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Summary. A case of fatal familial  in t rahepat ic  cholestasis (Byler disease) 
developed a neu romuscu la r  syndrome similar to that  in experimental  v i tamin  
E deficiency and  abeta l ipoprote inemia ,  and  died of hepatic and  cardiac 
failure. Serum vi tamin  E level was extremely low. Autopsy  revealed intrahe-  
patic cholestatic cirrhosis wi thout  obli terative lesions in the bile duct  system 

and marked splenomegaly with splenoma-l ike nodules.  The other pathologi-  
cal lesions were considered to be due to chronic  v i tamin  E deficiency caused 
by fa t -malabsorpt ion .  They included almost  all of the lesions previously 
described in the studies of exper imental  v i tamin  E deficiency as follows: 
1. Mi tochondr ia l  changes especially of the hepatocyte and cardiac muscle. 
2. Card iomyopathy .  3. Myopathy .  4. Vasculopathy.  5. Systemic l ipofuscino- 
sis. 6. Lesions of the reproduct ive and endocr ine  organs. 7. Kyphoscol iosis  
and pes cavus. 8. Systemic neuroaxona l  dyst rophy with peripheral  neuropa-  
thy. 

Key words: In t rahepat ic  cholestasis - Vi tamin  E deficiency - Mi tochondr i a  
- Ca rd iomyopa thy  - Lipofuscin 

Fatal familial intrahepatic cholestasis is a rare but well recognized clinical entity, which was first 
described in an Amish kindred named Byler, and is called Byler disease after them (Clayton 
et al. 1965 and 1969). Thereafter, 12 other families of varied ethnic and racial backgrounds were 
reported (Schubert 1965, Juberg et al. 1966; Gray and Saunders 1966; Hirooka and Ohno 1968; 
Linarelli et al. 1972; Williams et al. 1972; Odawara and Shiraki 1972; Ballow et al. 1973; Odievre 
et al. 1973; Dahms 1979). Persistent cholestasis in Byler disease caused chronic deficiency of fat- 
soluable vitamins, induced ricket due to vitamin D deficiency, and haemorrhagic diathesis due 
to vitamin K deficiency in about a half of the reported cases. However, symptoms due to chronic 
vitamin E deficiency have been described in none of these cases. The authors experienced a case 
of Byler disease that developed a neuromuscular syndrome similar to that in experimental vitamin 
E deficiency (Einarson 1952), abetalipoproteinemia (Schwartz et al. 1963) and chronic liver disease 
in infancy (Rosenblum et al. 1981). 
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T h e  p a t i e n t  d i e d  o f  h e p a t i c  a n d  c a r d i a c  fa i lu re .  S y s t e m i c  p o s t m o r t e m  e x a m i n a -  

t i o n  d e m o n s t r a t e d  f u l l - b l o w n  c h r o n i c  v i t a m i n  E d e f i c i e n c y  i n c l u d i n g  a l m o s t  

all  o f  t he  l e s ions  p r e v i o u s l y  d e s c r i b e d  in t he  s t u d i e s  o f  e x p e r i m e n t a l  v i t a m i n  

E de f i c i ency ,  in  a d d i t i o n  to  t yp i ca l  h e p a t i c  l e s ions  o f  By le r  d i sease .  

Case Report 

The patient was the second child, born after 38 weeks of gestation weighing 2,130 g. Her brother 
died of hepatic failure at 34 months after a long history of jaundice. Her parents were first cousins. 
No hepatic disorder was noted in the other members of her pedigree, although, her mother com- 
plained of pruritus during the course of pregnancy. 

Steatorrhoea was noticed soon after her birth, jaundice one week and pruritus 2 months later. 
Laparotomy at 6 months revealed normal extrahepatic bile ducts, and histological findings of the 
liver biopsy were interpreted as cholangiolitis. She complained of fever and increasing jaundice 
at 18 months, and was diagnozed as pyelonephritis. She became able to walk at 24 months. Intrave- 
nous pyelography at 3 years incidentally disclosed choMithiasis. Cholecystectomy was performed 
10 months later. Ascites developed postoperatively, and relieved by albumin transfusion and adminis- 
tration of diuretics. Thereafter, ascites and increasing jaundice were noted once or twice in a 
year during the episodes of diarrhea and fever. Developmental retardation and persistent pruritus 
were her continuing problems: 

Staggering gait and weakness of the lower limbs were first noted at 9 years. Examination 
of serum vitamin E at 10 years disclosed an extremely low level (0.06 mg/dl, normal 0.8-1.5 mg/dl), 
and administration of fat-soluable vitamins including vitamin E (100 rag/day) was maintained there- 
after. However, she became unable to stand without support at 11 years, and examination of 
the ocular fundi because of visual disturbance revealed retinitis pigmentosa. 

