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Abstract: Background: Copper deficiency can lead to a severe myelopathy and cytopenia. The myelopathy can lead to
inability to walk by paresis and deafferentation. The anemia can as well be severe with the need for blood transfusions. Beside
innate reasons it occurs years after surgeries of the intestine and following disturbed resorption. It can also occur due to excessive
intake of zinc that binds copper. An early diagnosis following copper substitution can lead to restitution. It can clinically be
mistaken for a vitamin B12 deficiency. This circumstance can lead to a delayed treatment. Case: A 67 years old woman with
severe gait disturbances, sensory ataxia was admitted to our hospital. She had the diagnosis of vitamin B12 deficiency. B12 was
elevated and metabolites were in normal range. The electrophysiology showed a deafferentation of the legs. Objective: This case
report provides detailed information about the course of diagnosis and the treatment of a severe copper deficiency with
symptomatic myelopathy and cytopenia in an elderly woman. Methods: We performed a literature research with keywords
“spinal cord disease, gait disturbances, elevated lactate in cerebrospinal fluid, anemia”. We did blood tests and CSF on a regular
basis combined with clinical assessments and electrophysiology. Results: Serum copper was not detectable. CSF copper was
reduced (8.7 pg/l, Ref.: 14.2-109 ng/l), CSF lactate was elevated (4.69 mmol/l, Ref.: 1.1-2.4 mmol/l). The patient had a
cytopenia (Hb 6.6 g/dl, Ref.: 12-16 g/dl, MCV 130 fl, Ref.: 80-96 fl, leucocytes 2.3 10%, Ref.: 4.3-10 10%/pl). Vitamin B12
amounted to 891 pg/ml (Ref.: 191-663 pg/ml). The somatosensory evoked potential (SEP) study showed absent cortical
responses after stimulation of the sural nerves bilaterally. Due to the diagnosis of a myelopathy and bone marrow dysfunction due
to copper deficiency we substituted copper-histidine subcutaneously. This led to a marked improvement of symptoms, an
increase of serum copper levels (141 ng/l), CSF copper levels (14.1 pg/l), hemoglobin (11.9 g/dl), leukocyte count (11.4 10%/ul)
and a normalization of CSF lactate. Conclusion: Elevated CSF lactate might be an indicator for treatable myelopathy due to
copper deficiency in patients with afferent gait disturbances. A timely substitution can lead to a marked improvement of even
severe symptoms.
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[1]. Copper is available in a wide variety of animal and
vegetable food, so that inadequate levels (hypocupremia)
occur either through disturbed resorption, excess of zinc that
binds copper or due to a damaged or removed intestine [2].
Neurological symptoms encompass severe sensory ataxia
caused by lesions of dorsal columns with decreased vibratory
and joint position senses as well as lesions of the lateral

1. Introduction

The combination of acquired spinal cord dysfunction and
cytopenia of blood cells is a syndrome caused by
paraneoplastic and lymphoproliferative syndromes, HIV,
vitamin B12 and folic acid deficiencies or copper deficiency
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columns with spastic paraparesis. A peripheral neuropathy

with paresthesias and hypoesthesia has also been described [3].

The pathological features of hypocupremia are driven by the
impairment of the multiple vital enzymatic processes in which
copper acts as a cofactor, for example in the respiratory chain
in mitochondria, the glucose metabolism, protection from
oxidative stress, connective tissue biogenesis and
neurotransmitter synthesis [4].

Copper deficiency associated myelopathy was first
described only 20 years ago [5], and has not yet been included
in the routine diagnostic workup of myelopathies
accompanied by cytopenia. As a consequence, a median time
of 12 months was found from onset of symptoms to diagnosis
[6]. However, timely detection of hypocupremia is paramount
to the prevention and improvement of neurological deficits.
We present a case with hypocupremia induced myelopathy
and cytopenia following a gastric resection, rapidly improving
after substitution of copper.

