The sensibality scems not to be disturbed There is no
ataxia in walking or standing The i are well i d There
are no tremors Spontancous nystagmus s absent, The optokinetic nystagmus is normal
The pupils are middle wide and rcace well o highe and convergence

The oculopalpebrat reflex 1s not ncreased The cornea-, masseter and pharynx reflex

g 24
‘ Case XIV, girl N, age 4 4r5 2 mths

15 normal The abdomunal reflexes arc low The perrost reflexes of arms and legs arc
lively The Trommer reflex 1s negative There is inchnation of cxtension of the big
toe by cliciung the foot-sole reflex Clons cannot be chicited

The muscle tone 18 normal The cog-wheel phenomenon s absene Smedl and taste
sensations cannot exactly be examined Patient racts to visual and audstory stmuli
Qa caloric vesnbular sumulation no resctton ss seen of the left labyrinth The right
tabyrinth shows a Jong latency period and a short nystagmus duration e and
The examination of the intellectual functions 1s made difficult by the neganvistic



- Lo o ' . - ganed
. . seems,
notion
of her surrcundiags and her own body At tmes she is very reserved, laughs 1nto
space and stares upwards At times thete 15 a noticeabl k The devel
of speech is retarded Patient docs not react to oral instructions She can only fulfil
a task after it has been shown a few umes The mmprint here seems to be slow When
contacung Strangers, the patient 1S negauvistic, suspicious and anxious She 15 very
atached to her parents The mood is to a high degree dependant on factors in her
sutroundings She easily flies 1nto tantrums
There ate mamifestations which point 10 an increased oral libido Patent contnually
sucks her fingers, and frequen-ly puts articles 1 her mouth She also delights in
throwing things away, but not unul she has rouched them with her mouth The
appetite 15 good. The sleep thythm 15 quute distutbed The facial expression 15 fixed
On physical examination the patient 15 not operative

Ulectro encepbalographic examnaion

The EEG contamed o0 many bilatera) synchronous theta and dela actviry, especially
1 the ocapital regions The slecp record was normal The EEG was classified as
4 nype poinung co diffuse cerebral distusbances

Fig 25

Strong sasculay impressiont
Shae-chaped sells

X Rag findings
Skl (Fig 25) The wall of
Ppressions The surures
1s not enlarged The

e skull is of norm,
31€ apen. The frontal bane
Pocumatsation of the mastg

al thickness Strong vascular im.

B prominent The shoe.s
T e e-shaped selta



skull. The forchead is promicent The hair on the head is thick, suff and shiny
There is hyperrelotism The base of the nose 1s broad and sunken in. The eycbrows
ate not grown together The corneae are clear (sht-lamp examinanon) No megak-
cotncac, The distantia pupillae is increased The large and broad tongue hangs out
of the mouth. The lips are thick. The teeth are small and far apart The colour of
the face 15 pale, The ears are coarse The gitl has a low voice

Heart and lungs are normal The hver and spleen are slightly enlacged, There s a
small umbilical hernta The abdomimnal wall 15 thick On the extremities some tmpet
ginous spots are seen  Acrocyanosts, malformation of the hands and anomalies of the
nails are hot present.

Neuro-psychiatric Examsnatron: (Age 4 years 2 months)

The motor functions of the cranial petves are normal Patient says a few words, but
these are barely audible There 1s strong motoric restlessness. Patient makes grimaces
The musculature 1s normally developed The muscular power 1s good Fasaicular
contractions are not noticcable. The sensibility seems not to be disturbed There 15 no
awxia in walking or ding The grasp are well d d There
are no tremors  Spontaneous nystagmus 1s absent The optokineric avstagmus is normal,
The pupils ate middle wide and react well to light and convergence.

The oculopalpebral reflex is nat increased The cornea., masseter and pharynx seflex

Fig 24
Case X1V, gird N, age 4 yrs 2 mths.

1s normal The abdominal reflexes are low The periost reflexcs of arms and legs ;H
jwvely The Trommer reflex 1s negatve There 15 1nchination of extension of the big
toc by eliciting the foot-sole reflex Cloni cannot be elicited

The muscle tone s normal The cog-wheel phenomenon 1s absent Smell and (JSIK
sensations cannot exactly be examtned Patient reacts to visual and auditory sumuht
On caloric vesubular sumulation no reaction 1s seen of the left labynnth The right
labyrinth shows a long latency period and a shore nystagmus duration nd
The examination of the sntellecruat functions s made difficult by the negativistic a



1d walk at the age of 14 months
:;:::}: :i::clo:mcm was clearly delayed At the age of 2 years he was ckan.

. : hs)
FIRST EXAMINATION: (Age 6 years 3 mont ) )
The frcial expression has gargoyle fearures The hal; on the head 1s l:";l:(}::"\"!?:::
own 10, 3
¢ promupent. The ears ase large. The eye-brows are gr
:‘: ‘: “:flo:xm “The root of the nose is sunken . The small tecth are (zr;mrf
Somycremdnmems are missing Matroglossia 18 80t obsesved The colour of the face is
fe “The cheeks ase chubby.
ac strucrute and clearness of the cotnea s normsl (she-lamp cxamunation).
The neck 1s broad and shor Hzart and lungs are normal
BP.rilO’sO Broad thorax with chicken-breast and Harnson's prooves The lwer ts
slightly patpable The spleen cannot be fels. Thick panaiculus adiposis, The abdomen
is promunent There is no umbilical hernia. The penis 15 normal. The night tesucle 13

not descended (3t 15 present in the inguinal canal) The kefr testicle 15 noe to be found
{oeather 1 the scrorum nor the grom),

The skin is slighdy oedematous There are many Jarge and smadt cafl au lait spots
10 be seen on the trank, The back and extensor sides of the arms are haity

No acrocy2n08ts The hands are nonceably large and broad The fiagsts arc selatively
short and broad The nails are normal The lule fingers are radually curved. -
The vertebral cofuma shows no scoliosis or kyphosis The lumbar Tordosts 15 not
fattened 1n the Jup and knee joint there 15 a shight flexion contracrit~
Neuro-psychiatrsc examination (Age 6 years 3 moathe):

The motot funcudns of the cranial perves are intact The spxech s slow, The panent
sometimes stuttees The muscles ate noemally developed. The muscle power 15 goad
No fascicular contractions are observed The movements are slow Whik walking,
normal accompanying movements of the arms are pouced. There 1s no motoric
restlessness The sensory functions are intace in every way. There 1s fo ataxia shile
standing of walking The gnp-movements are well co-ondinated These are no tremors
Fombergs test 15 negatve Norma! finger t0 nose test as well as thar of kaee and hecl
Spontancous nvstagmus s absear. The optokinetic nystagmus s normal The pupils
are of medwm width, equal 1 size and reacr well 1o Iight and convergence The
oculopalpcbral seflex 1 not sncreased
Thi corneal-, masseter and pharyax teflexes ace normal The abdominal and cremaster
reiexes are hvely The arm seblexes are gormal and the penost reflexes of the legs
fively 1t 1s possible 10 elici some 2akle clont on both sides On evoking the foot-sole
Teflex the inchnation 1 exiend the big 100 15 scen on both sides The muscle tong, 1s
normal The cog-wheel phenamenon 15 absent. The smell and taste sensations arc not
::mrbltd'r:ht v[uus 15 bad, owing to hypermettopy on both sides The audogram s
b“rm; e‘:z onic vestbular examination shows an equal reaction on both sades,
it the sinbility seems to be somewhat lower than usual
On of the
recarding of development,
The mpr sl
r::;e !:‘ rs' ;:‘:k!“wu:wa ie[:tdl d;vdozmml appears to be partially duturbed The
Words and never makes a complte sen:
p::uhl: lafgel] fum 1o fepeat short sentences The naming el: "“(l“x::;e.pll;;:“n;;
objects 18 far! P
Fo)r pillatid :f;;’:’::::; :‘:?(,um m}x'mmmmly finding the corrcet pame
3 ea-pat. Ho
on how to use these obyects Vorsbaton and far) lh 5 dmfk“"“' 0 give a defini.
fost exen (@ the soren sppbed 0 this age. The acpivemens L) 3 Mote of
hustory data, have gradually smproved Tt g ot :{ uevements, according 1o past
dispostion 15 freadly He 15 not anxior =5 motanctry x

funcuions, the ss ganed that there 15 2



Fig. 26
Frsbhook-shaped
vertebral bodies
Tongne-like projectsons
Mreerospondyls

of Lfand 5

Fag 27
Case XV, boy O,
age 6 yrs 3 mths

Thorax Barrel-shaped thorax Hefty clacivles, especially the sternal pottion The ribs
are broad and run a honzontal course The ends of the lowest ribs are natrowcd,
like a paint brush

Vertebral column (Fig 26) The vertebral bodies are "fish-hook™ shaped in the
thoracolumbar transiton arca There 15 an arcuate kyphosis at the level of Th 10/11
Th 11 1s cleatly flatter than Th 10 and Th 12 Th 11 shows a tongue-like profection
to the fore, 1n the middle of the vertebral body The vertebral body of L 4 and L 3
1s small

Hunds The fiest and second phat arc haped Thete 1s a pseud b

at the distal end of metacarpal 1 The metacarpals are fairly plump

Pelvais The pelvis 1s broad and flar The acetabuli are well shaped The neck of the
femur 1s far too thick and erect Pronounced coxae valgae

CASE XV
BOY O Fig 27
CASE HISTORY.
Patient 1s the fifth of five children
A brother died as the result of pneumonta (7Y years) and a small brother died
2 days after burth (rcterus) The mother 1s very nervous
The burth of the patient took a long ume Pauent had often colds and suffercd

repeatedly from infectious diseases
The motons are mostly fairly hard A tonsillectomy was done



fevel of fus development € be called nosmal s 50 far 35 catellectual funcrions
are concerned The pavent has remaned defiutely slow 1% s thoughts, mmpnnt
reaction and acuon

CASE X¥1
GIRL P, Fig 29 and 30
CASE HISTORY.

Panent 15 the thurd of three chitdcen, The birth was aormal A fusy cousin died '17
hours ater birth, as 2 resule of fibroelastons of the myocardium of the keft sensicle

o cur daeraTIAN (Age 2 Vo315 1 month)

. . ¢ Leed The
. . . wound
3 heard  Lue Ul v s . wt s

sunken 1

The eyebrons are not grown together The fundus 15 normal on poth sides. The
careae are spotted by uny flakes oo bath sides in all layess, st the periphery 2 Title
mace than central The tongue 18 broad The normally shaped teeth are somewhat
(o0 far apart. The wasls are fatge and purvlent.

Fig 29
Case XVI, gorl P, age 3 315

The reck 15 short and broad. The thorax 1s broad He

T er breathing is stert ¢

‘icl);; ‘h;:;; :,;:) ;nn s:u)nds are notmal. The abdomen 15 \7!5341 Lw:‘:‘:’:s ss };:e“n

o o sq‘m:o:mln {cz\ herma The abdominal wall 1s thickened The bu(‘:od;

thow enthro sas ds lesions as the result of moniia tafecuon. The skin of .
, s and legs 1 dry and scaly There 1s 2lso some oedema of":h: 51:?:

The child ¢an stand of 1t 15 s € 15 3 pronos 0)
upported The [
s o ere 15 2 pronounced thoracolumbar scoliosis

The hands are short and broad as well as the fingers



The appetite and sleep are good Panent is clean The spontaneous activity 1 small
Patient only plays when he 1s forced to do so. He 1s passive, slow and apathetic, He
has a decisive visual incerest. The psychomotorism is poor The pauent gives cveny
assistance when physically examined.

Electro-encephatograpne examination:

The alpha rhyth was rather slow and to much intermingled with slower components
Intermuttent sertes were present of theta waves especrally 1n paneral areas, to the
right somewhat stronger than to the lefe, increasing during hypervenulation The
EEG ndicates moderate diffuse disturbances, with the maximum 1 deeper structures,
10 the night more than to the left

X-Ruay findings:

Skull The skull is noticeably high and broad The roof of the skull 1s fairy thin
Increased impresstones digitatae The sella is normal Pneumatsauon of the mastouds
1s also normal,

Thorax* Strong ribs and clavicles Barrel-shaped thorax

Pelvis The pelvis 15 high and narrow Coxae valgae The acetsbulae are normally
shaped Plump metaphyses of the femur

Vertebral column® Broad lumbar vertebtae L 2 and L 3 are fish-hook shaped
Hands. Broad and short fingers The first and second phalanges are conc-shaped
On the night there are 7 and on the left 6 hand-root nuclet visible Broad and
plump metacarpals

Feet (Fig 28) Very broad metatarsal bone I The epiphysts of the st phalanx digit
II and III shows a wedge-shaped distal hmitation

Fig 28  Broad metatanal 1
Wedge-shaped epspbysts of the 1st phalanx dige Il and 1l

SECOND EXAMINATION: (Age 7 years 2 months)

Since the correction of hus visus (spectacles, resp + 3 and +4), the efficiency of the
patient has reasonably mproved He now follows elementary school The speech
1s sull slow He sometmes stutters Patient can copy sentences and spontancously
makes well-formed sentences He now correctly names objects The cificiency 1n
arithmetics 1s comparable with that of the norm at hus age He draws badly The
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psychomonliey is poor On examination the behaviour 15 negatiwistic, but ot anxious
Electro-cacephalographic examination

With closed eyes there was an alpha rhytbm with normal frequency in series sub-
stututed by actvity of half the frequency

Duffusely there was too much theta-acuvity Duning sleep there was a0, a pronounced
bera-acuvity 30 senes, to the lefe smonger than the sighe, up 1o 80 micre V. The
described findings point to asymmetric disturbances of deep structures.

X-Ray findings

Skall (Fig 31). Thin skull wall Noticeably short, high and broad skull The lacge
fontanel 1s bpen. The sutures ate open The sella-entrance 15 widened

Vertebral column Thoracolumbar scoliosis Open arch of S 1; L 1 and L 2 have a
concave Luutaton at the feont.

Pelvis Covae valgae

Hands The shape of the hand 15 broad and shor. The skeleton shows no ab-
normalines

Thorax The thorax 1s broad The course of the mbs is horizontal

Fig 31

Large fontane! v 1det
Y ope:
Widened sella entranee b

SECOND EXAMINATION (Age 3 years)
The bace has now suspect gar, -

has become fatrer The teerhg?;:k s The hlgc fonn



Neuro-psychratric Examination: (Age 2 years 1 month)

The motor functions of the cranial nerves seem to be intact, The muscles are
normally developed. There 1s motoric restlessness.

The sensory functions cannot exactly be judged. Cerebellar function disturbances are
absent, The pupils are muddle wide and reace well to light, The oculopalpebral reflox 1s
increased and the reflexogenous area thereof is extended to the back of the head
The masseter reflex 1s Iively, Normal corneal refiex.

The pharynx reflex is weak. The periost reflexes of the arms are Lively, Normsl
abdominal skin reflexes The perost reflexes of the legs are normal. In eliciung the
foot-sole reflex, inchination to extend the large toe 15 seen on both sides

. Fig, 30
" Case XVI, gtrl P, age 3 3rs

b N

The rone of the muscle 15 normal The smell and taste cannot be determined The
pattent reacts well on light sttmuli She does not react to sound stmul: on the right,
but does so on the left

On calorc vestibular examunation, the long latency period and the short nystagmus
dusation give the impression that arritability ts dimshed (right stronger than feft)
The 1 ! fi show a d m devel The obtained lcvel 1s
about the same which 1s © be expected m a normal development at the age of 8
months Speech 1s not yet developed Only murmur sounds are produced Pauent
makes continual movements with the hands, but scarcely moves the legs Only now
and then she sits down, but she cannot maintain this for any length of time She can
drink by herself, but has ro be helped with food

Her affecuviey 1s distutbed It 15 not possible to make the pauient laugh She does
not seck socizl contact, nerther with the person who looks after her, nor with the
cheldren n her vianuty She 15 not uresome e ks 1

veakly d
Her mood 15 quer Her 15 weakly T
m:Le sounds by means of toys and laughs when che expected sound 15 heard The

R



Fig 32 Cae XVH, boy Q,
age 4 yrs 6 mibs

Fig 33 Case XVII, 4oy g,
age 4 315 6 mshs
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makes rhythmic rolling movements of the trunk. Further she gnashes her teeth a
great deal There are slight choretform movements

arms, but signs of scratching cannot be seen.

Patient can stand with aid and walk a few steps.