At 12 years, she was admitted to Jichi Medical School Hospital. Her Fanconi index was 
67%. Her intelligence quotient was 55. Vascular spiders were present in the face. The liver was 
palpable 1 cm below the right costal margin, and spleen 15 cm below the left costal margin. Both 
iliac joints were dislocated. Muscles of the legs were atrophic. Both foot joints were contracted 
with pes cavus formation. Laboratory examination revealed anaemia (Hb 7.3 g/dl), thrombocyto- 
paenia (58 x 103/mm3), increased serum bilirubin (5.0 mg/dl, direct 3.9 mg/dl), normal serum choles- 
terol (148 mg/dl) and elevated alkali phosphatase activity (22.4 Bodansky Units). The serum cerulo- 
plasmin, copper and alphal-antitrypsin levels were slightly elevated. Liver biopsy disclosed bridging 
fibrosis and cholestasis without obliterative changes in the cholangioles. She was diagnozed as 
fatal familial .intrahepatic cholestasis (Byler disease). Neurological examination at 13 years revealed 
absent deep reflexes, decreased vibratory sensation, cerebellar symptoms and ophthalmoplegia. 
Her visual acuities of both eyes were 0.03. No color blindness was noted. 

At the time of her last admission in July 1980, her height was 131 cm and weight 37 kg 
with generalized oedema. Laboratory examination revealed pancytopaenia (Hb 6.8 g/dl, WBC 
2,600/ram 3, Platelet 29 x 103/mm 3) hypoproteinaemia (4.0 g/dl), markedly increased serum bilirubin 
(23.9 mg/dl, direct 13.2 mg/dl) and extremely low choline esterase activity (0.01 delta pH). The 
heart was moderately enlarged with a systolic murmur (Grade 3/4). Symptomatic therapy temporarily 
relieved her complaints, and her weight fell to 34 kg. However, cardiac failure with Q waves 
in ECG developed 2 months later. She died after an attack of fever at 17 years and 8 months. 

Materials and Methods 

An autopsy was performed 2 h after her death. Examination of the retina and extremities was 
not permitted. Small tissues of the liver, heart and brain for electron microscopic study were 
fixed in 2% buffered glutaraldehyde, and post-fixed in 1% OsO~. Sections from each organs 
were fixed in 10% formalin, embedded in paraffin and stained by H-E, Azan-Mallory, Masson 
trichrome, Elastica van Gieson, Orcein, Gomori's reticulin, PAS, PAM, Luxol fast blue, Sudan 
black, Prussian blue, Kossa method for calcium, rubeanic acid method for copper, and prolonged 
Ziehl-Neelsen Method. Unstained sections were examined by UV-light. Frozen sections of the 
heart and skeletal muscles were stained by Sudan III, Sudan black and Nile blue. 
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Results 

The following lesions were demonstrated by pathological examination. 

Intrahepatic Cholestatic Cirrhosis. The liver was moderately enlarged and 
weighed 1,120 g. The surface was finely granular. The large bile ducts were 
normal except for cholecystectomy. Histologically, extensive bridging fibrosis 
divided the liver parenchyma (Fig. 1 a). Mild round cell infiltration was present 
both in the septa and the portal triads. The cholangioles were empty without 
obliterative change. Numerous bile casts were seen between the liver cell cords 
showing tubular formations. Degenerative hepatocytes were scattered in the 
centers of the pseudolobules. The cytoplasms of the other hepatocytes were 
swollen and contained bile, a small amount of lipofuscin and haemosiderin 
granules. 

Electron microscopically peculiar, highly electron-dense, lamellar, curved 
structures were noted in the cytoplasm of the degenerative hepatocytes (Fig. 1 b). 
In the swollen hepatocytes, a striking increase of enlarged mitochondria was 
observed. Endoplasmic reticulum was markedly reduced (Fig. 1 c). Mitochondri- 
al enlargement was also seen in the cholangiolar epithelium. 