2. Case Report

In December 2019, a 67-year old woman presented with
significant rapidly progressing difficulty in walking. Her past
medical history included partial gastrectomy due to a stomach
ulcer  (1988)  with  multiple revision  surgeries
(gastrojejunostomy, hemicolectomy) and lastly subtotal
residual gastrectomy in 2017. Few months later in 2017 she
noticed a slight tingling in her feet. Physical examination at
the time of admission in 2019 revealed symmetrical
hypaesthesia and thermhypaesthesia in the lower legs. While
ankle reflexes were missing, knee jerks as well as arm deep
tendon reflexes were brisk bilaterally. Pyramidal signs were
negative. Nerve conduction studies were normal. The
somatosensory evoked potential (SEP) study showed absent
cortical responses after stimulation of the sural nerves
bilaterally and the right posterior tibial nerve. On stimulation
of the left posterior tibial nerve, a small cortical response
could be recorded with a delayed latency. The MRI of the
cervical region was without certain pathology. Laboratory
examination revealed macrocytic anemia and leukopenia (9.7
g/dl und 2.4 10*/ul). Serum vitamin B12 concentration was
normal due to a recently started substitution.
Holotranscobolamin or methylmalonic acid were not further
examined. Vitamin B12 deficiency was suggested.
Accordingly a substitution of vitamin B12 was initiated. A
lumbal puncture was not performed.

In April 2020 the patient presented again with rapidly
progressing symptoms. She was no longer able to stand or
even walk. The neurological examination revealed a severe
sensory ataxia of the legs, arms were asymptomatic. Severe
hypoesthesia with thermhypesthesia and zero vibration sense
was found in the lower extremities, and epicritic sensation was
significantly impaired with diminished joint position sense
down from the iliac crests. Muscle reflexes were brisk in the
lower extremities (again with missing ankle jerks) and slightly
decreased in upper extremities. There was no reduction of
muscular force on detailed testing, and no pyramidal signs.

Cortical SEPs on sural and posterior tibial nerve stimulation
were diminished and delayed. Laboratory examination
revealed macrocytic anemia and leukopenia with severe
neutropenia (table 1). Accordingly, the patient received an
erythrocyte concentrate. She reported improvement of fatigue
with no effect on mobility.

Further diagnostic included evaluation of paraneoplastic
and lymphoprolipherative syndromes as well as vitamins and
copper. Total vitamin B12, holotranscobolamin, folic acid as
well as methylmalonic acid and homocysteine were all within
a normal range. Bone marrow biopsy showed an increased
number of immature myeloid and erythroid cells, suggestive
of a nutrient deficiency. Antineuronal and paraneoplastic
antibodies in the cerebrospinal fluid were negative. The
lactate level was increased in the cerebrospinal fluid (4.69
mmol/l, Ref.: 1.1-2.4 mmol/l). Copper was not detectable in
serum, decreased in urine (8 pg/24 h, Ref.: 10-60 pg/24 h) and
in the CSF (8.7 pg/l, Ref.: 14.2-109 ng/1) [7]. Caeruloplasmin
in the serum was not detectable (table 1). Zinc was found
within the normal range (1.16 pg/ml, Ref.: 0.6-1.2 pg/ml).

For logistic reasons, we started copper substitution by oral
substitution with copper gluconate. It resulted in slow
improvement of cytopenia (Hb 6.6-10.4 g/dl, leukozytes
2.3-5.5 10%/ul) and slow increase of the copper serum levels (<
4 - 26 pg/dl) within 9 days. Therefore, a substitution with a
subcutaneous copper-histidine (6 syringes of 2.4 mg
copper-histidine, from Alte Apotheke Stuttgarter Strasse 51,
70469 Stuttgart, Germany was performed. This drug was
prepared after the formula from the pharmacy of the university
hospital in Heidelberg [8]. As a result, serum and urine copper
levels increased as well as in the CSF, while CSF lactate
decreased as a sign of the normalization of the glucose
metabolism (table 2). Subsequently leukocytes, particularly
neutrophils, returned to normal and erythrocytes and
hemoglobin increased along with an increase of reticulocytes
(table 1). Neurological examination showed a marked
improvement of the mobility. The patient was able to walk
short distances without aids and long distances with a rollator.
Both hypoesthesia and thermaesthesia improved. She also
reported a slight vibratory sensation at the iliac crest
bilaterally. She felt more secure walking and was discharged
with oral 5 mg copper gluconate daily.