She mostly lays on her back with her legs clevated, like 2 baby. In gripmovements,
someumes a slight tremor of the hands 1s nouced. There 1s no nystagmus The
masseter reflex ts lively and the pharynx reflex 1s Jow, The oculopalpebral reflex
15 strongly postive

In percussing the perioral area, no spasm of the muscles of the face 1s noticed

The petiost reflexes of the arms are lively. The zeflex of Trommer 15 bilaterally
positive The abdominal reflexes are weakly positive. The periost reflexes of the legs
are normal. Cloni cannot be elicited, In evoking the foot-sole reflex on both sides,
extension of the large toe 1s observed

Patient shows still no interest 1n other children around her

She often puts her thumb i her mouth and then makes sucking movements She
sleeps conspiciously a grear deal

CASE XVIt
BOY Q Illus Fig 32 and 33 *
CASE HISTORY:

Patient 1s the youngest of two children The brother 1s healthy. At the butr — which
was spontaneous and on time — the patient was noted to have large ears. The wesght
at birth was 3500 gram,

Patient was operated for an anal fistula at the age of 6 months He had often colds
and outis medra, he also had a tonsillectomy done

The closure of the fontanels was delayed Patient was late 1n walking, he was clean
from 314 years

EXAMINATION: (Age 45 years).

The facial expression 1s typical of that of gargoylism The skull 1s noticeable long and
broad The hair on the head 1s bristly The fotehead 1s prominent The colour of the
cheeks 15 pale. The broad nasal root 1s sunken 1n The eyebrows are grown togethcr.
The ears are large The small teeth are t00 far aparc His voice 1s shull The lips are
thick Hair 1s visible on the upper Iyp The tongue 1s not enlarged, On eye-cxami-
nation no corneal cloudiness 1s found The neck 15 short and broad No cardiovascular
abnormalines On avscultation bronchttic sounds are heard There s 2 small umbilical
hernia The liver 1s enlarged The spleen 15 not felt The hands and fingers are broad
and thick The fingers are curved Morcover the litle finger 1s radually curved The
nails are short There 1s ncreased hair growth on the back and the extensor sides of
the extremities The skin of the right thigh shows a few “café au Jai” spots

Neuro-psychsasric examsnatzon (age 4Y5 yrs)

The motor functions of the cramial nerves are (ntact The speech 1s not disturbed
Normal developed musculature The muscle power 1s normal Fasaicular contractions
are absent, Motoric restlessness 1s noticeable

The movements are uawieldy and stuff

As the result of this, the patient has a cumbersome and heavy walk During walking,
normal accompanying movements of the arms are scen

No sensory disturbances can be detccted

* We thank Dr J M. J Tans that he gave us the opportuniy to examine this
patsent
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CASE VI
BOY R Fig 34 and 35,
CASE HISTORY:
Pauent is the eldest of two children The sister 1s healthy. The mather noticed lhl.t
during pregnancy she felt hitrle movement of the child On the photo of the pefvis
~— wbich was taken shortly prior o the birth of the patient ~— the position of the
¢hild was mormal. ‘The head, howeser, was enlarged. The binth was terminaced by
means of forceps extraction The weight at burth was 4420 grams At birth a large
welling, due to the conhnement, was notced at the back of the head, as well a8
bruses on the forehead, as the result of the forceps exeraction The breathing com-
menced rmmediately.
QOn medical nspection smmcdutely afiee birdr, besides the enlarged head, there was
also sces an under-development of the external geaitals
On the X-Ray photos ~~ made & few days after bitth ~ 8 shoe-shaped selfa was
wisible
Dunng the first few months of ife, the desclopment did not worry the parents.
Gradually, however, it became obvions thar these was a retardedness of the mororic
devel and thar the cis of the shnll had increased in an alarming

manaer

Fig. 34 Care XVIU, boy R, age 8 miby

TIRST EXAMINATION- {Age 8 months)
There 15 a cracked por
mnent. The large
The exs e, oupe fon e hair on the head 15 igh,

o e s Jight and sofy
bridge There 15 hypertelarism o»yi.:,va.’ e prown together above 3 sunken nose.
The hist tooth 15 visible An of ‘
strabssmug convergens With ¢ o

¢ sound The head 15 o

The neck 15 short
Ry ort and broad Heart and lungs are found o be norrua_l.mmh o e

e 13 50 umbilical heraua, The I
ver 13 enlarged The spleen 55
not palpable There



There is no ataxy when walking or standing The grip movements ate well coord
nated. Spontaneous nystagmus 1s absent while optokinetic nystagmus can be evoked
i both directions. The pupils are middle wide, cqual in s1ze and react well to light
and convergence The oculopalpebral reflex is Lively, but pathologically not clearly
increased The cotnea-, masseter and pharynx reflex are normally cltested. The amm
reflexes ar lively, The abdominal and cremaster reflexes ate positve The reflexes
of the legs ase normal The muscle tone 1s not increased The cog-wheel phenomenon
1s absent Patient reacts well to Jight and sound stimuli.

The intelleciual functions are retarded. The general level 15 that of debility The
imprint 1s slow and perseveration 15 noted The vocabulary and the language he uses
shows only a small retardness as compared with the norm for the age, The patient
has diffrculty 1n concentration and shows lack of perseverance.

The mood 1s friendly and anxwious There 15 lutle liveliness when contacung the
patient For this age there exists a oo strong desire 1o be 1n conract with his mother,
In the mstinctive* behaviour the patient shows definite shoreccomings.

He is fond of music Further, he likes to colour pictures and does simple puzzls
Now and then he suchs his fingets without 1t bewng conspscious 1n hes behaviour
He does not allow anything to be taken away from him and becomes aggressive if
he does not get his own way He has tantrums He soon tires on excruion, His
appetite and sleep are undistutbed The psychomonlity 1s hardly differentiated
Spmnal flurd. The liquor 1s normal 1 pressuee and compastion

The flocculoreaction of proteins (mastix, gold and benzoic acid) shows a normal cutve

Electro-encephalographic examnation.

With closed eyes there was an alpha-thythm of 7-9 per sec., mixed with theta and
delta components, persistant with eye opening Photic-stimulation induced some octr-
pital following (alpha frequencies) The EEG was clasuified as to be abnormal,
poinung to slight disturbances 1n deep structutes

Jotuts:

There 1s 2 hunching of the shoulders

The lordosts of the lumbar vertebral column is increased The pronation and sup:-
nation of the lower arms show a clear restriction All movements of the extremitics
are lmned Genua valga

X-Ray findings.

Skull The roof of the skull has a normal thickness The froncal bone 1s promnent
The lambdoid and panero-temporal sutures are open Rather strong vascular wmpres
sions The sella 1s enlacged and shoe-shaped The entrance of the sella 1s widened
The mastoids contamn lutle air

Thorax Hefty clavicles (specially at the sternal end) Broad nibs, running pracucally
in a horizontal direction The 4 lowest ribs are oar-shaped The outhine of the heart
1s normal The thorax 1s barrel-shaped

Vertebral column The lowest and upper limitstion of the vertebrac i the thoracal
area are convex The intervertebral discs are narrow. The frontal hmitauon of the
vertebral body of Th 2 o inclusive Th 8 15 concave The frontal hmuation of Th 9
to wnclustve L 3 15 charactertsed by the protrusion of the centre part of the verte.
bral body

Pelvis No anomalies are noticed

Hands The fiest and second phalanges are cone-shaped Coarse trabeculations of rhlc
duaphysis of the meracarpals and phalanges The proximal ends of the metacaepals
are 1rregular 10 shape Tour ossified carpal centres are visible

Feet These shows similar findings but kss extensive

s



CAsE XvIIL
BOY R. Fig 34 and 35
CASE HISTORY:
Patient 15 the eldest of t50 children. The sister 15 healthy. The mother noticed that
duning pregnancy she felt hrele movement of the child On the photo of the pelvis
— which was taken shortly prior to the birth of the patient ~— the postion of the
duld wis nommal The hesd, however, was enlazged The birth was rerminated by
means of forceps extraction The werghe at birth was 4420 grams At barth a large
suelbng, due © the confinement, was nottced at the back of the head, as well as
brusses on the forehead, as the resule of the forceps extraction. The breathing com-
menced tmmedsately
On medical mspecuon immeduately after birth, besides the enlarged head, there was
250 seen an under-development of the external genitals
On the X-Ray rhotos — made 3 few days after bith — a shoe-shaped sclla was
wvisible
Dunog the fist few months of lfe, the development did not worry the parents
Gradually, however, 1t became obwious that there was a retardedness of the mororic
d and that the of the skull had increased 10 an alarming

Mannet

Fig 34 Cate NVIIL boy R, age & mihs

FIRST EXAMINATION (Age 8 months)

There
5,2 cracked por sound The head 15 monceably long The fore-

minest The Ja,
o e n;[gee:m;:gel_‘:ewldtbakn The hats on the head I3 hgrl‘:ladan’j [s‘orfot-
I e €3¢ brows are grown together above a sunken nose-

lotism. On ins
The first tooth 15 vistble An opuc :":“}:“’“ e o
f;;zbl!m:: comvergens Wih s.‘u-hmpi:
¢ neck is short and broad H
eart
There 13 00 umbilical hernia The h::ll:“

uth no anomalies
are observed
":‘ found on both sides Theee 15 periodic
fauon flo corneal cloudiness 1 seen
A8 ate found 1o be normal,

enlacged The spleen 15 not patpable There
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is hypogenitaism The pents is conspiciously small. A small hard tests 1s fele on
both sides in the scrotum The hands and fect are shott and broad. The nails are
normally shaped The hair-growth is normal The feet are slightly red
Neuro-psychiatric examnation: (Age 8 months).

The motor funcuions of the cramal nerves are intact, apart from the already men-
toned periodic strabismus convergens, which must be attributed to the diminished
visus The child murmurs

g 35  Case XVHI, boy R,
age 8 mths

The muscles are normally developed, and the power of same 1s not disturbed The
spontaneous motoric actvity 15 noticeably small Only movements of the arms are
noticed, but there are practically no movemencs of the legs The head can turn but
cannot be raised The child cannot turn himself, and 1s not able to sit The sensory
functions scem to be intact The grip movements betray no ataxta There arc no tremors
Spontaneous nystagmus 1s absent, while optokinetic nystagmus can be evoked 1n both
directions

The puptls are middle-wide, cqual 1n stze and reace well to light The menace-retlex
1s not increased The oculopalpebral reflex 1s clearly increased, and the reflexogenous
area thereof 15 extended The corneal, massceer- and pharynxreflexes are normal The
reflexes of the extremities arc normal Bilaterally the Babrnsk: reflex can be evoked,
which 1s normal for the age The abdomnal and cremaster reflexes are positive
Clom cannot be elicsted The muscle tone 1s normal The cog-wheel phenomenon 1s
absent

Smell and taste cannot exactly be determined The vision 1s disturbed as the resuit
of a double-sided optic atrophy Thete 1s good reaction to sound samubt

In caloric vesubular sumulauon a long latency pertad s observed on both sides
The nystagmus duracion 1s shorter on the left than on the right side

The development of the intellectual functions 15 retarded The retardanon s also
clear 1n respect of the motor functions and rnstnctive behaviour Ths is more noticeable
when the mood 1s rather hively There 1s litle spontancous meercst The affectivity
shows no noticeable disturbances

Q0



The appetute and sleep are not dututbed The child has no difficule characeer. The
cqouonal expression shows an adequate differentiation.

Electro-encephalographic examination ‘ o .
y i ] frequency with high amph-

There was an alpha equivalent shyrhm with a normal

wdes Diffusely thera-acuvity was noted Also the sieep record was marked by !u;h

amphiades On photicsumulation lirtle following was seen The EEG. was (hmfltd

25 to be duffusely disturbed, to a shight extent, as the resule of disturbances mainly

of deep strucrures

Jotnsr There are no contracrures

A-Ray jondings:

Skull Thia skull wall The frontal bone 1 prominent The large fontancl 1s wide open

The skull sutures ase open, except the coronary sutures The sella 15 shoe-shaped

The mastouds contan hile aie The angle of the jaw 15 notcesbly blunt

Thorax Hefty curved clavicles Hefry mibs have a honzontal course. Barrel-shaped
thorax

Vertebral column  Flattened lumbas Jordosss

Pelvis Coxae valgae Broad ihac bones

Hands Brachyphalangia of the metacarpal [ There 15 one ossified carpal centre visible
SECOND EXAMINATION- (Age 1 yo)

The large fontanel 15 sutl wide open

The face has become broader and the cheeks fatter. The calour of the checks 13 bright
red The ceeth present, (four above snd two below) #re angular and far apast. The
liver 15 somewhar more enlarged than at the previous examination

On neurologica) examunation, apart from the double-sided opuic atrophy and 2 too

hvely oculopalpebral reflex, it 15 now noticed that the child moses his amms and legs
less than before

Clont cannot be evoked
The pupils react co light Siteing is still not rossible He purs articles, presented to

him, 1010 bis mouth The appente is excessive There 15 2 preference for certain foods
The mood 1 apatheuc and the demeanour passive



Chapter V

POST MORTEM AND BIOPSY REPORTS

A POST MORTEM REPORTS
The reports are the resule of a close co-operation with several pathologssts
The following review precedes the description of the available daca

Repore Pathologist Gt Sex A Post Mortem
No e xe st Morte
1 WryersH J G and Slooff J L XIIT F tyr 19 hrs after dcath
2 Botma2nTh and TansJ M J VI M 2yrs9mths 30 ,, .,
3 Schullings P. H M X F GyrsGmths GO ,, . »
4 Botman Th v M JyrsSmeths 31, , w
b Kramer W X1 F 12yrs 6, w »

* The Roman figures refer to the clinical case reports 1o Chapter IV

1 POST MORTEM OF A FLMALL ( HILD AG! 1 YLAR

Height 67 cm Well nourished High forehead, large cramal vault The lobes are
completely adherent The eyeb are ct above the b ken.i
nasal bridge. The tongue 1s normal n size The neck 1s very short Under the jaw,
1n both axillze and both groins small lymph glands are felt

No icterus, cyanosts or abnormal pigmentation

External genutals normal

On opening up, the liver seems considerably enlarged and lies in the medioclavicular
line about 3 fingers below the arch of the nibs Spleen and stomach are not visible.
Thete 1s no latge omentum present No frec flurd 1n the abdomen In the nght pleural
cavity 54 cc clear yellow fluid 15 present, while in the lefe pleural cavity only 5 <
The lungs collapse moderately The thymus appears smaller than one would expect.
The thyrord 15 normal in size and shape The heart 15 shghtly enlarged The apex 18
formed by the lefc ventricle The | 1s smooth } “The cavitses of
the heart ate not widened The foramen ovale 1s closcd The muteal, tricuspid and
pulmonary valves are completely normal The papillary muscles and trabeculr are
normal The endocardium 15 sound, except for about J4 cm below the soruc valves
where the endocard 1s clearly thickened and grey of colour with canary-yellow spots
The aortic valves are also grey and clearly thickened, and somewhat rigid so that they
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Chapter V'

POST MORTEM AND BIOPSY REPORTS

A. POST MORTEM REPORTS
The reports are the result of a close co-of with several
The following teview precedes the description of the available data

Report Pathologse E:I:em'[ Sex A Powe Mortem
No : report we o
1 WyersH J.G and Sleoff ] L X1 F Lyr 19 hrs after death
2 BotmanTh and TansJ M J. VI M 2ytsYmths 30 ,, . »
3 Schillings P H M X r GyrsGmths 60 ,, » »
4 Botman Th vir M ZyrsSmths 31 ,, . w
S Kramer W X1 r  12yrs 6w » o »

* The Roman figures refer to the clinwcal case reports 1n Chapter IV

1 POST MORTFEM OF A FLMAIL CHILD AGL | YIAR

Height 67 em Well nourished High forchead, large cranial vaule The Jobes are
completely adhetent. The eycbrows are s above the somewhat sunken-in
nasal bridge The tongue s normal in size The nech 1s very shorr Under the jaw,
1n both axillae and bath growns small lymph glands are fele
No icterus, cyanosis or abnormal prgmentation
External genitals normal
On opeming up, the liver scems considerably enlarged and lies 1n the medioclavicular
Jine about 3 fingers below the arch of the ribs Spleen and stomach are not visible,
There 15 no large omentum present No free fluid 1n the 2bdomen In the right pleural
cavity 54 cc clear yellow fluid 15 present, while i the left pleural cavity only 5 cc
The lungs collapse moderately The thymus appears smaller than one would expect
The thyroid 1s normal in size and shape The heare 1s slightly enlarged The apex 13
formed by the left ventricle The eprcardium s smooth throughout The cavisies of
the heart are not widened The foramen ovale is closed The mural, trecusprd and
\l v valves are letely normal The paprllary muscles and trabecubr are
mal The endocardium 1s sound, excepr for abour 14 em below the aortic valves

¢ly thickened and grey of colour with canary-jeilow spots
1 so that they

not
where the endacatd 1s clea
The gortic valves are also grey and clearly thickened, and somewhat nigd
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do not collapse. The beginning of the aorta is thickened and ressstant on cutng
The imside shows the same spotty canary-yellow markings, The descending aorta,
also the abdominal part, scems thickened but shows no yellow spots The lungs
show a smooth pleura, There arc marked differences in consistency and colour, on
cutting, both luags show scveral pink and yellow-pink, somewhar granular, foc:
Along the main bronchs and at the bifurcation there are vatious swollen lymph glinds
In the mesentery many fairly large lymph glands are seen, on cutting some are found
to be pink, others canary-jellow The hver is enlarged (weight 450 grams) The
surface 15 smooth, spotty, varying from brown-red to yellow

The spleen 1s somewhat larger than normal (weight 35 grams), and shows normal
follicular and trabecular markings The vertebral column has a straight course; the
physiological curves are totally absent, On opemuing the skull, adherence of the Jura
to the skull 1s scen, neither skull nor brains show macroscopical anomalics

In completing the postmortem no anomalies or special features are scen in the other
organs

Microscopical examination.