Splenomegaly with Splenoma-Like Nodules. The spleen was markedly enlarged 
and weighed 600 g. Several brown nodules up to walnut in size without a 
fibrous capsule were noted between the foci of old and recent haemorrhages 
(Fig. 2a). Histologically, nodules were composed of thin medullary cords and 
irregular shaped sinuses (Fig. 2b). Lymphocytes were sparse and no lymph 
follicle existed within these nodules. 

Cardiomyopathy. The heart was moderately dilated, enlarged and weighed 250 g. 
Histologically, numerous foci of small scars and fresh myocardial necroses were 
distributed in the inner layer of the myocardium of both ventricles (Fig. 3a). 
Remaining myocardial fibers were clear and contained numerous minute fat 
droplets and a moderate amount  of lipofuscin granules. The conducting system 
was intact. No luminal stenosis was noted in the coronary arteries. No mural 
thrombosis was revealed, although mild fibroelastosis was seen over the right 
atrial endocardium. 

Electron microscopically, mitochondria in clear muscle fibers were enlarged, 
apparently increased in number and contained many electron-dense bodies. 
Electron-dense, tubular configurations probably derived from mitochondrial 
criatea were observed within the mitochondria of the degenerative myocardial 
fibers (Fig. 3 b). 

Myopathy. Psoas, pectoralis, intercostal and axillary muscles and diaphragm 
were histologically examined. In all of the examined muscles, irregularity in 
fiber sizes was prominent, and over a half of the muscle fibers were round 
with central nuclei in transvers sections. Numerous minute fat droplets and 
occasional lipofuscin granules were present within these muscle fibers (Fig. 4 a). 
Foci of hyaline necroses were scattered in the psoas (Fig. 4b). No group atrophy 
was observed in the muscle fibers. 
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Fig. l a-e. Hepatic lesions, a Liver parenchyma is divided by thin septa rich in elastic fibers. 
Pseudolobules are small. Scattered minute dark dots are bile casts. EVG, x 25. b A peculiar, 
electron-dense, lamellar, curved structure in a degenerative hepatocyte, x 16,600. c Marked increase 
of enlarged mitochondria in swollen hepatocytes. Electron-dense bodies in mitochondria are in- 
creased in number, x 4,000 
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Fig. 2a, b. Splenic lesions, a The largest nodule in the subcapsular region of the spleen compressing 
the surrounding parenchyma. Reticulin, x 3. b Thin medullary cords and dilated sinuses in the 
nodule with sparse lymphocytes. An arteriole and dilated sinus are in direct communication (arrow). 
Reticulin, x i50 

Fig. 3 a, b. Cardiomyopathy. a A myocardial scar surrounded by degenerative cardiac muscle fibers. 
Azan-Mallory, x 75. b Electron-dense, tubular structures in mitochondria of  a degenerative muscle 
fiber, x 20,000 
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Fig. 4a, b. Myopathy. a Numerous minute fat droplets in a muscle fiber of the psoas. The larger 
granule (arrow) is a lipofuscin granule. Frozen section, Sudan black, x 700. b Irregularity in fiber 
sizes and a focus of hyaline necrosis of the muscle fibers in the psoas. Azan-Mallory, x 150 

Vasculopathy. Disruption of the inner layer of the arterial walls (Fig. 5a), single 
cell necrosis of the medial smooth muscle cells and focal transmural fibrosis 
of the media were noted in the small branches of the coronary, pulmonary,  
renal, pancreatic, hepatic and femoral arteries. In addition, there were foci 
of  angiomatoid proliferation of the sinusoidal vessels around the pulmonary 
arterioles. Elastic lamellae of the larger arteries were focally calcified and frag- 
mented. Fibrinoid necrosis of the arteriole was not observed. 

Electron microscopic examination of the capillaries of  the brain stem and 
myocardium demonstrated deposition of lipofuscin granules in the endothelium 
along with mitochondrial enlargement (Fig. 5b). 

