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Clinical Reports

Progressive encephalopathy in a Crohn's disease patient
on long-term total parenteral nutrition: possible
relationship to selenium deficiency
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Kosei Doi, Kunihiko Aoyagi and Masatoshi Fujishima

Second Department ofInternal Medicine, Faculty ofMedicine, Kyushu University, 3-1-1 Maidashi,
Higashi-ku, Fukuoka City, Japan 812

Summary: The case of a patient with Crohn's disease complicated by progressive and irreversible
encephalopathy, who had been on long-term total parenteral nutrition due to short bowel syndrome, is
described. He initially experienced a disturbance ofhis vision, which was followed by various neurological
symptoms during the next 3 years. These symptoms rapidly progressed until he finally developed
consciousness disturbance. He also manifested erythrocytic macrocytosis, a low serum level of
tri-iodothyronine and a high level of thyroxine. His blood levels of various trace minerals and vitamins
were normal, except for selenium, which showed extremely low values. In addition, impaired plasma
glutathion peroxidase activity was confirmed. After intravenous supplementation of selenium, macro-
cytosis, tri-iodothyronine and thyroxine values, and glutathione peroxidase activity all became
normalized, yet he improved little neurologically.
Our case suggests that long-term selenium deficiency may cause progressive and irreversible

encephalopathy, and that careful monitoring of this mineral is necessary when an excessive period of total
parenteral nutrition is being considered in the clinical setting.

Introduction

Selenium is a well-known trace mineral needed in
humans and in animals. While at least 13 seleno-
proteins have been identified in animals, this
mineral has been described as being an essential
element of an enzyme glutathione peroxidase
(GSH-Px) in humans.' More recently, it has been
reported that selenium deficiency causes impair-
ment in conversion of L-thyroxine (T4) into 3,3',5-
tri-iodothyronine (TO) in experimental animals.2'3
During the past two decades, many disease

conditions induced by selenium deficiency have
been reported in both humans and animals. These
included cardiomyopathy,4"11 myopathy,"2"21
macrocytosis,'8 nail weakening,'8 exudative dia-
thesis22 and hepatic necrotic degeneration.23
We recently experienced a case of encephalo-

pathy probably induced by long-term selenium
deficiency. The detailed clinical course and labora-
tory data of the patient, including plasma GSH-Px
activities, and serum T3 and T4 values are described
and the possible importance of selenium in par-
enteral nutrition is discussed.
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Case report

A 38 year old male was admitted to our hospital for
evaluation and treatment of progressive con-
sciousness disturbance in August 1989.
At the age of 19, he was diagnosed as having

Crohn's disease of the small intestine, which
required surgical resection three times. Because this
surgery had resulted in short bowel syndrome (the
remaining small intestine measured 120 cm in
length), he had been nutritionally managed by total
parenteral nutrition (Table I) and oral elemental
diet, which had included no selenium, since August
1982. After 4 years, during which elemental diet
was his only oral intake, he gradually developed
visual disturbances. Over the next 3 years, he
manifested various neurological abnormalities,
such as paraesthesiae, dysarthria and spasticity, as
explained in Figure 1. These abnormalities rapidly
exacerbated in July 1989 and he finally developed
disordered consciousness.
Upon physical examination, his nails were weak

with whitish nail beds. His posture was decortical,
with exaggerated deep tendon reflexes and spas-
ticity in the extremities. His consciousness level was
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similar to that of patients suffering from apallic
syndrome (a state of unresponsiveness due to
diffuse cortical or brainstem damage). External
stimuli, such as sound and pain, caused his eyes to
open, but he did not respond to verbal or written
orders. He had day and night rhythm and gag
reflexes, and while awake he moaned loudly.