The heart (Fig 36 and 37) shows shight intersunal cedema wherein exudate cells
and mast-cells are also found In the outer margins of the advenuna of the myo-
cardial vessels, here and there fairly large cells are scen with vacvolar protoplasm
Lverywhere the endocardium s fairly thick, and contains some empty vacuoles
In this thickened endocardium some large cells ate also found, similar to those 1 the
adventitia of the vessels In the large epicardial vessels a rather noticeably broadening
of the intima 1s found, with an increase of connective tissue, oedema and some large
cells with vacuolar protoplasm

With Sudan Il and PA S stainng there 1s nenther tn the vacuoles of the connecive
ussuc nor of the large cells Sudan positive of PAS positive maternal present The
scctions through the aorta show a definte thickened inuma (Fig 38 and 39), whercby
interstices and cavities between the fibrous structures are scen which erther show a
foamy structure or appear to be empty

With various Sudan-technics no Sudan-positive material 1s seen There 1s no double
refracion visble and also with osmic-acd no blackstaining can be obtained
Sporadscally 2 small amount of glycogen (PAS) 1s present The structure of the
liver 1s seen to be normal The central veins are somewhat widened and the portal
spaccs probably have more connective nssue than normal The lver cells (Tg 10
and 41) show fairly strong vacuohsation, sometmes foamy and somenmes coarse The
Kupffer star-cells are also swollen 2nd slightly vacuolar In the hver cells and also
1n the Kupffer star-cells a slight amount of glycogen 1s found (P A S -stuning with
and without ptyaltne)

With Sudan Il and Sudan-black very lLitle far 1s found tn che hver cells, and nesther
the P A S -staining nor the fatstainings grve sufficient explananion about the contents
of the vacuoles 1n the liver and Kupffer cells

With polarised light no double refraction 1n the frozen sections can be demonstrate d
The kidneys ate very decomposed Probably there are no important anomahies except-
ing swelling and vacuolisation of the tubulus cpithehia, probably cspecially of the
tubuli contort 1T

The spleen shows nothing abnormal The lymph.glands (Fig 42) show lymphard-
ussue with relatively few cells, and a shght mncrease of the reticular-cells, of which
a few show a somewhat vacuolised protoplasm

The lungs show muluple bronchoph foct wath de of m;n}; alvvm:::
epithelia The sections through the cornea (g 43) show no anomallfcsln n:m;m
membrane There 15 no incecase of cells or nucler The lamellae of the sudsta o
pressed aside greatly through ocdema, nesther in the PA S -stanng n

propria are
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with Sudan, are substances found in the vacuoles capable of taking these stains

Spinal cord*

The upper part of the spinal cord is examined in two levels They show approv-
mately the same picture, although the anomalies in the lower situated sections are
clearer than the higher ones. The anterior horn cells (Fig 44) are clearly swollen and
show accumulation of a granular somewhat brown material 1n the protoplasm,
whereby the nucleus and the tigroid-substance 1s pressed to one side.

The tigroid-substance ts crumbled.

Other cells show a more equal glassy structure of a portion of the protoplasm and
show pictures which somewhat resemble the so-called "Primare Reizung” (Primary
ientation), The large cells of Clarke’s column show the anomalies in a lesser degree
(F1g. 45). Moreover here the pictures of a primary irritation are normal The Azan-
staining colours the granular substances 10 the ganglion-cells somewhat pink In the
anterior horn cells stamed with Sudan III only shght orange colouring 1s found
With PAS staining, nowhere pink or red colouring 1s seen,

In the anterior horn cells, when statned with osmic-zcid, only a few small black
granules or globules are seen (Fig 46) The cells of Clarke’s column and those of
the posterior horn are stained intensely black (Fig 47)

Brams

Sections are made of the brain from the frontal lobe, the motoric zone, the ocapial
lobe and the basal ganglia In all sections a clear broadened Virchow-Robin space
1s scen (Fig 48 and 49)

The ganglon cells of the motonic area ate swollen and rounded mn places There
1s a slight pyknosis of the nucleus and the nucleolus ss hardly wvisible (Fig 50 and
51) In other sections stmilar anomalies are seen mn some nerve cells, but m a lesser
degree In PAS staming many ganglion cells appear to take on a somewhat pink
colour, especially 1n the occipital area, bur defintely not more intense than the normal
ganglion cells do In Sudan-staining of the paraffin sections slight orange colouring
of the netve cells 15 found in the occipreal area

Summary

As cause of death the bronct are considered Further, there
15 2 peculiar thickening of the aorta valve and the endocardium below The intima
of the aorta 15 also abnormally thickened Further there 1s a vacuolar abrormality in
the liver cells and 1 many retculoendothelial system cells About the contents of
these cclls, no opinson could be obtamed A number of spinal cord cells show
degenerauve anomalies In the bran cells also some anomalies are scem, which
however are less clear

i 1

2 POST MORTEM OF A MALT CHILD AGEI 2 YCARS 9 MONTHS

Heighe 82 cm

Well fed The large forehead projects 1o the front Large skull roof The large fontanel
1s not entirely closed The tecth are quite normal The neck s fairly shore The chest
1s flat and broad In both gromns some small lymph glands are felt On opening
up, the Liver appears to he 3 cm below the arch of the ribs The spleen reaches vp
(o the arch of the ribs There 15 no free fluid n the abdomen

The thymus weighs 10 grams The heart 1s normal The ntima of the gorra and
of the pulmonary artery Is sound The Liver (715 grams) and the spleen (45 grams)
are enlarged The weight of the bramn 1s 1300 grams The pimtary body 15 not
enlarged. The lateral ventricles of the bran are not obviously widened The fourth

~A
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vemricle and the aquaeduct are normal, On section of the lowest third pare of the
putamen a ¢ystic space 1s present measuring 7x12 mm. In the complete post mortem,
no anomaltes or special features are scen in the other organs

Microscopical examination:

The examination of the heart shows no abnormahdies The liver cells are large and
contan vacuolar protoplasm. The cvenly-shaped nucler are mostly smvated peri-
pherally. The Beststaining 15 weakly positive, Wath Sudan very litte or no fat is
visible

The kidneys show no important anomalies, apare from vacuolisation of the proto-
plasm of twbulus cpithelta, especially of the twbuli contors.

The Sudan staining 1s negative, There are no double refracung cryseals visible

In the langs bronchopneumonic foci are found

Spinal cord:

All ganghon cells are swollen, especially the antenior hora cells and the cells of Clarke.

(Yig 52 and 53}

The nucleus and tigrord substance are pressed to the periphery The nucleus is some-

tmes curved inwards

The protoplasm ss munutely granular The changes are most pronounced n the

anterior horn cells

Cochlear and vesubular ganglion (Fig 51)

The ganglion cells are swollen, The protoplasm s granular vacuolr The nuclei

are pattially pyknotc and mostly pressed towards the periphery

Brains

a  Houzontal scction through the right temporal lobe and interpal capsule
(Paraffin material),

In Kluver-statming the marrow shows, 1n some places, diffuse pallor, besides this

the Virchow-Robin spaces around che vessels are greatly thickened

In the cortex many ganglion cells contain in the protoplasm granulae matersal, which

takes on a shight colour with fat-staiming substances Thus 1s particularly noticeable

s the 3rd and 1n a lesser degree i che Sth and 6th cortical layer, but i no lyer

these pathological cells are absent It 1s stking thar o decper cortex layer both

completely normal cells are found and pathological ones

In the dentate gyrus the ganglion cells contan relanvely less pachological material,

on the other hand in the hippocampus gyrus Jarge quantities

The pathological matertal in the protoplasm of the ganglion cells when staned with

Kluver trns blue, with hacmatoxyhne-costne however, 1t 1s only very shghtly

coloured (pink) In P A Sseamning te is only shghely postuve, i the cresyl-violt 5o

stamning takes place, while in the Bodan-stuning durty black granules i ¢he proto-

plasm are scen There 1s no sign of gha-reaction 1 the cortex

b Saguetal secuon through che night temporal lobe
(Paraffin and frozen material)

In this section also 10 Woclcke and Kluver stamings a diffuse demyehinisation s
eacountered as well as many very widened Virchow-Robin spaces T he largest amount
of pathological matepial 1s found n the ganglion cells i the 3rd layer Pracucally
all cells mn this lyer are affected Tn the other layers thete are sull normal cclls
Whether there 1s a dimimishing of ganglion cells 1s not possible to judge through
the werease of volume of the cells With Kluver staring the marcriat turns blue,
neacly black with Woelcke-starning, and 1n the mle-blue sulphate :{lounnf it a
ditty-blue With heemaroxyline-cosmc stamning 1t 15 barely cotourad (pink), “, :
only weak P.AS posive (with and without ptyaline) and i does nor stan wit
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cresyl-violet. In scarlet-red and Sudan-black staming it 1s weak positive, in Bodian.

fon in the 1 of the 1 cells light-black granules are seen
In frozen sections, with Sudan-black, Sudan 1T or scarlet-red pathological material is
stained weakly positive, and definitely not stronger than in equivalent paraffin
sections In the cortex every trace of glia-reacrion is absent.

Pitustary body:

Mainly eosinophil and chromophobe cells are found
The basophil cells are definitely 1a the minority.

3 POST MORTEM OF A FEMALE CHILD AGID 6 YEARS § MONTHS

Height 101 em.

The corpse 15 alrcady very decomposed The child is moderately fed The head is
greatly def d and the forehead is very i Greart cloudi: of the corneae
does not allow further inspection of the eyes. In the pleural cavity bloody flutd 1s
present. The valves of the heart are all somewhar thickened but otherwise are well
moveable, The chordae tendincae are plump. The myocardium is discoloured in a
spotty yellow. The mnuma of the pulmonary artery and aorta are greatly haemorrhagi-
cally 1imbued Numerous yellow discoloured somewhat elevated spots are scen The
lungs show mac: pically nothing ab 1. The abd. 1 organs show autolyuc
changes

In cutting the meninges some turbid hiquor appears, The leptomeninges are scrongly
oedematous and look turbrd There 1s a striking enlargement of the cerebrum, of
which the gyn are broadened and the sula flateened On section the ventercles ate
strongly dilated The thickness of the wall of the hemispheres 1s very reduced,

The prewtary 1s normal i size The microscopical examinauon is made diffwaolt
through autolysis

The most important finding seems an atheromatosts, as well in small as in Jarge
creculation, 2 strong steatosts of the liver, while the anomalies of the lungs (aspi-
ration pneumonia) can possibly be considered a direct cause of death.

The orgin of the hydracephalus 1s attributed to a thuckening of the meninges

In the retna (Fig 55) foam-cells are found 1n the layer of ganglion cells

4 POST MORTEM QF A MALE CHILD AGE 7 YEARS 5 MONTHS

Height 119 em

Weil fed Latge skull coof The aeck 1s short and broad The chest s flac and broad
There ts no swelling of the lymph.glands

The intima of the aotta and pulmonary artery 1s sound The liver wetghs 1360 grams
and the thymus 30 grams On examnation of the heare 1t 1s found to be normal
The spleen (220 grams) is enlatged The vertebral colomn shows definite protrusion
of the mtervertebral dises In opening the skull the sutures are seen to be osstfied,
except the crown suture, which 1s syndesmoucally closed In the middle skull sulcus,
below the foramina rotunda et ovalia, elevanions are seen which are normally absent
The leptomeninges are turbid and thickened

The brain-wesght is 1455 grams On section the cerebrum shows an equally widened
ventricular system The pituttary body 1s enlarged (wesghe 0,825 gram) In the com-
plete post mortem no anomalies of any tmportance are seen in the other organs

Mecroscopical Examination.
The heate 1s quite normal The liver cells are enlarged and show vacuolisaton of
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cresyl-violet In scarlet-red and Sudan-black staining it is weak positive, in Bodian-
preparation in the protoplasm of the ganglion cells highe-black granules are seen
In frozen sections, with Sudan-black, Sudan I or scarlet-red pathological material is
stained weakly positive, and definitely not stronger than in equivalent paraffin
sections In the cortex every trace of glia-reaction is absent

Pituttary body:

Mainly eostnophil and chromophobe cells ate found
The basophi! cells are definutely 1n the minority

3, POST MORTELM OF A FEMALE CHILD AGID 6 YEARS 6 MONTHS

Heghe 101 em
The corpse is already very decomposed. The child 1s moderately fed. The head 1s

greatly def d and the forchead 1s very p i Great cloud of the corncac
does not allow fusther inspection of the eyes. In the pleural cavity bloody fluid is
present. The valves of the heare ate all somewhat thickened but otherwise are well
moveable The chordae tendinese are plump The myocardium s discoloured n 2
spotty yellow The inttma of the pulmonary artery and aorta are greatly haemorrhagi-
cally imbued. Ni yellow discolonred s hat elevated spots are seen The
lungs show macroscopically nothing abnormal The abdominal organs show autolytic
changes

In cutting the meninges some trbid Iiquor appears. The leptomeninges are strongly
oedematous 2nd look turbid. There 15 a striking enlargement of the cercbrum, of
which the gyn are broadened and the sulci flanened On section the ventricles are
strongly dilated The thickness of the wall of the hemispheres 1s very reduced,

The pitwitary 1s normal in size The microscopical examunation is made diffuult
through autolysis.

The most important finding seems an atheromatosis, as well i small as in large
circulation, a strong steatosis of the liver, while the anomalies of the lungs (aspi-
ration pneumonta) can possibly be considered a direct cause of death

The origin of the hydrocephalus is attributed to a thickening of the meninges

In the retina (Fig 55) foam-cells are found 1n the layer of ganglion cells

4 POST MORTEM OF A MALE CHILD AGI 7 YCARS 5§ MONTHS

Heighe 119 em

Well fed Large skull roof The neck 1s short and broad The chest 1s flat and broad
There ts no swelling of the lymph-glands

The tntima of the aorta and pulmonary artery 1s sound The hver weighs 1360 grams
and the thymus 30 grams On examination of the heare 1t 1s found to be normal.
The spleen (220 grams) 1s enlarged The verrebral colomn shows definue protrusion
of the iatervertebral discs In opening the skull the sutures are seen 1o be ossified,
except the crown suture, which 15 syndesmotically closed In the middle skull sulcus,
below the foramina rotunda et ovalia, elevations are scen which are normally absent.
The leptomeninges are turbid and thickened

The bram-wetght 1s 1455 grams On section the cerebrum shows an equally widened
ventricular system. The pituitary body 1s enlarged (weight 0,825 gram) In the com-
plete post mortem no anomalies of any smportance arc seen 10 the other organs

Microscopical Examination:
The heats 1s quice notmal The liver cells are enlarged and show vacuolisauon of

08



Fig 56 Fig 57

Retms Suollen ganglion cell wnh duplace  Resna Suwollen ganglion cell.
ment of the nucleus and vacuolar protoplaim

Pyknotic nuclens

”
3

€
o
1,

Y
MM
4,

Fig 58

Petrous bone Enchondral bone
unb globuls imterosses

!