Systemic Lipofuscinosis. In addition to lipofuscinosis of the hepatocyte, cardiac 
and skeletal muscles and vascular endothelium, systemic examination disclosed 
brown pigment deposition in all of the smooth muscle cells including vascular 
smooth muscle cells. The pigments were consistent with lipofuscin, since they 
were acid-fast by prolonged Ziehl-Neelsen method, argyrophile, PAS-, Luxol 
fast blue- and Sudan black-positive, and showed yellow autofluorescence by 
UV-light. Lipofuscinosis was most  prominent  in the oesophageal wall (Fig. 6 a). 
Almost all of  the epithelial cells except for those of  the gastrointestinal and 
genitourinary mucosae and epidermis also contained small amount  of lipofuscin 
granules. Among the endocrine organs, lipofuscinosis was severest in the adrenal 
cortex. Macrophages in the lymph nodes contained a large amount  of lipofuscin, 
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Fig. 5a, b. Vasculopathy. a Disruption of the inner layer of a hepatic arterial branch. EVG, x 60. 
b Lipofuscin granules along with mitochondrial enlargement in a capillary endothelium of the 
brain stem. x 7,500 

Fig. 6a, b. Lipofuscinosis. a Marked lipofuscinosis of the oesophageal wall. PAS, x 240. b Lipopig- 
merit granules in axillary fat cells showing reticular cytoplasm. Sudan black, x 600 
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Fig. 7a, b. Endocrine lesions, a Fibrosis of the thyroid with round cell infiltration. HE, x 75. 
b Marked swelling of the beta cells in the adenohypophysis with a hyaline globule in a cytoplasm 
(arrow) HE, x 300 

although lipofuscinosis of the spleen and bone marrow was slight. Fat cells 
had reticular cytoplasm and a few pigment granules similar to hibernating 
gland and human hibernoma (Fig. 6b). 

Lesions of the Reproductive and Endocrine Organs. Atretic follicles were scattered, 
and no corpus albicans existed in the ovaries, although the patient had irregular 
menstruation. The endometrium was atrophic, and the myometrium was brown 
in color due to lipofuscinosis. The breasts were normal. The thyroid was small 
and revealed scattered foci of interstitial fibrosis with mild round cell infiltration 
(Fig. 7a) and focal C-cell hyperplasia. The parathyroids were hyperplastic. Hy- 
perplasia of the islets were noted in the pancreas. Both adrenal cortices were 
atrophic. In the adenohypophysis, the alpha cells were apparently increased 
in number, and the cytoplasms of the beta cells were enlarged with occasional 
hyaline globules (Fig. 7b). Spheroids due to axonal dystrophy were scattered 
in the neurohypophysis. 

NeuropathologicaI Findings. Systemic axonal dystrophy involving the basal gan- 
glia, grey matter of the spinal cord and dorsal root ganglia in addition to 
the nuclei of the brain stem, and degeneration of the posterior column, spinocere- 
bellar tract and posterior roots of the spinal cord, peripheral neuropathy and 
marked neuronal lipofuscinosis were the main neuropathological lesions. De- 
tailed neuropathology will be described in a separate report. 



Vitamin E Deficiency in Byler Disease 327 

Other Findings. Mild kyphoscoliosis, osteoporosis and hyperplasia of haemato- 
poiesis were noted in the vertebrae. No rachitic change was observed. Hyperkera- 
tosis of the epidermis and sclerosis of the dermis were seen in the skin. There 
were scars of pyelonephritis in the kidneys. 

Discussion 

The cause of cholestasis in Byler disease has been considered to be due to 
disturbance in bile transport across the canalicular membrane, since no oblitera- 
tive lesion of the bile duct system has been demonstrated in the reported cases. 
Abnormality of bile acid metabolism leading to accumulation of lithocolic acid 
in the bile and serum of the patients was reported as a possible cause of 
canalicular damage in subsequent studies (Linarelli et al. 1972; Williams et al. 
1972). The peculiar, electron-dense, lamellar configurations discerned in the 
present study along with infantile cholelithiasis both in the present case and 
3 other cases of Byler disease (Schubert 1965; Odievre etal .  1973) may be 
related to bile acid abnormality. 

Chronic fat-malabsorption due to persistent cholestasis induced chronic defi- 
ciency of fat-soluable vitamins in Byler disease. However, clinical symptoms 
in Byler disease has been ascribed to chronic vitamin E deficiency in none 
of the reported cases. 