Laboratory examinations showed macrocytosis
(mean cell volume (MCV) 120 fl) with a normal
haemoglobin concentration, but with an elevated
serum creatine kinase (CK) level (492 IU/l; normal
60-160). No electrolyte imbalance was found.
Neither hepatic nor renal failure was evident. His
serum T3 concentration was decreased (0.4 ng/ml;

Table I Parenteral nutrition solutions

Total volume 2,500 ml Vitamin A 2,500 IU
Glucose 390 g Vitamin B, 13.8 mg
Aminoacid 60 g Vitamin B2 3.9mg
Lactate 12 mEq Vitamin B6 2.40mg
Phosphate 9 mEq Vitamin B12 30 iLg
Acetate 75 mEq Vitamin C 1,100 mg
Gluconate 12 mEq Vitamin D 200 IU
Sodium 70 mEq Vitamin E 15.0mg
Potassium 69 mEq Vitamin K 2.0 mg
Chloride 70 mEq Folic acid 1,000 iLg
Calcium 12 mEq Nicotinic acid 20.0mg
Magnesium 9 mEq Biotin 200mg
Phosphorus 372 mEq Pantothenic acid 12.0 mg
Sulphate 9 mEq
Iron 70 ,Lmol Lipids (per week)
Zinc 120 lAmol Fractionated soya oil 40 g
Iodine 2 jAmol Fractionated ovolecithin 2.4 g
Copper 10 tmol Glycerin 4.5 g
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third operation admission to our hospital

Figure 1 Clinical course of the patient. Dotted area indicates the normal range. Note the gradual increase in mean
cellular volume (MCV) of erythrocytes according to the onset of neurological symptoms, and the quick response of
MCV to frozen fresh plasma (FFP) and selenium (Se) administration. TPN = total parenteral nutrition; ED = elemen-
tal diet.
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normal 0.9-2.1), the serum T4 concentration was
increased (22.4 tug/dl; normal 4.5-12.5), while the
thyroid stimulating hormone was within the nor-
mal range (1.35 gLU/ml; normal 0.2-4.7). The
electroencephalogram was almost normal, whereas
computed tomography showed marked brain atro-
phy without any localized abnormalities (Figure 2).
Sural nerve and muscle biopsies revealed axonal
degeneration and diffuse muscular atrophy.

Because hypovitaminosis and deficiency in trace
minerals were strongly suggested by his clinical
course, the serum values of these elements were
further investigated. Whereas the levels of vitamin
(A, B1, B2, B6, B12, C, D and E), folic acid and most
of the trace mineral concentrations (zinc, man-
ganese, phosphorus, magnesium, copper, ferrum,
chromium, iodine and aluminium) were higher
than the lower limits, his blood selenium level was
extremely low (3.6 jig/dl; normal 12.2-35.8) (Table
II).

Clinical course after admission

We suspected a possible correlation between sel-
enium deficiency and encephalopathy, and frozen

fresh plasma (FFP) containing selenium was ad-
ministered initially. Thereafter, he received pure
intravenous sodium selenite (200 isg/day).

In order to assess accurately the effect of
administered selenium, both blood selenium con-
centration and plasma GSH-Px activity were
simultaneously measured before and after treat-
ment. While blood selenium concentration grad-
ually increased, plasma GSH-Px activity, which
had been low (19 U/L) before the treatment,
rapidly recovered to 182 U/L, and henceforth, it
consistently showed normal values. In addition,
MCV, serum T3 and T4 values were all normalized.
Although these parameters improved dramatically,
the patient showed no apparent neurological im-
provement, except for a slight decrease in spasticity
in his extremities and a normalization of his nail
colour.

Discussion

Because selenium is found in the soil and is
included in all kinds of food, a deficiency in this
mineral rarely occurs in human or in animals,

Figure 2 Serial changes in brain computed tomography of the patient. (A) Computed tomography on admission
reveals that the cerebrum was markedly and diffusely atrophic without any localized abnormality. (B) 21 months later,
the brain atrophy had further progressed.
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Table II Serum vitamin and trace mineral levels on admission to our hospital

Vitamins
A 581 (410-1,200) ng/ml Zinc 130.1 (70-140) pg/dI
B. 11.5 (1.5-6.0) pg/dl Manganese 0.4 (0.4-2.0) jig/dl
B2 27.7 (6 -10) fig/dI Phosphorus 4.6 (2.6-4.3) mg/dl
B6 10.7 (3.6-18) ng/ml Magnesium 1.9 (1.8-2.6) mg/dl
B12 > 1,800 (230-800) pg/ml Copper 130 (78-131) j1g/dl
C 4.3 (0.2-2.0) mg/dl Iron 59 (54-200) pig/dl
D 14.6 (10-55) ng/ml Chromium 0.07 (< 1.0) ftg/dl
E 0.82 (0.75-1.4) mg/dl Selenium 3.6 (12.2-35.8) jg/dl