DTSN W

L.
aala

'

Spenad corg

tn et Ji:;:n;;;i:;,,: :::{:) ::onen 7.:”:. fpm.:l cord Anterior horn cells Suollen gang-
brtoplinm and dusply o ol ibehon cells wub displacement of the nuclens
Suclle dendrom © e o 1he mlews



the protoplasm. The nuclei are regularly shaped and lie mostly petipherally, The
Kupffer star-cells are also swollen and have a vacuolar protoplasm The Best, Sudan
and scarlet-red staining give no clear posiuve result, neither in the lead acetate,
acthanol or formaline fixed preparation, nor in the non-fixed preparation, which was
kepe in decp-freeze The stzining with tolurdine-blue is clearly positive

On applying this staining method after the action of hyason or after diastasis, no
colouring of the preparation was observed

In the lymphatic structute of the spleen, some cells with vacuolar contents are seen
The lungs show bronchopneumonic foci. In the retina — specially in the area of
entey of the optic nerve — wide-spread, large, swollen ganglion cells are found with
vacuolisation of the protoplasm and eccentric, sometimes pyknotic nuclei (Fig 56
and 57) In the other structures of the eye, namely 1n Bowman's membrane, na
anomalies are found.

Petrous portion of the temple bone

The enchondral ossification presents an aspect as shown in Tig 58

Spinal cord (Fig 59 and 60)

Disunct swelling of the anterior horn cells The protoplasm 1s granular vacuolar,
The nucleus and the tigrowd are pressed to the periphety The nucleus 1s sometimes
curved inwards The Clarke-cells show these changes 1n 2 minor degree

Cochlear and vesubular ganglion.

The ganglion cells are swollen The nucler are parually pyknotic and pressed to the
penphery  The protoplasm s granular-vacuolar. The anomalies in the larger cells
of the vestibular ganglion are far less obvious than in the smaller ones (Fiz 61,
62 and 63)

Cercbrum

Sections were made of the bramn, namely of the motor area of the cortex In the
sections most of the ganglion cells appear to be swollen. The protoplasm 15 granular-
vacuolar, and the nucler lic mostly peripherally. With the PA'S staining the ganghon
cells appear o be PASposiuve With the Sudan-staining the ganglion cclls are
statned light-orange The Virchow-Robin spaces are widened

Pituitary Body

The antertor lobe 15 obviously enlarged There 1s collowd-accumulation 1o the acini
Only a few basophil cells are scen Some eostnophi! cells are mula-nuclear.

5 POST MORTEM OF A FEMALF CHILD AGID 12 YTARS

Height 102 em
The general conditron of the body shows under-nounshment In che lunzs emphy-
sema of the lower lobes 1s found It is difficult to dissect all the organs as they arc
00 tough The heart muscle 1s coloured yellow and tough of consistency There 15
much coagulated blood m the heart, part of which 1s removed for [aboratory cxa-
mination The Lver 1s greatly enlarged and has an uneven surface (weight 750 grams)
The pancreas 1s large and has a yellow colour
Skull section The largest circumference 1s 64 cm. The roof of the skull 1s paper
¢hin and the dura markedly thickened The sinuses are passable The brain convolluv
wons are broad and the grooves flattened There 1s turbidity and thickeming 0: ":“
arachnowds In removing the brans = 1550 ¢c liquor s collected The weight of the
rams,
g:“‘csu:ml:s;?,;g]y dilated ventricles are found The wall of the hcm-srh(;::m:"
reduced to 2 membrane of only 134 am chickness Numerous small cysts are
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the protoplasm The nucler are regularly shaped and lie mostly peripherally, The
Kupffer star-cells ate also swollen and have a vacuolar protoplasm The Best, Sudan
and scarler-red seaining give no clear posinve result, neither i the lead accate,
acthanal or formaline fixed preparation, nor 1n the non-fixed prepatation, which was
kept in deep-freeze, The staining with toludine-blue is cleatly postve

On applying this staining method after the action of hyason or after duastasis, no
colouring of the preparation was observed

In the Iymphauc structure of the spleen, some cells with vacuolar contents are scen
The lungs show bronchopneumonic foci In the retina — specially 1n the arca of
entry of the optic nerve — wide-spread, large, swollen ganglion cells are found with
vacuol of the p pl and eccentric, someumes pyknotic nuclei (Fig 56
and 57) In the other structures of the eye, namely in Bowman's membrane, no
anomalies are found

Petrous portton of the temple bone*

The enchondral ossification presents an aspect as shown i Fig 58

Spnal cord' (Fig 59 and 60)

Disunct swelling of the anterior horn cclls The protoplasm s granular vacuolar
The nucleus and the tgroid are pressed to the periphery The nucleus 1s sometumes
cutved 1nwards The Clarke-cells show these changes 1n a minor degree

Cochlear and vesubular ganglion

The ganglion cells are swollen The nucler are paruaily pyknotic and pressed to the
persphery  The protoplasm s granular-vacuolar The anomalies 1 the larger cells
of the vestibular ganglion are far less obvious than in the smaller oncs (Fig 61,
62 and 63)

Cerebrum

Sections were made of the brain, namely of the motor area of the cortex In the
sections most of the ganghon cells appear to be swollen The protoplasm 1s granular-
vacuolar, and the nucler lie mostly peripherally With the PA S starning the ganglion
cells appear to be PASposiive Wuh the Sudan-scrung the ganghion cells are
stained light-orange The Virchow-Robin spaces are widened

Pitustary Body

The antertor lobe 1s obviously enlarged There 15 colloid-accumulation 1n the acnt
Only a few basophil cells are seen Somc cosinophil cells are mulu-puclear

§ POST MORTIM OF A FIMALE CHIID AGED 12 YTARS

Hetghe 102 am
The general condition of the body shows under-nounishment In the lungs emphy-
sema of the lower lobes 1s found It 1s difficult to dissect all the organs as they ate
too tough The heart muscle 15 colourcd yellow and tough of consistency There 15
much coagulated blood in the heart, part of which 1s removed for laboratory cxa-
munation The ltver is greatly enlarged and has an uneven sutface (weight 750 grams}
The pancreas 15 large and has a yellow colour
Skull scction The largest aircumference 1s 64 cm The soof of the skull s paper
thin and the dura markedly thickened The sinuses arc passable The bramn convolu-
tions are broad and the grooves flartencd There 15 turbidity and thickening of the
arachnowds In removing the brams % 1550 cc hquor 15 collected The waight of the
1250 grams
bor:m:u::mg smﬁxg]y dilated ventricles are found The wall of the hemuspheres xds
reduced to a membrane of only 1} em thickness Numerous small cysts are foun
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i i uve, In the sections
With P.ASsamnmg (Fig 65) this same m:«enal.rnm posttave, 1
lre;ted with ptyalne this substance is hardly less stained than without With Sudzn-
black the granules 1n the cells sfact posmwve 1n consequence of the fact that the
substance found tn the large cells of the polyp, reacts positive 0 Sudan, Sudan black
and PA Sscanas, w13 concluded that these cells possibly contain a substance, probably
a glycolipid (ganghioside?)
lngd)m palyp alsa some Russel-bodues ate seen, which 15 not surpnising considering the
number of plasma.ells
Summary
Ocde inflamed ! it b polyp, with large macrophages, which
contamn 2 ganghoside-hike substance

T LIVER (CASF )

In the sections the hver-cells appear to be slightly swollen and contain a greac deal
of glycogen (PAS stamung) The glycogen s evenly distributed over the liver-
trabecult Apart from the glycogen the liver-cells contan another substance, because
they are somewhar vacuclar, but in the vacuoles no substances are found which take
on the PAS, Sudan 111 or Sudan-black stans Conspicuous are some large cells with
small datk nocler and with sharply circumscribed protoplasm, which shows a somew hat
sureakly light vacualae character These cells Lie especially in and around the Kiernan's
triangles They are considered to be cells which have accumulated some kind of
substance Nether the cells, nor therr Tocahisation are typical enough to define them
1 mote detzil Wich Azan-stamings, the protoplasm 1n the cells stains 2 bright blue
The reticulin-statnungs do not gre a further duscernment,

3 LYMPH.GLAND
In the sections through the lymph-gland, a proliferation of reticulo-endothelra 15
found, of subcapsular and medullary sinus

Also 1n the medultary sins a number of large cells are seen of the same ype as those
of the large cells around the Kiernan's triangles



in the white as well as 1n the grey marter. The floor of the third ventricle is very
chin and 0 a cereain extent ventrally distended The aquaeduct is very wide and
as far as can be investigated, the foramen of Magendi is wide open It scems pos-
sible that 10 the posterior skull groove a eyst was present at the distal side of the
cercbellum, which has pressed the vermis and tonsils doesally and the medulls
oblongata venerally,

Mrcroscopical examenation!

The pia mater is somewhat thickened due to the increase of connective tissue fibnls
and cells. The cortex of the hemispheres has become vety narrow, and lamination
15 lost. The number of blood-vessels has greatly increased and the space of Virchow-
Robin around the blood-vessels greatly enlarged

There is a definite margnal sclerosis. In the ganglion cells (Fig 64), as well as in
the glia-cells an amorphous substance 15 present, whereby these cells have been blown
up to a balloon-shape while the nucleus has been pressed to the edge. Somctimes
round masses of an amorphous substance are noticed, n which cell structures ro
longer can be recogmised Not only the neurones but also the gliz-cells contan this
amorphous mass, There are numerous hazy ganglion cells The number of gha-cells
1s greatly increased The myelin substance has been completely lost and replaced by
2 gha-network with numerous fibrillous astrocytes Some U-fibres are maintained
On the border of the white and grey matter numerous microcysts are present, which,
as far as can be gathered, have developed from peri-vascular spaces There ts an
tatense prolife of the periadwve cells of the blood vessels In the wall
of the blood vessels a homogeneous substance 1s scen

In places signs of an ependymuus granularts are observed Not only 1n the grey matter
of the brain, but also n the cerebellum, cells are nouced loaded with amorphous
substances, surrounded by degenerated ussue products Everywhere the white matter
15 atrophic,

In the pons 1t 15 noticed that the tegmentum 1s narrow, while the base has normal
proportions.

Summary

Grear destruction of the grey and white matter of the CNS caused by the depo-
sition of amorphous substances 1n the cells

As a resule of this the white as well as the grey matter 15 o the greater pare lost,
while a compensatory hyperplasia of the glia-cells has developed No certam expla-
nation 1s found for the enormous hydrocephalys, but probably ths is the result of a
cyst situated 1n the asterna magna

Not only n the central nervous system accumulation products are found, but also
these are found 1n spinal gangha, pancreas, liver, spleen, lungs, heart, kidneys, ovaries,
aorta, thymus and carulage

The accumulation products, 1n as well as ourside the central nervous system, ase
staned 1o a large measure with PAS stmmng and with Sudan statning

B BIOPSY REPORTS
1 NASAL POLYP (CASE 1Y)

The polyp consists of oedematous conntcnve ussue with a farly thick snfstranion

of plasma-cells, lymphocytes and granulocytes It 1s covered with normal cilrared
i fied col pithel In the stroma, apart from the cells mennoned,

:ome cells are seen with vacuolar, barely staned protoplasm and small nucleus

in the pasaffin-sections of formaline-fixed ussue stained wath Sudan, mn a nur’nbcr

of these latge cells, granular matter 15 scen which has a light brownsh-red colovr




6 Early childhood

As fat 45 could be established the patients desceibed gave evidence of msuf-
ficient development of their mental powers during the first three years of
therr lives. There are, therefore, no patients with a so-called "late” form of
gargoylism, in which only after the thurd year of life clinical signs become
manifest

Most of them started nalking late. In the majoriey of cases speech develop-
ment was distorbed Usually berween 3.6 yrs. 2 mental dererioration was
noticed 1n the mMOTE SEVETE Cases,

Fusther, the anamaestic data are in conformity with the opinion, reflecced
1n the literature, thar gargoylsm is a condittonung factor for the acquiring of
preumonia, bronchds, pharyngids, rhinits, tonsillitus, outis media and ather
chronic or recurrent affections of the respiratory tract

B BIOMETRIC DATA

The data referring to height, weight and skull circumference ate summarized
1n the followxing table, atranged according to the age of the patienn:
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Chapter VI

SUMMARY AND DISCUSSION OF THE CLINICAL
DATA DESCRIBED IN CHAPTER IV

A PAST HISTORY

1. Consangumuty

No consanguinity was found 1n the parents of the patients desctibed before
Perhaps this is related to the fact thar sn at Jeast six (Case I up to and in-
cluding VI) and possibly even 1 eleven (Cases VII, VIII, XV, XVII, XVIII)
of the eighteen patients the disease is sex-linked.

2 Familial tnedence

The familial mcadence 1s most obvious in Cases I to VI inclusive. The
patients described are all boys, belonging to one ancestry, wherein the disease
appeared at least in fourteen persons. The second family with multple cases
is represented by Cases VII and VIII; these patients are brothers A thied
family where a muluple incidence 1s found, 1s represented by Case IX A
brother of this patient 1s possibly also a gargoyle paticnt

3. Hereduy

In Cases I to VI inclusive, there 1s a recessive-X-chromosomal inhentance
(see ancestry Fig. 1)

In Case IX recessive autosomal inherrtance may be presumed because a
brother of this female patient probably also suffers from gargoylism

In the remammung pauents 1t 1s not clear whether the condiion 1s homozygous
or heterozygous Neither 1s 1t clear whether there ate pauents 1n which the
disease must be atersbuted 0 a gene mutaton

4. Pre-patal peculiarstres

Perhaps 1c 15 worthwhile mentioning that the mother of one paucent (Case

XVII) during pregnancy observed abnormally litle foetal movement In this

patent, after the birth, there was definite motor inertra

5. Birth

In 8 of the 18 patients the birth was abnormal (long durauon of labour,

Caesaran section ot forceps extraction). In three of the erght pauents an

abnormally large skull was noticed at barth,
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The numerous café au lait spots mentioned in case XV are of interest in
connection with 2 publication of NOLLER ™, in which a patent is described
with both gargoylhsm and skin fibromata. SALAM and ZELLWEGER ™ ™
described a family with a case of gargoylism as well as one of Reckling-

hausen’s disease. Further, 1t is of interest to note the presence of leukonychia
10 Cases IV, V and VIL
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From this survey it is obvious that the height is below the normal age
standard. Marked degrees of retardation in growth are conspicuous in the
higher age group.

These data support the opinion of ZELLWEGER et al* that there is a
progressive retardation of growth with increasing age.

The body-weight usually exceeds the normal standard for age and height.
The circumference of the skull is usually greater than is normal according
to age. In general it may be said that the moderately enlarged skulls are
brachycephalic and the greatly enlarged skulls mesocephalic.

C FACIAL EXPRISSION AND HABITUS

Practrcally all patients had the Hurler-facies to a greater or lesser extent
The facial expression typscal of gargoylism became increasingly obvious with
age. To the description given in the literature we may add that the face of
many of the patients is reminiscent of someone with a bad cold, about t0
sneeze. The grin of short duration, which precedes sneezing, appears con-
stantly on the face of the gargoyle pauent, giving 1t a stark and painful
exptession, A clown-like expression also occurs (see Fig 7)

The resemblance between the inttafamilial cases, as described 1 the first six
cases, was striking. However, the factal expression in Case IV was different
from that of the other patients. In some patients the cheeks were bright red,
but 1n others this phenomenon was lacking Moreover, it was noticed that the
bright red colour disappears during the course of the disease (Case V), How-
ever much the patients resembled each other on account of their facial expres-
sion, there was a still greater resemblance in therr habitus, Generally speaking
they could be considered as pyknic. The relatively large head, the short, broad
neck, the flat broad thorax, the fat abdomen, the plump broad hands and
fingers lend the general appearance of the gargoyle patienc an aspect that Is
even more charactersstic of the disease than the facial expression because, 1n
our optnion, 1t 15 neither dependent an the phase of the discase, nor on the age
of the patient Another typical aspect, dependent on the age of the patent and
the phase of the disease, 1s the posture of the patient when standing and
walking, viz,, the flateened lumbar lordosis, sometimes accompanied by a
thoracolumbar kyphosis, and the flexion contracture position of the legs, at
the hip and knee joints and the often present genua valga.