Vitamin E deficiency is a cause of hepatocellular necrosis in swine (Porta 
et al. 1968), and may be an another factor contributing to the hepatic damage 
in the present case. Our observation of mitochondrial abnormalities such as 
enlargement and increase in number were consistent with the previous descrip- 
tions in the studies of experimental vitamin E deficiency in hepatocyte (Riede 
et al. 1972), dystrophic neuronal axon (Schochet 1971), endotheliun (Fischer 
and Nelson 1973), smooth muscle (Yarrington and Whitehair 1975), skeletal 
muscle (Dahlin et al. 1978) and cardiac muscle (Van Vleet et al. 1977). 

Cardiomyopathy in vitamin E deficiency has been studied mainly in the 
field of veterinary medicine (Oksanen and Poukka 1972; Van Vleet et al. 1977). 
In human pathology, cardiomyopathy was the direct cause of death in 2 autopsy 
cases of abetalipoproteinaemia (Sobrevilla et al. 1964; Dische and Porro 1970), 
which was also characterized by chronic fat-malabsorption and low serum vita- 
min E level without hepatic disorder (Herbert et al. 1978). Cardiac enlargement 
was also described in Byler disease (Juberg et al. 1966) and mucoviscidosis 
(Sung 1964). 

Myopathy in experimental vitamin E deficiency has been studied since 1931 
(Goettsch and Pappenheimer). Myopathic lesions in human fat-malabsorption 
was first described in mucoviscidosis (Oppenheimer 1956). Gait disturbance 
in an older patient with Byler disease (Juberg et al. 1966) may be related to 
myopathy and neuropathy caused by vitamin E deficiency. A recent report  
described clinical improvement of myopathy in a patient with infantile intrahe- 
patic cholestasis after administration of a large dose of vitamin E (Tomashi 
1979). 

Vasculopathy in vitamin E deficiency was extensively considered after discov- 
ery of vasculogenic cerebellar lesions in chicks (Wolf and Pappenheimer 1931). 
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Fibrinoid necrosis of the arterioles was shown in subsequent studies. Endothelial 
damage was described as the cause of the vascular lesions (Van Vleet et al. 
1977). Degeneration of the smooth muscle cells (Yarringt0n and Whitehair 
1975) may be another factor contributing to the vasculopathic lesion in vitamin 
E deficiency. The pulmonary arteriolar lesion in the present case resembled 
angiomatoid lesion in pulmonary hypertension. Pulmonary hypertension was 
noted in chronic obstructive liver disease (Rosenblum et al. 1981), although 
no vasculopathic lesion has been thus far identified in human chronic fat- 
malabsorption. 

Lipofuscinosis in human fat-malabsorption has been reported in mucovisci- 
dosis (Kerner and Goldbloom 1960), congenital biliary atresia (Sung and Stadlan 
1966), abetalipoproteinaemia (Dische and Porro 1970) and Byler disease (Dahms 
1979). However, systemic study including skeletal muscle, endocrine organs, 
fatty tissue and nervous system has been performed in none of the human 
material. The present study confirmed the same extensive lipofuscinosis as the 
results of old experiments (Menschik et al. 1949; Einarson 1952), although cyto- 
toxicity of lipofuscin accumulation was not apparent. 

Lesions of the reproductive and endocrine organs in experimental vitamin 
E deficiency (Lee 1960) resembled those in the present case. The beta cell 
lesion seen in the present study probably reflects increased activity of FSH 
and TSH cells noted in an animal experiment (Ichihara 1969) secondary to 
ovarian and thyroid damage. No lesion in endocrine organs has been thus 
far documented in human vitamin E deficiency. 

The neurological syndromes and neuropathological lesions of the present 
case also closely resembled those in experimental and human vitamin E defi- 
ciency (for references, see Rosenblum et al. 1981). 

Chronic deficiency of fat-soluable vitamins other than vitamin E seems to 
have caused morphological changes in the present case. Kyphoscoliosis and 
deformity of foot joint were observed in pure vitamin E deficiency (Einarson 
1952). However, chronic vitamin D deficiency must taken into consideration 
as another cause of other bone and joint deformities such as retardation in 
bone growth and dislocation of the iliac joint. Hyperplasia of the parathyroid 
glands due to vitamin D deficiency may be the cause of osteoporosis, metastatic 
calcification and C-cell hyperplasia of the thyroid. Hyperkeratosis of the epider- 
mis may be sequalae to vitamin A deficiency. The severe visual disturbance 
noted in the present case may partly be related to vitamin A deficiency, since 
combined vitamin E and A deficiency is known to cause marked neuronal 
loss in the retina of rats when compared with pure vitamin E deficiency (Robison 
et al. 1980). 