On follow-up 5 months later, she was able to walk without
any walking aids, showing only slight residual gait instability.
For longer outdoor distances she admitted using a rollator. She
had gained weight from 40 to 44 kg. Clinical examination
revealed vibration sensation 2/8 at the medial malleoli on both
sides and 3/8 and 4/8 at the knees right and left. She still
reported also a hypaesthesia and a thermhypaesthesia in her
right leg and felt burning allodynia in the feets on touch. Deep
tendon reflexes were brisk and symmetric in upper and lower
extremities. Laboratory examination revealed a slight
normocytic anemia (Hb 11.9 g/dl, MCV 94.2 fl) with normal
neutrophil counts (table 1). Coeruloplasmin in the serum and
urine was normal, and the free copper increased. CSF copper
was 14.1 pg/l and lactate was within a normal range (1.97
mmol/l) (table 2). The renal panel showed increased urea (76
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mg/dl, Ref.: 0-71) and creatinine (1.8 mg/dl, Ref.: 0.7-1.2).

Table 1. Hematological restitution due to copper substitution.

Before Before Before At the time External In-house
transfusion  Copper p.o. Copper i.m. of discharge follow-up follow-up
14/04/2020  20/04/2020  29/04/2020  05/05/2020  04/06/2020 05/10/2020
Red blood cell count (Ref.: 4-5.2 mil/ul) 1.7 2.6 2.9 2.9 3.6 4.0
Hb (Ref.: 12-16 g/dl) 6.6 9.4 10.4 10.0 11.4 11.9
MCH (Ref.: 28-33 pg) 38.8 35.6 36.0 35.0 31.1 30.1
MCYV (Ref.: 80-96 f1) 130.0 109.8 1159 114.0 103.3 94.2
Reticulozytes (Ref.: 5-15 %o) 30.0 65.0 27.0 16.0
Leukocytes (Ref.: 4.3-10 10%/pul) 23 39 5.5 7.7 10.6 11.4
Neutrophils (Ref.: 1.5-8 10*/ul, severe neutropenia <0.5 10*/ul) 0.4 1.6 3.5 7.1 5.8

Hb=hemoglobin, MCH=mean corpuscular hemoglobin, MCV=mean corpuscular volume, p.o.=per osl, i.m.=intramuscular, color gradient from dark gray to

white representing grading pathological to normal values

Table 2. Copper levels in serum and lactate in the CSF due to copper substitution.

Before copper p.o.

Before copper i.m. At the time of discharge  In-house follow-up

20/04/2020 29/04/2020 05/05/2020 05/10/2020
Serum copper (Ref.: 68-169 pg/dl) <4 26 72 141.0
Serum free copper (Ref.: <40 pg/dl) Not detectable 5.2 26.7 41.6
Ceruloplasmin (Ref.: 16-45 mg/dl) <3 6.6 14.7 28.4
Urine copper (Ref.: 10-60 pg/24 h) 8 55 34.0
CSF copper (Ref.: 14.2-109 pg/l) 8.7 10.1 14.1
Lactate in the CSF (Ref.: 1.1-2.4 mmol/l) 4.96 3.15 1.97

CSF=cerebrospinal fluid, p.o.=per os, i.m.=intramuscular, color gradient from dark gray to white representing pathological to normal values

Because of the normalized copper but impaired renal
function in the serum a reduction of copper gluconate
substitution to 2 mg daily was prescribed. Follow-up visits
were arranged every three months showing stable
improvement and normal serum copper levels as well as
normal renal and liver function tests.