We shall not go more deeply into details noticed on nspecuon, such as
contractures, skin and hair anomalies, the occurrence of an umbilical hernta,
tecth, tongue and nail anomalies Suffice 1t to give a broad survey of the
appearance of some of these anomalies

10/



1y ab i iral

The heart in tno patients was defini "f““
anomaly. In these cases che blood pressuce ot the femoral ':mcnes Was 100
low, while in 2nother patient thete nas 3 definite hypestension. On clefm»
H o \ Uities wese tegistered [a some patients
a systolic murmur was dewected above the base of the heart, and in one an
enlargement of the heart to de left Diffuse glandular enlargcrrmm was
observed in one case oaly. Most patients suffered from a chronic coryza
According 1o MeKUSICK ™ and MURRAY ** the mobulicy of the thorax is
dunmshed 1 a lagge number of patients. Although our case hustorics included
fo data pertaimng 1o this featuge, it is reasonable 10 assume that 2 diminished
mehibry existed on account of e broad and fiat dhape of the thorsx and the
honzontal course of the ribs m the majonty of our padients. Tc should be
wenvoced here that in tho cases microgenmrahism was present, while in other
paveats the external genutals were nell developed 4 latge number of labo-
ratory tests have been carried out on most of the patienss, including the
d of sodrom, p chlaride, phosphy urea, Chol !
acd and alkaline phosphatase and the copper content of the blood. Further,
the protein specrrum of the blood was & ined by means of paper-clectro.
phoresss. Apare from dererrumng the fasnng blood sugar lesel tn many cases
2 ghicose telerance-curve was also made Liver function tests were carried out.
The utne was exammed chromatogeaphically by means of paper-electza-
phoresis for the presence of animo-acids In some cases the hormone content
of the urine was estumated Blood and urne examination was routine in ali
cases Apart from this, shides were made of the penpheral blood-picture, 10
demonsate the anomaly of Reilly (Giemsa-Wright swining). This anomaly,
bowever, was not found 1p any of our patienss.
The sernal punctate was examined in cases IX, X and XIII,
In Case X there was an werease 1n reucular cells, 2 spongy structure of the
protoplasm and a large, sometmes eccentric and flartened nucleus.
The basa) werabolism could oaly be examined 1n the few cooperative patienss,
The following values were found
Case X BM ~ 36 resp, — 10; resp, —
Cae XV B M + 12 P 10 e — 14
In case X tracer iz il 1™ gave
substance was almost enaurely retamed by the thyroid

tesults because thys

Hotmone excretion via wie unne {mg. per 24 hours)

Cue w © » WKV wvag
1"-ketosteroids

I
17-hydsoxycortucosterards * o g’z 03 3 b
Gonadotropic hormones 1 W, %8
Okstrogeaic hormones Ly 3
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Optic atrophy was diagnosed in two patients (Cases IX and XVII). On
account of pronounced corneal cloudiness, it was impossible to examine oculi
in Cases X and XL

A "cherry-red macula”, which may occur in amaurotic idiocy, was not nottced
in any of the patients. The corneal cloudiness in Case II is noteworthy, be-
cause this was a case of sex-linked heredity. According to the literature corneal
cloudiness is not seen in sex-linked cases. Delayed pupil widening with my-
driatics was observed in Cases VII and XIII. This phenomenon 1s repeatedly
mentioned in the literature ™ - ™. The importance of detecting etrors of
refraction is obvious from Case XV, in which a hypermetropia was diagnosed,
After correction of vision there was an obvious improvement 1n his achieve-
ments at school.

E COCHLEAR AND VESTIBULAR FUNCTIONS

The results of the investigations are represented in the following summary

Impresnion of the
sensitiveness of the

Case Ase Reactions to sound Reaction 1o catoric ':i’,’.',’:,:.’l., e
and lateny peniod
X1 0,6 + + dminished
XVIII 0, 8 + + diminished, left
more than right
X1t 1,2 + + dtminished
Vit LS + + dimimshed
Xv1 2,1 Righe — Left + + diminished, right
more than left
XIv 4, 2 + Left — Right + left abolished
righe dimimished
it 5 5 + —_ abolished
v 5, 6 + — abolished
X 5,10 + — abolished
XV 6, 3 Normal audiogram + slightly drmintshed
il 7, 4 + — abolished
v 8, 2 + — aboltshed

It 15 1mportant to note that in cases with mental deficiency, 1t was pracucally
impossible to accurately establish the audttory disturbances The impression
ganed from the patients was that there was a gradually decreasing reaction
1o sound sumul, which of course does not imply etther that the organs of
hearing did, or did not, function normally From the summary the impression
15 gained that m most cases there 15 a dimimishing sensttveness of the labyrnth
during the course of the disease

ICAL AND ENDOCRINL ANOMALIESANDELABRORATORY
FOMED FINDINGS

As 1 cases reported 1 the lierature, a hepatosplenomegaly was found 1n
most of our patients. Intesunal disorders, seldom mentoned tn the literature,

were also seldom encountered mn our pauents.



The hearr in two patients £as definely abnormal, suggesuve of a congenital
anomaly. In these cases the blood pressure of the femoral arteries was too
low, Shyle in another patent there was a definite hypertension, On electro-
T ination. no at lities were registered. In some patients
a s)m‘:hcl murmur was detected above the base of the heart, and in one an
enlargement of the hearr w© the Jeft. Diffuse glandular enlargement was
observed in one case only. Most patients suffered from a chronic coryza.
According 10 MKUSICK ™ and MURRAY *” the mabiluy of the chorax is
dminished 1n a large number of patients Although our case histories included
no data peruining to this feature, it is reasonable to assume that a diminished
mobihity existed on accouns of the broad and flac shape of the thotax and the
horzontal course of the ribs in the majority of our parients It should be
mentioned here that in tno cases microgenitalism was preseat, while in other
patieats the external genitals were well developed. A large number of labo-
ratory tests hane been carried out on mast of the patients, including the
d of sodium, potassium, chloride, phosphorus, urea, chol 1
acd and atkabne phosphatase 2nd the copper content of the blood. Further,
the protein spectrum of the blood was determimed by means of paper-¢lectro-
phoresis Apart from detetmining the fasting blood sugat lesel in many cases
a glucose tolerance-curve was also made. Liser function tests were carried out.
The urine was exammed chromatographically by means of paper-electro-
phoresis for the presence of ammo-acids. In some cases the hormone content
of the unne was estmated Blood and unne examnation was routine in all
cases Apart from thus, sldes were made of the peripheral blood-picture, 1w
demonstrate the anomaly of Railly (Giemsa-Wrighe staining) This anomaly,
however, was not found 1n any of our paticnts.
The sternal punctate was examined 0 cases IX, X and XIII
In Case X there was an mcrease 1n re(icul?r cells, a spongy structure of the
protoplasm and a large, someumes eccentric and flattened pucleus.
The basal bolism could only be d in the few c
The following values were found:

«

patients,
Case X BM — 3,6 resp. — 10, resp — 14,

Casse XV B M + 12,

In case X tracer mvesuigation with 1™

gave remackable results becays
substance nas almast enurtely retained e ths

by the thyroid

Hormane excreton vz the urine (mg. per 24 hours).

Case

v ©
X A XV V|
¥l ketosteronds ﬁ‘xﬂ
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The uscfulness of the laboratory examinations proved to be small when con-
sidered in relation to the number carried out. We shall therefore restrict

ourselves to a recording of the positive resules:

Serum proecing {paper elcrophoresis)
Cholese- gy e Clobul: Toul
vol r Copper  photphar  gfhumin dphell  slphat v pomma PO
mal  130- 4-7 98-124 5-15E 54-  62- 78- 91-. 121. 6.8
wes 250 y% v% KA 64 85 114 130 176 &%
mgt% el%  rel%  rel9% el relS%
15e
it 249
m 58 125 20 47,1 8,6 15 136 157 7
17,2
v 292 39 196 29 48 59 143 134 183 67
v 253 46 198 28 502 73 128 148 152 7
VI 196
il 140 205 225 4Ll 96 178 151 165 69
m 187,5 40,58 60 62 130 1,5 92 6
IX 125 366 3,1 8,6 67 66 62
X 380 24,2
35,2
XI 268 185 427 75 185 1L, 196 53
111 188 163 34 449 9.2 194 143 122 67
v 198 131 34 53,2 8,1 1,3 129 144 62
(v 237 65 149 482 89 1,6 11,6 197 7
Vi 237 5.8 177 505 83 147 127 138 64
/11 242 670 25 115 90 100 7
i1 1477 7.1 14,3 56,7 6,2 123 129 11,8 68

Lipid spectrum of the blood.

Standard Case \ Case IN
Tot, amount of lipids 500-—900 mg % 1112 mg % 525 mg %
Lipid phosphorus 7—9 mg Y% 14 mg % 55 mg %
Neutral fat 0—400 mg 9, 360 mg S5 262 me %
Cholesterol 150-—280 mg 9, 380 mg S, 125 mg %

From these surveys 1t appears that hypercholesterolaemra was present in several
cases In one of our cases (Case X) pracucally all fractions of the lipid spectrum
of the blood were increased, Similar findings have been described in che Jicera-
tute 7!, In some patients the copper content of the blood-serum was definicely
increased, a phenomenon also described 1n the licerature *' The alkaline phos-
phatase level in the blood was in most cases moderately raised. In the hiteracure
normal le\'els predaminate 20 21 103 M1 187 136, IS0 197 198 227 150, nl(hcugh lnqﬂ
minority of cases moderately raised levels have been observed (7 ¥ ™ ),
and only exceptionelly low levels (** ™). The protein spectrum (papes-electro-
phoresis) presemed, as a rule, the following features

1. Normal protein content.

2. Decreased albumun/globulin ratio.

110



3 Increased alpha-2-globulin fraction. (This 1s in agreement with the findings
of LOWENTHAL ™). 4

4 Incidental devistions from the notmal levels of the other globulin frac-
uons

Although 1n vanous patients signs were observed, suggesuve. of Cushmi:
disease, actomegaly and myxoedema, the results of our investigations disprov:
the presence of these conditions In our cases as m the llt.ernmfc, .:hc endo-
crnological investiganion results vary from case to case. This vambllu-y seems
understandable, at least to some extent, in gargoyhism, for whereas in some
cases the piticary is of normal size, in other cases the :\denohypfrph)'sis is
enlarged and in stifl another category of patients the pituitary body is reduced
1 size as result of pressute mn the presence of 2 variable degree of hydro-
cephalus, which wself can cause hypothalamico-endacrinological disturbances.
Tt secems worthwhile to mention here that the X-Ray picture of the sella does
not provide reliable information as to the true size of the pirnitary.

G NEUROPSYCHIATRIC DISTURBANCES

fn Chapter 11 1t has already been explamed how our study of the Inerature
— specially the publicaton of C. de LANGE and WOLTRING — resulted
1 a disunction being made berseen two types, viz., the classic type, Whete
the disease 15 accompansed by neurolipidosis, and the typus E where thus is
absent Clincally, 1t may be remembered, the difference between the two
fypes consists 1n the presence or absence of psychuic or neurological abnot-
malies For furher details reference may be made to Chaprer 11,
An example of typus E probably does not appear n our own material, Al
though 1t 15 true thar there are some cases in which progtessive memtal deterio-
ration 15 absent, the other signs of the disease are so shight that st is perhaps
mote correct 10 consider these cases aboruve. Apare from these latter cases,
the anomalses found can be summarized as follows,

I A progressive deterioration progess preceded by oligophrenia

11 A very slowly progressive neutological condition, resulting in a spasuc

tletrapamsns or tetraplegia and cortical, sub-cotncal, striate and brainstem
lesions

1L Hydrocephalus, as a rule of 2 progressive characrer,

Hpdoos in the large majoriy
Ad L
The oligophrenic development which clin
tcall i
oy i g e ly precedes the deterioraton ss

k P tempo and by malfor.
mation of the personality of

ron ot e personality of the child which leads tinally t0 complete develop-
Only when this has taken pl. i

b e s place do the signs of a progressive deteriorarion




The usefulness of the laboratory examinations proved to be small when con-
sidered in relation to the number carried out. We shall therefore restrict
ourselves to a recording of the positive results:

Serum protein (paper electrophorein)
Cholne phy o Glabuin T
rol TR PRI Albunn aphall  alphal  bers  gamma PO
yemal 130- 4-7 98-124 5.15E 54- 62. 78 9t. 121- 6-8
lues 250 y%  ¢y% KA 64 85 14 130 176 &S
) mgt% rel%  1el%  rel%  rel% 1l
Aase
i 249
i 5.8 125 20 47,1 8,6 15 136 15,7 7
17,2
v 292 3,9 196 29 48 59 14,3 134 18,3 67
\4 253 4,6 198 28 50,2 7.3 12,8 14,8 15,2 7
Vi 196
VI 140 205 225 ALl 96 178 151 16> 69
VIIT 187,5 40,58 60 6.2 13,0 11,5 9.2 [
IX 125 366 3.1 86 6,7 66 62
X 380 24,2
352
X1 268 18,5 42,7 7.5 18,5 11,5 19,6 53
cu 188 163 34 49 92 194 143 122 67
K1V 198 131 34 53,2 81 113 129 144 62
XV 237 6,5 14,9 48,2 89 1,6 146 19,7 7
V1 237 5.8 177 505 83 47 127 138 6
Vit 24,2 67,0 23 15 92,0 10,0 79
VIl 47,7 1 14,3 56,7 62 123 129 ng 68
Lipid spectrum of the blood
Standard Case X Case I\
Tot, amount of lipids 500—900 mg % 1112 mg % 525 mg %o
Liptd phosphorus 7—9 mg %, 14 mg 9 5% mg %
Neuteal fat 0—400 mg S 360 mg %, 262 mg %
Cholesterol 150—280 mg 9 380 mg 5 125 mg %

From these surveys 1t appears chat hypercholesterolacmua was present in several
cases. In one of our cases {Case X) practically all fractions of the hiprd spectrum
of the hlood were increased. Similar findings have been described in che licera-
ture 7%, In some patients the copper content of the blood-serum was definitely
increased, a phenomenon also described in the iterature 1 The alkahine phos-
phatase level in the blood was in most cases moderately rassed. In the literature
normal levels predominate ¥ 31 103 W1 167, 1ae 491 197 198 227 39 jchough an 2
munority of cases moderately rassed levels have been observed
and only exceptionelly low levels ("' '*) The prorein spectrum (paper-electro-
phoresis) presented, as a rule, the following features:

G ),

1. Normal protein content.
2. Decreased albumin globuha ratio



of bemg angular. As 2 rule an increase in the oculopalpebral rc(}ex with
extension of the reffexogentc zone was detectable, sooner of later, This p!ncno-
mesion was absent only in the lighe cases. The further course of the disease
was characterized by an increasingly inedequate and imperfect progress of
motoric behaviour pattern; the patient usually impressed one as being aprac-
we This was commonly folloned by a slowly progressive spastic dipleget,
firstly of the lower and later also of the upper extremities, while, at the same
time not only bulbar but also the pseudobulbar pt d. These

p PF
inchided peumitnve mouth reflexes, deglutil fon disturbances, depression of the
phacyox ceflex, increase of the masseter-reflex, a strongly positive facial reflex
and an increased reaction to threar, It was often noticed that the mouth
contamed excessive amounts of saliva and this was auributed to difficulties
experienced m swallowing. In one patient msufficient saliva secretion was
obsetved (Case 1V}
In the begmning of the illness various patients gave one an impression of
soffering enhanced sensauons of hunget and thirst.
In the fater stages however, it was usual to note a progressive decrease of
appetrte, as well as pathological increase of desire for sleep
In one patient (Case II) affective loss of tonus was observed. Sensory exami-
nation was difficult 1o carry out efficiently on account of the lack of intel-
lectual power of most of the pauems.
It was, however, notsced that many dishtked being touched They reacted also
1o pain stimulz. Definite cerebellar anomalies were not observed. One patient
suffered from epileptic fits (Case XI). In two cases there was a bilateral
optic-atraphy. In a number of cases examnation of the papillae nervi opuci
was not possible because of corneal cloudings In the most advanced stages
:: n:; d\:s:lals: [‘};‘! ;lmuem luy. pxzmc.ally m?tionless in bed, with ?xxendtd
s the legs and with fees in 2 pointed posimon Further, it should
be remarked thae there wete no signs of disturbance of the periferal nervous
sysiem Tlecromyographic examunation could not be carried out on this
group of pauents It may be menuoned in passing that the patients showed

: :;mduany delixeasmg reaction to sound stimult. In the final stages they did
react ar all to vesubular stimul; I v
AN A 1 ] 0 some pavents, wich a slight sympto-

al lies could not be d
It 15, however, possible © could not be detected,
ata later dm,;P ssible that 1 such sborve cases these signs will sull appear
The results of elec hal 5 .
follows * e may be d as

1. As a rule no consuant asymmetries
% No focal or generalized epileptic activiy
3 Generally speaking excessive slow acnviy,

* We are grateful 1 o
ut colleague § Mof,
for hus 0l, neurologist at Hi
14 ESSSTIRCE W0 recording and nterpreting he EEG&::::“E:M"‘ Hospral,



Initial examination revealed, apart from a retardation in the striving after
and the acquiting of sensual and intellecrual knowledge, a distuthance of
temperament, character, vitality and psychomotility, a disturbance, in other
words of the complete personality.