The nodules in the spleen of the present case resembled hamartomatous 
splenomas (Ross and Schiller 1971), although the effects of longstanding portal 
hypertension and vasculopathy due to vitamin E deficiency must also taken 
into consideration as possible causes of these lesions. Splenoma complicated 
by portal hypertension was once reported (Bhagwat et al. 1975). 

Our systemic examination demonstrated almost all of the lesions documented 
in the previous studies of experimental vitamin E deficiency. Administration 
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o f  v i t a m i n  E a f te r  the  age  o f  10 years  was  u n a b l e  to  p r e v e n t  the  d e v e l o p m e n t  

o f  these  v a r i e g a t e d  les ions  in the  p r e sen t  case. T h e  a u t h o r s  c o n s i d e r  t ha t  supp le -  

m e n t a t i o n  o f  f a t - s o l u a b l e  v i t amins ,  e spec ia l ly  v i t a m i n  E,  s h o u l d  be  s t a r t ed  in 

ear ly  i n f ancy  in c h i l d r e n  w i t h  pe r s i s t en t  f a t - m a l a b s o r p t i o n  due  to  severe  cho le s t a -  

sis, m u c o v i s c i d o s i s  a n d  a b e t a l i p o p r o t e i n a e m i a .  

References 

Ballow M, Margolis CZ, Schachtal B, Hsia YE (1973) Progressive familial intrahepatic cholestasis. 
Pediatrics 51 : 998-1007 

Bhagwat AG, Datta DV, Mitra S, Aikat BK (1975) Splenoma with portal hypertension. Br Med 
J 3:540 

Clayton RJ, Iber FL, Ruebner BH, McKusick VA (1965) Byler's disease: fatal familial intraheptaic 
cholestasis in an Amish kindred. J Pediatr 67:1025-1027 

Clayton RJ, Iber FL, Ruebner BH, McKusick VA (1969) Byler disease: fatal familial intrahepatic 
cholestasis in an Amish kindred. J Dis Child 117:112 124 

Dahlin KJ, Chan AC, Benson ED (1978) Rehabilitating effect of vitamin E therapy on the ultrastruc- 
tural changes in skeletal muscles of vitamin E deficient rabbits. Am J Clin Nutr 31:94-99 

Dahms BB (1979) Hepatoma in familial cholestatic cirrhosis of childhood. Arch Pathol Lab Med 
103:30-33 

Dische MR, Porro RS (1970) The cardiac lesions in Bassen-Kornzweig syndrome: report of a 
case, with autopsy findings. Am J Med 49:568-571 

Einarson L (1952) Criticizing review of the concepts of the neuromuscular lesions in experimental 
vitamin E deficiency, preferably in adult rats. Acta Psychiatr Neurol Scand (Suppl) 78:9-76 

Fischer VW, Nelson JS (1973) Cerebrovascular changes in tocopherol-depleted chicks, fed linoleic 
acid. J Neuropathot Exp Neurol 32:474 483 

Goettsch M, Pappenheimer AM (193l) Nutritional muscular dystrophy in the gunea pig and rabbit. 
J Exp Med 54:145-165 

Gray OP, Saunders RA (1966) Familial intrahepatic cholestatic jaundice in infancy. Arch Dis 
Child 4l : 320-328 

Herbert PN, Gotto AN, Fredrickson DS (1978) Familial lipoprotein deficiency. In: Stanbury JB, 
Wyngaarden JB, Fredrickson DS (eds) The metabolic basis of inherited disease. Chap 28, 
McGraw-Hill, New York, pp 543-588 

Hirooka M, Ohno T (1968) A case of familial intrahepatic cholestasis. Tohoku J Exp Med 
94:293-306 

Ichihara I (1969) Electron microscopic studies of anterior pituitary glands of vitamin E-deficient 
male mice. J Anat 104:455-465 

Juberg RC, Holland-Moritz RM, Henley KS, Gonzalez CF (1966) Familial intrahepatic cholestasis 
with mental and growth retardation. Pediatrics 38:819-836 

Kerner I, Goldbloom RB (1960) Investigation of tocopherol deficiency in infancy and childhood. 
AMA J Dis Child 99:597-603 