3. Discussion

Copper is an essential micronutrient involved in
hematopoiesis, myelin sheet formation and collagen and
elastin synthesis [2, 9]. Copper accumulates in small intestine
and kidneys, while the brain and other tissues have unusually
low levels resulting in progressive neurodegeneration and
connective tissue anomalies [10]. Acquired hypocupremia is
associated with myelopathy and cytopenia as seen also in our
case. Whether insufficiencies of anastomoses requiring
multiple revision operations were due to disturbed copper
metabolism in our patient via ineffective collagen synthesis
remains to be discussed. There was no family history of
possible Menkes disease in our patient and its X-linked
recessive trait (strongly favoring manifestations in males)
renders a genetic cause unlikely.

The acidic environment in the stomach facilitates freeing
the copper bond to foodstuff [11]. After deliberation, copper is
absorbed in the small intestine by passive and active transport.
Excessive zinc intake leads to the wupregulation of
metallothionein, which in turn binds copper and retains it
within the enterocyte blocking its further absorption into the
plasma [1]. Thus, using e.g. zinc-containing denture adhesives
may cause hypocupremia. The same principle is being used
therapeutically in the treatment of Morbus Wilson [13].

Previous gastrectomy in our patient suggests impaired
absorption as the cause of hypocupremia. Although our
patient used zinc-containing denture adhesives, zinc in the
serum was within a normal range. Copper however was
significantly decreased in all probes.

Increased lactate levels in the cerebrospinal fluid are
typically associated with mitochondrial disorders [14]. Copper
is a cofactor of cytochrome c¢ oxidase in the mitochondrial
respiratory chain [15]. Copper deficiency induces a switch to
anaerobic energy production routes and subsequently an
increase of lactate [16]. To our knowledge our patient provides
the first documented association between serum and CSF
copper normalization combined with normalization of CSF
lactate. The latter is routinely measured and may thereby serve
as an indicator of hypocupremia and as a marker for the
restoration of mitochondrial function in the CNS.

Furthermore, the substitution of copper leads to rapid
restoration of the hematopoiesis and prevention of further
worsening of neurological symptoms. The neurological
improvement depends on timely substitution. Unfortunately
by the time of diagnosis the damage of neural structures is
often already partly irreversible so that the response of
substitution is more subjective than objective and usually
sensory [3]. Indeed our patient showed a more rapid recovery
of the cytopenia. Encouragingly however also the
neurological deficits improved radically, so that on the
follow-up examination the patient ambulated with only slight
instability without major walking aids in her daily life. From
the perspective of patient, the greatest improvement occurred
to her mobility and sensation. She once again felt her upper
legs completely.

To our knowledge this is the first reported case of a
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successful therapy of copper deficiency-induced myelopathy
and cytopenia in an elderly patient. Furthermore it provides a
detailed documentation of the clinical course and laboratory
values upon the substitution of copper levels. Evidently, a
rapid diagnosis and swift substitution of copper lead to
successful recovery of the patients also in advanced age.
Including copper level measurement in the initial diagnostic
work-up for spinal ataxia allows identification of a safely
treatable and otherwise devastating disorder.

4. Conclusion

With respect to diagnostics we suggest that patients with
afferent gait disturbances should be screened and potentially
monitored for elevated CSF lactate that might indicate
treatable copper deficiency and myelopathy. Moreover an
incomplete restitution in cases of diagnosis of Vitamin
B12-induced myelopathy or cytopenia notwithstanding
sufficient substitution should lead to reevaluation with regard
to copper deficiency. The recommendation for a wider
screening derives from the circumstance that often anamneses
are insufficient because of patients not remembering surgeries
many years ago or lacking documentation. In our case the
surgeries were reported by the patient, but the extend came to
light weeks after the admission. Despite copper
deficiency-induced myelopathy and cytopenia being rare
conditions, probably underdiagnosed, a need to establish
guidelines for the diagnostic course of gait disturbances
including measuring copper levels evolves. Especially in
not-neurological wards, for example in geriatrics without a
neurological cooperation, gait disturbances are ubiquitous and
diagnosis often fogged by multimorbidity. Therefore
unsparing use of blood tests that include copper levels could
prevent deficiencies before they occur. And even symptomatic
copper deficiency-induced myelopathy and cytopenia can be
treated successfully like this case report underlines.
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