Following upon this period of nadeq and progressive retardation in
development a stage is finally reached of complete arrest, as already stated.
This did not happen simultaneously in all fields, namely in behaviour ex-
perience and function; in some pauents for example, there was cessation
speech development, while some progress was sull being made 1n other ficlds
of motor development. Most patients started walking late, Progressive de-
terioration signs generally appeared between the third and sixth year. The
patients gave to an increasing degree the impression of being apractic. Patho-
logical deterioration involved the break down of most cerebral functions,
with psychiatric as well as neurologtcal manifestations. It was particularly
noticeable that, together with the intellectual deterioration, primitive, oral
Iibidinous behaviour patterns came to the forc.

Compared with the behaviour and experiences of normal children of the
same age and sex, there not only appeared to exist quantitative differences but
also qualitative ones.

In certain of their behaviour patterns and experiences they appeared to be
even less differentiaced than are normal healthy infants. Al in all chis may
be said to add up to a deficiency in the majonty of the specific human quak-
ties, What remained were fragments of behaviour and a completely disordesed
psychic life based principally at the animal-vegetative and brological-sensitive
level. Thrs was accompanied by an increasing disturbance of socnal contacts
In a few patients with a slighter symptomatology, there was only an oligo-
phrenic personality development, Follow-up will show whether 1n these cases
pathologscal deterroration will still take place. In one of the aboruve cases
noticeable improvement took place, as judged by school achievement aficr
an hypermetropy had been corrected.

The majonzy of the patients was unable to follow infant school trasmng or
even that provided 1n a special school for backward children

Ounly one patient seemed capable of following the ardinary elementary school
course (Case XV).

Ad. 1L

On reviewing the whole range of neurological anomalies, one may conclude
that a prominent feature was a decreasing tempo mn the development of the
neuromotor and psychomotor functons resulung in a steady lowering i the
Jevel reached. Specch development was neatly alwags disturbed and this was
most pronounced in those patients in whom walking had begun late

In some motor inertia was scem, others however, there was a nouceable
hyperkinetc behaviour, chuefly in the form of primutive thythmic movements,
but also in other forms of motor restlessness, 1t someumes having a chorer-
The movements were typically suff and gave the smpression

form character,



The vascular imptessions, however were often pronounced.

In the minority of cases the shape of the sella was considered to be normal;
usually shoe-shaped and sometimes a ballooned sell2 was seen In more than
half of the cases the sella was enlarged and che sella entrance widened

[n most of the cases the preumatisation of the mastoids was slight,

Thorax

The thorax was broadened in practically all cases, and there were changes
1n the clavicles and nibs typical of gargoylism.

Vertebral column:

In most of the patients “fish-hook™ shaped vertebral bodies were seen in the
thoracolumbar region of the vertebral column. Occasionally tongue-like pro-
jecuons were found on the anterior surface of the vertebral bodies.

Some degree of kyphosis was seen in practically all patients

Spondylolysthesis occurred 1n three cases

Other signs*

Coxae valgze and changes typical of gargoylism in the bones of the hand
and 10 a lesser degtee of the foor, were seldom absent,

In Cases [, IV and V the number of ossified carpal centres was below the
normal age standard,



4. Sometimes excessive beta-activity,

5. Tendency to respond on photic-stimulation, with higher frequencics than
those of the background rhythms, with a pronounced occipital dnving.

Ad. 1L

In 8 patients an imptession could be gained as to the size of the cerebral

ventricles by means of pneumo-encephalography in 3 cases and by the exami-

nation of post-mortem material in 5 cases.

In 6 of these the ventricular system was dilated 0 a varying degree:

Circumference of

Age L skl Symbols exprer-
cne mhh,.,.k":l"“"dm: Lonpihfoghe | ra vemtmules ing the deee
x X 1,0 — 6,7% 4 No dilavion 0
x Vi 29 + 4 9% 17,5/15  Dubious dilation of =
sideventricles
~ v 1,5 +9 % 17 /15 Clearly dilated +
-~ v 5.6 + 2.3% 16 /15  Clearly dilated +

- v 8,2 + 0,8% 16 /15 Clearly dtlated +
x vil 7.5 +14,1% 20 /16,5 Strongly dilaced ++

x X 6,5 +15,5% 20 /15 Verystonglydilated  +-++
x X1 12,0 +16,5% 21 /16 Verystronglydilated -+ ++

x Post mortem
— Encephalography

This survey shows a correlation between the degree of ventrcular dilauon
and cranial enlargement, It is remarkable that the mesocephaly only occurs
in cases with a pronounced ventricular dilation (Cases VII, X, XI), contrary
to the brachycephaly seen in the other cases.

As appears from the autopsy reports 1n chapter V, abnormal thickened lepto-
meninges have been found in these cases In Case XI, moreover 1t was con-
stdered possible that the dilatton of the ventricles has been caused by a cyst,
situated in the cisterna magna.

H “-RAY FINDINGS

The matn findings may be summarized as follows

Skall:

The skull was enlarged in most of the cases, to a varying degree.

The shape of the skull was mesocephalic in some cases, brachycephalic i
others. A thin skull roof as well as open sutures were seen in most of the

cases. ) i o
In minority of the cases the imy were emp




by KLENK, who was the first 1o discovet and define gangliosides ™. KLEN}‘\
s‘r{n\\ed ‘ha; this glycolipid contains a substance which he called neutaminic
acd. y
Nonadays it has been established, amongst others by the v?xL of BLIX,
that neuraminic acxd besides being 2 comstitven of the gangliosides, occurs
also in cestzin mucoprateins. L o .
According o recent publications peusamintc acid has various important !?|O~
T Ly .
logtcal functions. Besides acid g g contain osamf
Fusther components of gangliosides are fatty acids, galactose and sphingosine.
Splungosne was so named by THUDICHUM on account of the problems
he sad 1¢ presented to the enquirer ks

Il Duturbances of mucord substances

Before describing these anomalies some rematks may be made.

Of the mucod subscances, the mucopolysacchanides form an ilt-defined sub-
duwision.

This is obvious from the introduction grven by MORGAN at a congress on
the chemustry and biology of mucopolysaccharides in 1958: "It must be
admirred that there is no generally accepted definition of 2 mucopolysac-
charde and for that teason, at this stage ta the development of the subject,
we must be prepared 1o include a wide range of carbohydrate containing
complexes 1 our discussion” ¥,

ROSEMAN gives the following dehninion

“In general the mucopolysaccharides may be defined as polysacchandes which
usually contan hexosamine and are associated with protein, but which can
be sepatated from protein by relatively muld technics” ¥,

The anomaltes 1n the mucoid substances present in gacgoyhsm tnvole the
a0d mucopolysacchardes. According o KARL MEYER **, 2 proneer in this
treld, (hese substances can be subdivided as follows:

1 Pol: des, to which hyal aad and chondrotin belong.

2 Sulphated poly des, 10 which chondroitin sulphate A, B and C belong

as well 25 hepanun sulphate, also known as heparin monosulphate.

3 Polysulphates of which, up to the present, aaly the karatosulphates have
been denufied

BRANTE™ 1n 1952, was the first 1o notice an increased mucopolysacchaside
content 1n most of the tissues and organs of gargoyle panents DORFMAN
e al demonstrated an excess of mucapolysaccharides in the unne
KARL MEYER confirmed this and also proved mu(opclysa:charide's 10 be
Present 1n excess i the brain tssue, He shoned the increased mucupolys:\ct
chandes w0 consst prmcpally of o substances chondroun sulphate B
(ChS-B) and hepanitn sulphare According 10 KARL MEYEK’“F in th
p\nbhc:n'mn sherein one also finds the resules of his nvestigation 0; two o:
zche patients descrnbed by us i Chapter IV (Case VII and XI), the rano of
hS-B 1o heparitn sulphate 1 the wnne is wsually 2+ 1. In ;nSES without



Chapter V11

GARGOYLISM FROM THE BIOCHEMICAL POINT OF VIEW

Only in the last decade and thanks to the work of prominent biochemists
has it become possible to describe gargoylism in biochemucal terms. Thas
obscure points have remathed unexplained 1s not surprising when one reaalls
thar the biochemical processes involved are those dealing with the still poorly
understood metabolism of the lipids and mucord substances

1. Disturbances of lipids:

Before describing these anomalies, some general remarks should be made,

In some countries a distinction is made between lipids and Iipoids, i.c. between

fats and fatty substances

In other the term "lipids” is used to denote both groups and in this meaning

1t is used here,

The lipds can be defined chemically as an heterogenous group of naturally-

occurring substances, characterized by their solubihity propecties. They ate

non-soluble in water and sofuble 1n fat-solvents such as benzol, aether, acctonc
and tetrachlore-carbon

The lipuds, can, according 1o FOLCH, be sub-divided as follows.

Sunple lipids, comprising the triglycerides and waxes;

2. Conjugate lipids, consisting of a fatty acid, an aleohol and one or several
addiuonal groups. This group comprises the various phospholipids (lect-
thins, cephalins and sphingomyelins), glycolipids (cerebrosides and ganglio-
sides) and sulpholipids (e.g a cerebroside containing sulphuric actd 150-
lated by BLIX from nervous ussue).

. Denved lipids, “potentral” fatty acid compounds, e.g cholesterol and
substances derived from the preceding group, ¢ 8. sphingosine, higher
aldehydes, fatty acds

The anomalies described thus far 1n gargoylism are mainly of the gangliosiles

and appear to be of a quantitauve nawre

In 1951 BRANTE ' found an increase of ganghosdes in the cercbrum of

a gargoyle panent. \
These findings were later confirmed by other vesgators amongse others

[
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by KLENK, who was the first 10 discover and deflne. ganghiosides ™, KLEI.H\
showed that this glycolipid contains 2 substance which he colled nevramime
;\ffvmd.:ys it s been established, amongst others by the \\urk. of BLIX,
thet neacaminuc acid besides being 2 constituent of the gangliosides, occurs
also in cestain mucoproteins. . .
According to recent publications npenraminic ;\cid. h:ls vartous _lm‘pmmm §1o-
logical functions Besdes inic acid gangliosides contain osami
Further components of gangliosides are fatty acids, galactose and sphingosine
Sphingosine was s0 named by THUDICHUM on account of the problems
he said it presented to the enquiter »,

U Disturbances of mucord subssances:

Before describing these anomalies some remarks may be made.

Of the mucoid substances, the mucopolysaccharides form an ill-defined sub-
dnasion

This is obvious from the intzoducuon given by MORGAN at a congress on
the chemistry and buwlogy of mucopolysacchardes 1n 1958: "It must be
admured thar thete is no generally accepted definition of a mucopolysac-
¢haride and for that reason, at this stage in the development of the subject,
we must be prepared to include a wide range of catbohydrate contining
complexes m our discussion” ™%,

ROSEMAN gives the following definion:

“In general the mucopolysaccharides may be defined as polysaccharides which
usually contamn hexosamune and are assoctated with protein, but which can
be separated from protein by relatively mild technics™ ¥,

The anomalies in the mucoid substances present in gargoylsm involve the
aad mucopolysaccharides Accordsng to KARL MEYER **, a pioneer in this
field, these substances can be subdivided as follows:

1 Poly des, to which hyal acd and chondroitn belong
2. Sutshated ol

2. poly des, 1 which chond sulphate A, B and C belong
as well as hepatiun sulphate, 2lso known as hepanin monosulphate,

3 Polysulphates of which, up to the present, only the karatosulpha;
been dennfied ! roslphates have

BRANTE™ 1n 1952, was the fust to notice an increased mucopolysacchande
content 10 most of the nssues and organs of gargoyle patients DORFMAN
o al demonstrated an excess of mucopolysacchardes 1n the unne®

KARL MEYER conftrmed this and also proved mucnpolysacchmde‘s to be
Present i excess in the bran ussue He showed the increased mucopolysac-
chagides o consist puncipally of two substances chondromn sul, h:Ze B
(ChS-B) and hepanian sulphace According o KARL MEYER “Sp
pub!ncatxon wherem one alsa finds the resules of his investigation E
the patients described by us in Chapter IV (Case VII and %(al) tho
ChS Bt bepanun sulphate 10 the unne 15 vsually 2: 1, In ;as:

in the
wo of
rato of
s without



Chapter VII

GARGOYLISM FROM THE BIOCHEMICAL POINT OF VIEW

Only in the last decade and thanks to the work of prominent biochemists
has it become possible to describe gargoylism in biochemical terms That
obscute points have remained unexplained is not surprising when one recalls
that the biochemical processes involved are those dealing with the seill poorly
understood metabolism of the lipids and mucoid substances.

1. Disturbances of lipids-

Before describing these anomalies, some general remarks should be made.
In some countries a distinction 1s made between lipids and lipoids, 1€, between
fats and fatey substances

In other the term "liptds™ 1s used to denote both groups and mn this meaning
it 15 used here

The lipids can be defined chemically as an heterogenous group of paturally-
occurring substances, characterized by their solubility properties. They are
non-soluble in water and soluble 1n fat-solvents such as benzol, acther, acetone
and tetrachlore-carbon

The lipids, can, according to FOLCH, be sub-divided as follows

1 Simple lipids, comprising the triglycerides and waxes,

2 Conjugate lipids, consssung of 2 fatty acid, an alcohol and one or several
additional groups This group comprises the various phospholipids (lect
thuns, cephalins and sphingomyelins), glycolipids (cerebrosides and ganglio-
sides) and sulpholipids (eg a cerebroside cc g sulphunc acd 1s0-
lated by BLIX from nervous tissue).

. Derived lipids, "potential” fatty acid compounds, eg. cholesterol and
substances derved from the preceding group, e.g sphingosme, higher
aldehydes, fatty acuds.

The anomalies described thus far 1n gargoylism are maly of the ganghiosides

and appear to be of a quantitative nature.

In 1951 BRANTE ' found an increase of ganglosides in the cerebrum of

le patient.

ﬂTli;c:lsZg(;fndiﬁgs were later confirmed by other mvestigators amongst others

W
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bolism of the mucopalysaccharide or of some of. its coTponcnls, or as regards
the bindsng of the mucopolysacchande 1o protein, et

From this 1c appears that the gangliosidosis 15 not an essential, or ar least
not the most essenual aspect of the distase.

. Summary and dscussion:

According to more tecent views, the basic defect in_gargoylism is supposed

10 be a dsorder of mucopolysaccharide metabolism ™ M An excess of
polysaccharides has been < d in the liver, spleen, meninges,

urine ® 57 T8 3 404 also although to a lesser extent, in the bramn tissue

of patienss with gargoyhsm ™.

The gangliosidosis, affecting principally the nervous system but also, to0 a

fesset degree other tissues and organs™ M 1 ¥ has 1o be considered as

non-obligatory and consututes n this sense a secondary p'hencmenon We

suspect the gangliosidosis to be absent in typus E, because here there is no

cecebral tavolvement

Tt may be important to know whether or not there are differences berween

the classical types and typus E as to the chemical nature of mucopoly-

sacchanides in the organs and urme. This may possibly allow more insight

100 the 1 hip berween the ganghosid

chandosss

Further detailed clinico-chernical and anatomico-chemical research may yield

new facts by means of which the true significance of the undoubtedly impor-

tant fact thar gargoylism 15 associated with an excess of certain mucopoly-

saccharides will be better appreciated

Addmonat knowledge may deepen insight into cerrain other affections.

In this connecuion 1t should be remembered that gargoylism may be accam-

panted by cardiovascular sclerosss.

A berter understanding of the mechanssms resulting 1 arteriosclerosis m

Zargoyksm, may further our knowledge of the aetology of arteriosclerosis
in general

and the mucopolysac-



skelera] anomalies he found no ChS-B in the urine. He found 2n equal pro-
portion of ChS-B 1o heparitin sulphate to be present in the spleen, kidneys
and brain. In the liver, however, heparitin sulphate predominated. The chemi-
cal analysis by KARL MEYER of post mortem material from cases VI 2nd X1
(the results of the analysis of case XHI are nor yet known) yielded he
following results:

Total suld of mucepoly- Heparo
Pavens Sex F Timse  wacch o the bas of (ool wltne

defaseed dry wegh  FRUOS frine,

G v
Case VI M 7 sears Brain 0849, 40% 30%
S months Hepar 1.2 % 5% 90%%

K -
{Case XI) F 12 yeors Brain 22 % 85% 1595

H1.  Comparison of the anomaltes in the gangliosides and the acid mucopoly-
saccharides.