Folic acid 7.4 (2.3-6.5) ng/ml Iodine 13 (4-9) p.g/dl
Aluminium 1.2 (<0.76) JLg/dl

Normal ranges are given in parentheses.

except for some particular areas of the world,
where the soil contains low levels of selenium.4'5
However, it has been recently demonstrated in
several studies that iatrogenic selenium deficiency
occurs in patients on long-term parenteral nutri-
tion who did not receive selenium supplementa-
tion.6 18

It has been previously reported that total paren-
teral nutrition of4-44 months' duration induces a
decrease in blood selenium levels.6 18
The GSH-Px activity in the patient showed

extraordinarily low values prior to selenium supp-
lementation. Because selenium has been reported
to be an essential component for GSH-Px activity,
both in vitro and in vivo, the rapid increase in
GSH-Px activity in our patient strongly suggests
that the intravenously administered selenium actu-
ally possessed some biological effect. Furthermore,
because GSH-Px is an important antioxidant,
necessary for preventing the accumulation of lipid
peroxide radicals, it can be speculated that the
increased radicals induced by inactivation ofGSH-
Px may have played an important role in the
pathogenesis of systemic and irreversible damage,
especially in the nervous system, of the patient.
This speculation is further supported by previous
work demonstrating intracellular mitochondrial
injury induced by selenium deficiency in an experi-
mental study.2'
The serum level of T3 and T4 in the patient also

showed noticeable changes following infusions of
FFP and selenium. Recently, iodothyronine deiod-
inase, which is a key enzyme in the conversion ofT4
to T3, has been identified as one of the seleno-
proteins in an animal study.2 3 Thus the increased
T4 and decreased T3 in the patient before treatment
seem to have been derived from the impaired
metabolism of thyroid hormones induced by sel-
enium deficiency. The normalization of T3 and T4
following selenium administration further sup-
ports this speculation.
The clinical features of selenium deficiency des-

cribed previously included cardiomyopathy,4 11
peripheral myopathy with elevated serum CK,'2-18
changes in nail colour'8 and macrocytosis in eryth-
rocytes.18 While all of these manifestations, except
for cardiomyopathy, were found in our patient, the
most characteristic feature of the patient was
progressive encephalopathy, which has not been
previously described in patients with selenium
deficiency.
There may be an argument that the encephal-

opathy in our patient can be explained by vitamin
deficiency which may occur in long-term parenteral
nutrition, because deficiency in vitamin E and B,2
has been well known to affect central and
peripheral nervous systems in humans.2425 The
neurological features of our patient resembled
those seen in patients with either vitamin E or B12
deficiencies but serum or blood concentration of
these vitamins showed high values prior to the
onset of neurological abnormalities. In addition,
there was no other clinical evidence, such as
ceroid-lipofuscin storage in the nerves, sea-blue
histiocytes in bone marrow and macrocytic anae-
mia, which are characteristic of vitamin E or B12
deficiency.
The evidence which suggested the possible rela-

tion between the encephalopathy and selenium
deficiency in our patient was that there was a close
correlation between his encephalopathy and in-
crease in MCV, which was considered to have been
derived from selenium deficiency. His visual distur-
bance was preceded by macrocytosis and during
the next 3 years he gradually developed cons-
ciousness disturbance as the MCV increased.
Because the duration of selenium deficiency was
much longer than those in the previous reports
documenting selenium deficiency with no neurolo-
gical abnormalities, it can be assumed that exces-
sive periods of selenium deficiency possibly affect
the nervous systems in humans adversely.
Although other unknown causes may have been

partly related to the pathogenesis of encephalo-
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pathy in our patient, marked cerebral degeneration
is observed in selenium-deficient chicks22 and dys-
crasic encephalopathy.26 In as much as the patient
did not improve dramatically following selenium
administration, which normalized his blood selen-
ium levels, his plasma GSH-Px activity, serum T3
and T4 values, his macrocytosis, and his nail colour,
brain damage arising from selenium deficiency can
be considered to be irreversible. It would thus seem
that it should become mandatory to routinely
measure blood selenium concentrations in patients
who are on oral elemental diet or parenteral

nutrition for a long period. Moreover, it is impor-
tant to add selenium as one of the necessary
elements, along with other trace minerals such as
zinc and copper, which are all clearly known to
induce severe manifestations when they are absent,
or in short supply in the diet.
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