Lee SC (1960) Studies of the injury of reproductive and endocrine organs in vitamin E deficiency. 
Vitamins (Kyoto) 21:528-537 

Linarelli LG, Williams CN, Phillips MJ (1972) Byler's disease: fatal familial intrahepatic cholestasis. 
J Pediatr 81 : 484-492 

Menschik Z, Munk MK, Rogalski T, Rymaszewski O, Szczesniak TJ (1949) Vitamin E studies 
on mice with special reference to the distribution of lipids. Ann NY Acad Sci 52:94.103 

Odawara M, Shiraki K (1972) Two cases of familial intrahepatic cholestasis of infancy. Acta 
Hepatol Jpn 13:164.169 

Odievre M, Gautier M, Hadchouel M, Alagille D (1973) Severe familial intrahepatic cholestasis. 
Arch Dis Child 48 : 806-812 

Oksanen A, Poukka R (1972) An electronmicroscopic study of nutritional muscular degeneration 
(NMD) of myocardium and skeletal muscles in calves. Acta Pathol MicrobioI Scand [A] 
80:440 448 



330 K.Saito et al. 

Oppenheimer EF (1956) Focal necrosis of striated muscle in an infant with cystic fibrosis of 
the pancreas and evidence of lack of absorption of fat-soluable vitamins. Bull Johns Hopkins 
Hosp 98 : 353-360 

Porta EA, de la Igresia FA, Hartroft WS (1968) Studies on dietary hepatic necrosis. Lab Invest 
19 : 283-297 

Riede UN, Stinny C, Althaus S, Rohr HP (1972) Ultrastrukturell-morphometrische Untersuchungen 
der Rattenleberparenchymzelle nach chronischer Vitamin-E-Mangeldi~it. Beitr Pathol 145: 24-36 

Robison WG Jr, Kuwabara T, Biere JG (1980) Deficiency of vitamin E and A in the rat: retinal 
damage and lipofuscin accumulation. Invest Ophthatmol Vis Sci 19:i030-1037 

Rosenblum JL, Keating JP, Prensky AL, Nelson JS (1981) A progressive neurologic syndrome 
in children with chronic liver disease. N EngI J Med 304:503-508 

Ross CF, Schiller KER (1971) Hamartoma of the spleen associated with thrombocytopeneia. J 
Pathol 105:179-183 

Schochet SS Jr (1971) Mitochondrial changes in axonal dystrophy produced by vitamin E deficiency. 
Acta Neuropathol (Berl) Suppl V : 54-60 

Schubert WK (1965) Byler's disease: fatal familial intrahepatic cholestasis in an Amish kindred 
(Discussion). J Pediatr 67:1027 

Schwartz JF, Rowland LP, Eder H, Marks P, Osserman EF, Hirschberg E, Anderson H (1963) 
Bassen-Kornzweig syndrome: deficiency of serum betalipoprotein. Arch Neurol 8:438-454 

Sobrevilla LA, Goodman ML, Kane CA (1964) Demyelinating central nervous system disease, 
macular atrophy and acanthocytosis (Bassen-Kornzweig syndrome). Am J Med 37:821-828 

Sung JH (1964) Neuroaxonal dystrophy in mucoviscidosis. J Neuropathol Exp Neurol 23:567-583 
Sung JH, Stadlan EM (1966) Neuroaxonal dystrophy in congenital biliary atresia. J Neuropathol 

Exp Neurol 25 : 341-361 
Tomashi LG (1979) Reversibility of human myopathy caused by vitamin E deficiency. Neurology 

29:1182-1186 
Van Vleet JF, Ferrans VJ, Ruth GR (1977) Ultrastructnral alterations in nutritional cardiomyopathy 

of selenium-vitamin E deficiency swine. Lab Invest 37:188-211 
Williams CN, Kaye R, Baker L, Hnrwitz R, Senoir JR (1972) Progressive familial cholestatic 

cirrhosis and bile acid metabolism. J Pediatr 81:493-500 
Wolf A, Pappenheimer AM (1931) The histopathology of nutritional encephalomalacia. J Exp 

Med 54 : 39%406 
Yarrington JT, Whitehair CK (1975) Ultrastructure of gastrointestinal smooth muscle in ducks 

with a vitamin- E-selenium deficiency. J Nutr 105:782-790 

Accepted April 13, 1982 