The composition of the three substances which are usually present in excess

in gargoylism, ve. gangliosides, ChS-B and heparitin sulphate is as follows:

Boved
Lot BEE DS e BASI  hene H G
Gengho-  Fauy - -+ Galaco. — —  — Galac- +
sides acidy samine tos¢
N-2cen)- L-Idu-
ChS-B — —_ — galaco.  ronic <+ — + +
szmine 2ad
Hepari- D-gluco- D-ghu- .
tin sul- _ — —_ sammne  curonic  + -+ + ’

phate

From this survey st appears that both the gangliosides and the mucopols-
saccharides contain hexosamine.

On zccount of this fact BRANTE " suggests the following pathogenests
~As o the pathogenesss, it is interesting 10 pote that a connecting link bt:m:en
the gangliosides and the mucopolysaccharides is to be found in their both
containing hexosamine in a polysaccharidic structure. The lipsds wath ganglio-
side properties are Dot seen 10 esery case of gargoylsm, whercas the 2bove
described mucopolysaccharides seem 1o be. This suggests thae the ganglioside
deposition might be a consequence, 1 proper cases, of the mucopolysaccha-
ride surplus, the laner substance perhaps providing raw mzxzn:zl for the
former. The flooding of the tissues by mucopolysaccharide may, in 15 urm,
be 2 conseqrence of some coogeninal enzyme disturbance as regards the meta-
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bolssm of the mucopolysacchatide of of some of. ts cox:lponcnls, or as regards
the binding of the mucopolysacchatide ta protein, ecc/ )

From this it appears that the ganghosidosis is not an essential, or at least
not the most essential aspect of the disease.

V. Summary and descussion
According to mote recent views, the basic defect in_gargoylism is supposed
10 be 2 disorder of mucopolysacchatide metabolism ™ ** 3%, An excess of
lyszccharides has been d d in the liver, spleen, meninges,
urm:‘:"' * 7 2 37 40d also although o a lesser extent, in the brain tissue
of patents with gargoylism >
The gangliosidosis, affecting principally the nervous system but also, 0 a
fesser degree other ussues and organs™ M 10 2 T s 1o be considered as
ron-obligatory and constitutes in this sense a secondary phenomenon We
suspect the ganghosidosss to be absent in typus E, because here there is no
cerebral involvement.
1t may be important to know whether or not there are differences between
the classical types and typus E as ta the chemical nature of mucopoly-
sacchardes in the organs and unine This may possibly allow more insight

o the interrel hip berneen the ganghosidosis and the mucopolysac-
chandoyis

Furcher detailed clinuco-chemucal and anstamicochemical reseatch may yield
nes, facs by means of which the true significance of the undoubredly 1mpor-
ant face that gargoylism 15 associated with an excess of certain mucopoly-
sacchandes wall be better appreciated,

Addwional knowledge may deepen insight o cereain ather affections.

In thss connection 1w should be remembered that gargoylism may be accom.
pamied by cardiovascular sclerosts,

A better understanding of the mechanisms sesulung a0 artenosclerosss in

argoylism, may farcher our knowledge of the aenology of arteriosclerosis
n general



skeletal anomalies he found no ChS-B in the urine. He found an equal pro-
portion of ChS-B to heparitin sulphate to be present in the spleen, hidneys
and brain. In the liver, however, heparitin sulphate predominated. The chemi-
cal analysis by KARL MEYER of post mortem material from cases VIl and XI
(the results of the analysis of case XIII are not yet known) yielded the
following results:

Tota! yield of Iy

Paen Sex Ase Tusie  sace on the ol CIFB WD

defatced dry weight racnen fracuon
G

{Case VII) M 7 years Brain 0,84%, 4095, 308,
5 months Hepar 1,2 % % 9055

= e
{Case XI) F 12 jears Brain 2,2 % 85% 15%

HI. Comparison of the anomalies tn the gangliosides and the acid mucopoly-
saccharides.

The composition of the three substances which are usually present mn excess

in gargoylism, 1e gangliosides, ChS-B and heparitin sulphate 15 as follows

Round
Sphin- Neura- Hevuronic  Sul- Heror -
Lipids Tonne are g Hexosamme ey phate Aceste TS u::'r‘:l
Gangho-  Fauy + + Galacto- —_ —_ —  Galac- +
sudes aads samine tose
N-acetyl-  L-Idu-
ChS-B — — — galacto-  ronic + - + +
samine aad
Hepar- D-gluco- D-glu-
un sul- — —_ —_ samine  curomic 4+ + + 4
phate acid

From this survey ¢ appears that both the ganglosides and the mucopoly-
saccharides contain hexosamine.

On account of this fact BRANTE ™ suggests the following pathogenests.
"As to the pathogenesis, it 15 interesung to note that a connectng link between
the gangliosides and the mucopolysaccharides 15 to be found n their both
contasning hexosamine 1n a polysaccharidic structure. The lipids with ganglio-
side properties are not seen (n every case of gargoylism, whereas the above
described mucopolysaccharides seem to be This suggests that the ganglioside
deposition might be a consequence, 1n proper cases, of the mucopolysaccha-
ride sutplus, the latter substance perhaps providing raw matenal for the
former. The flooding of the ussues by mucopolysaccharide may, n 1ts turn,
be a ¢ q « of some cong 1 enzyme disturbance as regards the meta-
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Lesion consists of snelling of the cytoplasm, usually followed by cnlargcmm;lrz
The cyroplasm may have 2 vacuolar, granular or clear appcarancc.lecgcﬁn )'
speaking the extra-cellular lesions are charanenzc'd by an abnormal fibnliary
strucrure and swelling of the connective tissue, It is not clear whether the one
caregory 15 dependent on the other. Certain organs or systems are usually
volved, others less frequently. In most cases the reticulo-endothelial system
has been found 1o be affected. It should be mentioned, however, that cases
are known, as appeats from a publication of GUELI and SEVERIL .’”‘. in which
typical lesions of the liver parenchym cells are found without involvement
of the cells of Kupffer.

It is striking that 1n one of our cases (Chapt V, report No 1), in which the
illness was present m the inmal stage, Jesions were found in both liver
parenchym and Kupffer cells, while another case (Chape V, report 2),
in 2 more advanced stage, lestons of the liver patenchyma only appeared to
be present.

Neither from the literature nor from our own expericnce 1s it clear whether
or not the anomalies of the RES precede those outside this system

The pathological processes are f Apart from differcnces according
1o the stage of the disease, thete ate also differences which seem to be
irrespective of the stage. Amongst these may be menuoned the absence of
neurons] changes 1n certain cases Changes 1n the ltver cells may not occurs
carulage ossification disturbances may be absent as well as hearr, RES, ey
anomaltes etc. Thus differences are found in the distribution of the patho-

logscal lesions, which are dependent neither on the severity nor on the stage
of the disease

Approaching the essentials of the disease from the brstockemical standpomt,
one 1 seruck by the difficulty expenenced m denufying 1n many cases the
chemical nature of the matenal(s)s present 1n the swollen and or enlarged
cells Here a distnction should be made berseen the chemical analysis of
the central nervous system and the other organs and ussues

In most cases bsto-chemical evidence may be obtained of the presence of an
excess of gangloside-like matenal 1 the neurons

The amount of the materal tn the other organs and tissues, however, does
oot co-ncide 1n most cases with the degree of cellular enlargement, therefore
the produces (lipids, glycogen) can only be regarded as accessory  More
satsfying results are only obtained 1n those cases 1n which one has succeeded
1 demonsteating the presence of mucopolysacchanides In these cases iy
amount of the substance demonst o o the

rated appeared to
degree of celtular enlargement e v acondiog o dhe

The conc

— n;}:‘:on <l>lf BRANTE namely that, 1 the extra-neuronal tissues and
s rmally strong soluble mucopolysacchasde i

comecron seeestoe poly: tides are stored, ss in this

Orher 1nvesugators conside:

T the nat f
ccording 10 e tppa ot o ature of the stored subs

y 1ances o vary



Chapter VIII

ESSENTIAL FEATURES OF GARGOYLISM

We shall now endeavour to summarnize the most essenual featutes of gar-
goylism by reviewing the following.

. The clinical data,

. The pathological and histochemrcal data,

. The clinico-anatomical relationship.

. The biochemtcal data

The genetic dara

Ad. a4

The vividness of the clinical pictute depends on the stage as well as on the
type of the disease. There are more signs in the final stage of the disease
Typus E 1s less rich 1 clintcal signs than the classical type.

The most outstanding clinical feature and one nvariably present 1n all types,
1s the typical gargoyle habitus.

All other signs, such as the Hurler-face, cardiopathy, hydrocephalus, oligo-
phrenn and mental deterroraton are not invariably present

From the literature the impression is gamed, that there 1s no clear correlation
between the several possible signs of the disease.

X-Ray evidence of skeletal anomaltes can be Licking in cases which otherwis:
show a classtcal picture ¥ 3 Hydrocephalus was described 1n patients where
neither the ltver nor spleen were cnlarged 3 1% 158

There are also cases tn which distinct skeletal anomalies were unaccompanied
by hepatosplenomegaly 7 . It should, however, be mentioned that such
paticnts hepatosplenomegaly may sull develop'® There are cases known
withour skeletal anomalies but with hepatosplenomegaly '** The nervous
system may remamn unaffected, as has been explained 1n Chapeer 11 From
the preccding follows that there are no reasons for assuming thar a fixed
cotrelation exists between the various possible signs of the disease

Ad b
Gargoyhsm 15, in fact, disunguished by intra- and extra-cellular lesions,
without a fixed pattern in respect to topographuc distribution The cellulas

B
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bance of the eighth nerve scems e be not satisfaceorily explained. Peshaps by
2 minute investigation of the whole vestibular and cochlear apparatus a
conelame pathological substratum could be maced.

Apart from these dexafs there is the impaceane question whether on patho-
logical examination a carselative ot explanatory substratum is 1o be found for
the oustanding Clinical phenomenon. the typical habirss of gargoylism.
There s no generally accepted opinion about it. As a sule it has proved to be
wmpossible 1o show a convincing relationship between the pathological sub-
stratum and the abnormat habirus of the gargoyle paticat. In cases associased
sk daathism, disturbances ase often found at the epiphysial tines, yet such
clinical and pathological findings may be lacking in cases which exthibit the
abnormal habreus.

Nesther 15 there sufficient evidence for assuming a correlation between the
abnormal habitus and pathological anomalies of the endocrine system

Ad d

BRANTE and KARL MEYER showned that a surplus of mucopolysacchurides
' present i mose organs. This obviously points 10 a disturbance in the
metabolism of the mucopolysaccharides,

Whether this 15 4 primary ar a secondary discurbance, is not yet hnown with
any cesranty [ts aeuology 15 also as yer unkwnown, Most investigators thinl
1; ;o be due t an enzymopathy, while others consider a possible hormonai

efecr
Ad e

The heredity data can be summarized as fallows.

The disease can be associated with the anomaly of 2 single gene, sicuated 1n
the X.chromosome, or with rao genes, of which the one is situated 1 an
autosome of the father and the other i the corresponding gene of the mother.
The single gene defece usaatly comeides wich the abscence, the double g«nc‘
defect u:s’l’lally wuth the presence of corneal cloudings TURPIN and LAFOUR.
CADE?™ regard chis as the confirmanon of a well known rufe that the two

dose (homoz
ygous) condstion 15 more extreme than

the one

Zygous) conditton dose tretro

f:mman’zx;lg what has been sad 1n ad 2, b, ¢, d, and ¢, it may be said thar
e crucial symptom connect y
o nnecting the different types of gargoylsm 5 the
The varying s

ympromatolo, Vi
e pe Smprona gy corresponds with the varymg distrsbuton of
In the disease

s S il]eat sxg‘mhcn:cc should be aurbuted 1o the disurbed meta.
ucopolysaccharides whether this be i . .
b (] 1S 4 prima
j\ mt;:nsuc, T ause of this condiuon 15 ot yer km)in o secondury
striking condioning factar 15 i
the heredicy.
seems 0 be Jess severe than the homozyg::ls‘Zn:}l * herongious conduuon



The essentials of the histochemical findings may be summatized as follows:
It is generally agreed that in the neurones abnormal quantitics of a ganglio-
side-like material are present.

Regarding the nature of the accumulared material in the extra-neuronal tissucs
and organs, there is a divergence of opinion:

Some are of the opinion that 1t consists mainly of mucopolysaccharides; others
assume that the chemical nature of the products varies according to the kind
of cell 1n which it is stored.

Ad. ¢

In Chapter I a survey is given of what 1s known, according to the literature,
of the correlation between the chinical findings and the pathological pro-
cesses. These findings will nor be repeated here. We shall restrict ourselies
1o the following additions based on our own investigations:

1. What pathological substratum is responsible for the corneal cloudings?
The general opinion expressed tn the literature 1s that these are brought about
by the presence of gargoyle cells in Bowman’s membrane. However, we found
in the literature several cases with corneal cloudings without gargoyle cells
in Bowman’s membrane and other cases 1 which the topography of the cells
does not tally with the distribution of the cloudings.

In our own maternal, one patent (Chapt. IV, case XHI) with comneal
cloudings, proved (Chape. V firse report) to have a normal membrane of
Bowman In this case however a pronounced oedema of the substantia propria
was observed

From ths it appears that there is not always relationship between coneal
cloudings and the presence of gargoyle cells.

2. In the literature deafness or diminished hearing 15 assumed to be a
frequent symptom.

In Chapter III we stated that on account of psychical disturbances 1t is diffs-
cule 1n most pattents, to establish exactly whether or not the hearing 1s
impaired.

There 1s also little known in the lieerature regarding the vestubular function
of the panents examined,

Caloric stimulation of the labynnth did not produce a single vesubular
reaction n many of the patients described in Chapter IV while m most of
the remaining patients the impfession was gained that rrritability was sub-
normal. All these pattents, however reacted to sound stimuli. From tlus‘ it
may be concluded thar i several patents there was a dessoerated function
discurbance of the eighth nerve. In one of these (Chapter IV, Case VID), lhvc
pathalogical findings (Chapter V, fourth report) werse in agreement with
those of RICCI and ANCETTI M viz,, degenerauve or rhesn{msmonc changes
were found m the ganglion cells, as well 1n those of the vesnbul:‘zr as in those
of the cochlear ganghion The changes i the vesubular ganglion were not

more marked than 1n the cochlear ganglion. The dissoctated function-distur-
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bance of the eighth nerve seems t© be not sadisfactonly explained. Perhaps by
2 minute investigation of the whole vesubular and cochlear apparatus 2
correlanive pathologcal substratura could be traced.

Apart brom these details there is the important question whether on patho-
Jogical examenation a correlative or explanatory substragum 15 to be found for
the outstanding clinical phenomenon. the typical habitus of gargoyhsm.
There is no generally accepted opimuon about it. As a tule ithas ysmvr:d w0 be
impossible 1 show a convincing telationship between the pathological .sub~
stratym znd the abnormal habitus of the gargoyle patient. In cases associared
aith dnatfism, distuebances are often found ar the epiphysial lines, yer such
clinical and pathological findings may be lacking in cases which exhibic the
dbnormal habirus

Nexther 1 there sufficient evidence for assumung a correlation between the
abnormal hebitus and pathological anomakies of the endocnine system.

Add

BRANTE and KARL MEYER showed that a sueptus of mucopalysaccharidis

s present 1n most organs This obviously pomts to a distucbance in the
bofism of the polysaccharide

Whether thss 15 a primary or a secondary disturbance, 15 not yet known wih

0y cenainty Ts aenology 15 also as yer unkwnown Most invesngators think

ld! ;o be due 10 an enzycnopathy, while othecs conuider a possible hoemonat

efect.
Ad ¢

The heredity dara can be summarized as follows,

The disease can be associated wxch the anomaly of a single gene, situated m
the X-chromosome, ot with two genes, of which the one is situated 1n an
auasome of the father and the othier 1n the corresponding gene of the mother,
The single gene defect usually coucides wuth the absence, the double gene
defect usually wsth the presence of corneal cloudings TURPIN and LAFOUR-
CADE™ regard this as ehe confirmation of 2 well known rule that the o

dose (homozygousy condimon 15 mase extreme than the one dose (hetero-
zygous} condinon

Summanzing what hos been sad 10 2d, 3, b, ¢, d, and e, 1t may be said thae
the cruaal symptom connecting the dif]

f
e crucad ferent types of gaegoylsm 15 the
The varying sy mpromatal, Vi
gy corresponds with il
e pang #ymptora pond the varying distribution of

I .

bl; 1‘.:: d;c:‘s‘c great snglmﬂcance should be attributed to the disturbed meta-
€ mucopolysaccharides whether this be 2 primar

characterssuc, the cause of this condition 15 not yer kno‘\)\'n o sevondary

A strdang conditioning factor 15 the heredsty.

seems ¢o be less severe chan the homorygous on

The heterozygous condstion
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Chapter IN

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

A.  Duagnosi:
The diagnosuc crteria for the different types of gargoylism may be summa-
rized as follows.

Aboruve gases
Type Classic Type  TypusE  Cases much the disease
n s il stage

Gargoyl habitus + + +
Hurler's face + + *
Hepatomegaly + + *
Typical X-Ray findings + + +
Sella anomalses * ES ES
Contracrures + + *
Typical neuropsychiatric disturbances + — *
Cardiovascular sclerosis

Splenomegaly

Corneal cloudings

Tecth anomaltes

Macroglossta 4 - N

Nail anomalies

Hair anomalies

Herniae

Disturbance 1 labyeinth funcion
Reilly's anomaly

+ Present
— Absent
=+ Opuonal

The alpha-2 globulin fraction of the blood 1s commonly increased. The
determmnation of the nature and amount of mucopolysaccharides excreted
1n the urine 1s rmportant for diagnostic reasons However the determination
of this parameter is not yet possible sn most laboratories on account of the

technical difficulties involved.



Up to the present a simple and relisble method of demonstrating abnormal
mvpmviries of mucopolysacchatides in the urine is not ava:h‘o‘c.

—n mmncmeanhia

B Differentral dragnosis: . -
On account of the varied sympromatology there are points of contacts with
many othet diseases )
As such mention should be made of all conditions accompanied by:
1. Hydrocephalus
2, Hepatosplenomegaly. .
Cardiovascular sclerosts or congenital cardiac malformation.
Neurolpdosts, whether accompanied by reticulosis or pot
Enchondral dysostosss
Corneal cloudings
Opuc atrophy.
Sella enlargement,
Spastic diplegia
Infanule endocrine disturbances.
11 Ligamentary anomalies and joint affections.
12 Inborn errors of metabolism
13 Oligophreay, accompansed or not by dementa
14 Dwarfism
15 Leucocyuc granulation anomalies
Ad 1

B oo e

Pathological conditions i early youth which are accompamed by hydro-
cephalus include  hydrocephalus communicans as disease sut generis, toxo-
plasmosis horminis, obstructive-hydrocephalus as a result of meningis or
meningoencephalins, traumanc hydrocephalus, hydrocephalus as the resule
of cysternius chroniea productiva, hydrocephalus as the resule of a cerebral

tumour with obstrucion of the aquaeduct, ntra-ventricular twmours of the
third veniricle with occlusion of the foramina of Monto
Ad 2

Hepatosplenomegaly 1n early youth 15 seen 1n cases of congenutal syphilis,
slycogen-storage disease, defimte storage diseases, such as the disease of
Niernann-Pick, Gaucher's disease, chronic infecuous diseases, such as tuber-
culoss, malatra, certan benign and malignant reuculoses, cirrhosss of the

Iiner, amyloidosss, blood diseases such as chronic leukaemne and others
Ad 3

Cardiovascular anomalies are found 1n youth, i, for example, progena,
perarterius nodosa and congenital heare disease



Ad. 4,
Examples include: Tay-Sachs’s, Niemann-Pick’s and Gaucher's diseases

Ad. 5.
The most obvious example 15 the disease of MORQUIO*; also may be
mentioned further cystinosis'* and the disease of ELLIS-van CREVELD*.

Ad. 6.

Corneal cloudings have been described in ao angiokeratoma corporis dif
fusum Fabry %,

A detailed differential diagnosis s described by GASTEIGER and LIEBE-
NAM®,

Ad. 7.

Optic atrophy 1s seen 2.0 in oxycephaly; scaphocephaly; Leber's disease;
arachnitis chiasmatis, diffuse sclerosis, amaurotic idiocy; disease of Lawrence-
Moon-Biedl.

Ad. 8
Sella enlargement is found in intra-sellar tumours; suptasellar tumours;
hydrocephalus; some cases of cretinism, a.0.

Ad. 9.

Diplegia spastica mfantlis 1s seen 1n several neurological affections in youth,
as mamifestatton of the complicated syndrome of Little. One should be extre-
mely cautious n auributing such like symptoms to anoxia as a result of an
abnormal course of birth,

Ad. 10.
The differenttal diagnosis from creumsm may be parucularly difficult.

Ad. 11,
Amongst these may a0. be included arthrogryposts and Marfan's disease ™.

Ad. 12,
As examples may be mennoned Folling's disease, galactosaemia, cystenurea

20,

Ad. 13.
These mclude a0 mongolism, the disease of Tay-Sachs, phenylketonuria and

cretmnism.

Ad. 14,

Primary dwarfism should be distingusshed from the sccondary form Gar-
goylsm must be differenuated here from the discase of MORQUIO, the
disease of ELLIS-van CREVELD and cysunosis

As cxamples of other forms of secondary dwarfism may be mentioned
cercbral, hypophyseal, thyrogenic, gomadal, adrenal and renal dwarfism
Further 1t is scen in rickets, cystc fibrosis of the pancreas; infectious processes,



such as congemueal syphilis, tuberculosis and toxoplasmosis; and i many
uffections of unknown of liztle undesstood actiology.

Ad 13 . DANS
Heredueary anomaties of the white blood cells are descnbedf\ o. by JOR

1 is important to note here that in juvenile amaurouc idtocy vacuolar and

granuhae anomaties have been described tesembling those found in gar-
goplism ™,

MORQUIO'S DISEASE ,
As 15 stared 1n Chapter 11 the absence of storage phenomena mn M('Jl"l“"’.s
disease 15 accepted by most aurhors as important 1 the differenual dn.\g.nom
from gargoylsm As long as the contrary view has not been convincingly
proved, thus cricerion should be mantained

As stated 1n Chape. 11 and VI, thete are reasons for not considcring cotneal
cloudings as ewidence of accumulanon Accordingly, it scems incorrect o
change the dagnosis in an otherwise cleat case of Morquio’s disease to one
of gargoylism, as sooq as corneal cloudings appear. Looked at from this point
of view, the “"Spat-Hurler” type of ULLRICH" should consmute a form
of Morquio's disease,

What 15 more teluble than the presence or not of storage phenomena m
Morquio's disease, is the difference 1n general appearance in the tao diseases
kor, a5 1n gargoyle pavents there is also a smulanty in appearance i Mor-
quio-pattents

It 1s not easy to define precisely chus duff 0 general apy 3

In general 1t may be said that i gargoylsm sthenic features predommate,
shereas Morquio-patients give a less sthenic impression,

X-Ray findings cannor adequately differenuaee betwecn those two forms
However it may be menuoned that 1n Morguio's dwease the Hurler-face 15
absent, as also the anomaly of Reilly and possibly also the increase of the
alpha 2 globulin fraction 1n the blood serum, perbaps also the abnormal
Quanaty and quality of mucopolysaccharides in the urine 15 absent

Morquio's disease 15 further characeerized by hgamentacy hyperlaxity as
opposed o the hypolaxity 1n gargoylism

Morquio’s disease, 15, [ike gatgoylism, chasactenized by the recessive-autosomal
0; the recessive X-chromosomal hesedity, buc m addion this disease may
e v e it e rpciney i N’
m cases of gnrguyhs’m 8 from the frequently bad prognoss




Fig. 66.
Case XIX, Boy S, age 6 years.

CASE XIX
BOY S (Frg. G6) *
CASE HISTORY.

Paticnt 1s the first of two children.

Mp and m? are sisters, sm and m’ are undersized, fm is thought to be suf-
fering from disseminated sclerosis

At the age of one year the patent underwent a double-sided osteotomy for
knock-knees.

ENAMINATION (at G years)

Length 92 cms (~—22,3 cms), weighe 15,3 kg (—4,6 hg), largest skull cir-
cumference 52 cms (—0,7 cms), skull length width 17 14 ems

The head presents no abnormalities, the facial expression s asthenic.
Fusther inspection reveals. a short broad neck, marked kyphoscoliosts at
the level of the thoracolumbar junceion, a broad thorax with pigeon-chest,

* \We thank colleague B Bockwinke! that he gave us the opportunity fo examinc
this patient



genua valga and flat feet. The back is very hairy. The muscularure is poorly
developed

The hands and fingers are short and broad. The little fingers are radially
curved. There 15 a matked hyperlaxity of the ligaments of the wrist, hand
and fingerjoines (conceraina phenomenon).

The movements tn the elbows, shoulder and Anee joints are limited.

On shie-lamp examination no corneal cloudings are seen. The fund: oculi are
normal Hearing 1s normal Vesubular stimulation results in normal reactions.
Cardio-vascular examination reveals a murmur over all ostia, most pronoun-
ced oser the aorta The liver 1s juse palpable.

On neuropsychuatric examunation no abnormalities are found, apart from
immature asthenic psychomotiliy.

Fig 67 Fig 6
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Fig. 69,

Broad and shost metacarpals and
Dhalanges.

Couarse trabeculatton
Preudoepiphyss at metacarpal 1.
Potnted proximal ends of meta-
carpuls

Psychologtcal tests show an 1.Q of 96 resp. 119 (Stanfort-Binet, resp Pintner-
Cunningham).

Electroencephalographic examination yielded a somewhat irregular tracing
because alpha-rhythm 1s interspersed with cheta waves Further a marked
reaction to hyperventilatson 1s seen.

The EEG. is considered to be without clear abnormalities.

X-Ray fendings:

Skull- No anomalies

Thorax (Fig. 67). Sturdy clavicles, specially the sternal portion The ends of
the lower ribs are narrowed.

Vertebral column (Fig. 68): Genetalized platyspondylia Tongue-like pro-
cesses project from the aneerior surface of most of the vertebral bodies
Backward displacement of L 2 and L 3. Fish-hook shape of L 1 and 2.
Microspondylia of L 2. Kyphoscoliosis at the level of the thoraco-lumbar
juncuon,

Pelvis. High and small 1 shape. Coxae valgae et magnae,

Hands (Fig. 69). Broad, shore metacarpals and phalanges with coarse du-
physiary trabeculation, running pointedly from the proximal ends of some
of the metacatpals, Pseudoepiphysis ar metacarpal I, Cone-shaped phalanges.
There are stx carpal centses of ossification wisible

Laboratory findings:

Blood-serum was normal 1o respect to the following derermxnanqns calcium
(10,6 mg ¢), phosphorus (3,6 %), cholesterol (240 mg %), acid phospha-
qasis (2,5 KA U), atkaline phosphatasis (9 KA U) Protein spectrum of the



bloodserum is normal regarding the following values. calcum (10,6 mg%%),
phosphorus (3,6 96), cholesterol (240 mg %?, acid phosphatasis (2,5 KA U),
alkahme phosphatasis (9 KA U) Protein spectrum of the blood serum deter-
mined by means of paper-electrophoresis: albumin: 66,4 %, alpha 1 globulin
14%; alpha 2 globulin 8,6%, beta globulin 61%; gamma globulin 17,5%
The routine blood and urine exammation is normal. Reilly’s anomaly is
not present

Dugnosss Morquio's dusease.

The dragnosis is based on the following considerations

1 The typical Morgmo-habitus

2 The absence of the Hutler-face,

3 Absence of storage phenomena,

4. Generalired placyspondylia.

5 Ligamentary hypolaxity,

Ad 3

Apart from the absence of ph indicati Lipid the under-
weight also suggess an absence of storage.

The liver, however, 15 just palpable. Should this be arributed 0 displacement
by the thoracical deformuy?

WIEDEMANN 15 of opinion thar Morquio’s disease may be accompanied
by lver enlargement or other storage phenomena.

Liver biopsy should 1n our opinion be the procedure of choice i the setching
of this question




SUMMARY

The term GARGOYLISM represents a syndrome of which there are a number

of types.

Typus E, distinguished from the classical type by C. de LANGE and WOL-

TRING, s characterized by an absence of neurolipidosis and the clintcal

symptoms associated with this condition. Clinically typus E scems to carry

a more favourable life expectancy and neurological complications and mental

deterioration are not detectable, Stnce in both the classical type and in typus E

deafness and sella anomalies may occur, 1t appears that the primary caust

of these signs should not be sought for in the neurolipidosis The classical

type is accompanied by an excess of mucopolysaccharides and gangliosides,

but 1 typus E, on the other hand, the latter 1s probably absent

There 15 much variety 10 the clintcal picture, the most promment featurc

being the typical gargoyle habitus; all other signs are facultanve

A clinical mvesugation of eghteen patients resulted in the discovery of a

number of signs which have not, to the best of our knowledge, been described

1n the lcerature, these are namely, leukonychua, a dissoctated functional distur-

bance of the eighth nerve, and an association of a small degree of cranual

enlargement with mesocephaly.

The neuropsychratrsc features may be summarized as follows.

1. A progressive deterioranon process preceded by oligophrenta

2. A slowly progressive neurological condition, finally resulung in a spastic
tetrapatesss or tetraplegia and cortical, subcorucal, striate and bramnstem
lestons.

3, Hydrocephalus 1n the great majority of cases.

There was much vasiation 1 the neuropsychiatric picture, for example apathy,

as well as erethic patterns of behaviour were found Simularly both motor

inertia and restlessness were to be observed,

A rather frequently encountered phenomenon was an increased oculopalpebral

reflex with extension of its reflexogenic zone

Primiuve oral Iibidinous behaviour characterstics were often preseat in the

later stages of the disease.



The part played by the reticulo-endothelial system in ¢he disca.sc as a nhole

s not easily understood. Anomaltes of the RES were present in most cases.

Clinico-pathological comparisons brought the following facts to light

2 Corneal cloudings ate not necessarily evidence of the presence of gargoyle
cells i the cornea,

b In our matenal a cotrelation was found berneen the degree of cranial
enlargement and ventricutar dilation,

From the biochemical standpoint the disease 1s assocated with either a primary

or secondary metabolic distutbance of mucopolysaccharides, the cause of

which is unknown

In this publicanion a sex-inked case of gargoylism is presented which was

complicated by corneal cloudings, a phenomenon believed previously to be

varably lacking in these cases; 1t is concluded that as a rule the homo-

zygous condition 15 more extreme than the heterozygous one, owing to the

fact that the former 1s characterized by 2 higher incidente of cornea cloudings

and a poarer life expectancy It 1s not considered proven that the homozygous

cndion 15 ae d by 2 hugher sncid of hesnng defecss.

The disease of Morquio, although 1n many respects an allied disorder, has s

own typcial characteristics and therefore should be distnguished from gar-
goylsm
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SUMMARY

The term GARGOYLISM represents a syndrome of which there are a numbet
of types.

Typus E, distinguished from the classical type by C de LANGE and WOL-
TRING, is characterized by an absence of neurolipidosis and the clinical
symptoms associated with this conditron  Chinically typus E seems to carry
a more favourable life expectancy and neurological complications and mental
deterioratjon are not detectable. Since 1n both the classical type and in typus E
deafness and sella anomalies may occur, it appears that the primary cause
of these signs should not be sought for i the neurolipidosss. The classical
type 15 accompanted by an excess of mucopolysaccharides and ganghosides,

~=vhazntheezhand,.the_later. 15 probably absent.
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The part plaged by the rericulo-endothelial system in the disease as a whole

s not easily understood Anomalies of the RES were present in most cases.

Cluco-pathological comparisons brought the following facts to light.

2. Corneal cloudings ate not necessarily evidence of the presence of gargoyle
cells in the cornea.

b In our material a correlation was found between the degree of cranial
enlargement and ventncular dilation.

From the biochemical standpoint the dsease is associated with either a primary

of secondaty metabolic disturbance of mucopolysaccharides, the cause of

which is unknown,

In this publication a sex-linked case uf gargoylism is presented which was

licated by corneal J agp believed previously to be
mVambly lacking in these cases, it |s concluded that as a rule the homo-
fygm:s mvndn‘mn is mare extreme than the hetetozygous one, owing to the

WBLLION 1§ accompamed by 2 tugher incidence of hearing defets

The disease of Morquio, , although in many respects an allied disorder, has its
own typeral ch 2nd therefore should be &
goylism
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