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Abstract
Introduction Acquired copper deficiency myelopathy is a rare disorder associated with hematologic abnormalities, per-
ipheral neuropathy, and sensory ataxia. Although its clinical presentation and radiographic findings are similar to other
nutrient deficiencies, practitioners often fail to diagnose copper deficiency. This report describes a case of copper deficiency
decades after a jejunoileal bypass (JIB) to draw attention to potential long-term sequelae associated with this now abandoned
procedure.
Case presentation A 67-year-old female presented with bilateral paresthesias of her hands and legs, accompanied by gait
instability and frequent falls. The individual had a significant history of malabsorption and malnutrition related to a 40 years
prior JIB for weight loss. MRI demonstrated T2 hyperintense signal in the dorsal spinal cord between C3 and C5. She was
found to have copper deficiency, underwent IV repletion, prescribed oral repletion, and was discharged home. She sub-
sequently developed progressive symptoms over the following year and remained unable to function at home. Treatment
required inpatient copper repletion followed by inpatient rehabilitation. Following rehabilitation, the individual demonstrated
significant improved independence.
Discussion Although JIB surgery is not currently performed, it is important to recognize the metabolic consequences of
nutrient deficiencies related to this procedure and the potential for the development of neurological sequelae including
myelopathy. Furthermore, additional causes of copper deficiency to consider in cases of undifferentiated myelopathy include
congenital metabolic syndromes, zinc toxicity, and malabsorption. This case demonstrates the potential of intensive physical
and occupational therapy regimens, along with symptomatic treatment and nutrient repletion, to help an individual regain
independence and improve activities of daily living.

Introduction

Copper is an essential nutrient within the human body,
necessary for the proper functioning of numerous metabolic
processes. It acts as a prosthetic group in several key
enzymes [1] within the bone marrow and nervous system,

and thus its deficiency can result in hematologic and neu-
rologic abnormalities [2].

In a series of 55 cases, the most common cause of copper
deficiency is a previous upper gastrointestinal surgery (47%
of all cases), while zinc toxicity (16%), malabsorption
(15%), and iron ingestion (2%) are also potential causes. In
20% of cases, no etiology was identified [3]. Copper defi-
ciency can manifest in a variety of ways including central
nervous system demyelination [4], optic neuritis [4, 5],
anemia [2], leukopenia [2], peripheral polyneuropathy [6],
and lower motor neuron disease [7]. The most common
neurological presentation of copper deficiency is pro-
gressive sensory ataxia related to spinal cord dorsal column
involvement [8, 9]. While paresthesia and sensory ataxia
related to copper deficiency in the upper and lower limbs is
common, myelopathy leading to other impairments
including urinary function is rare [3]. This case highlights
the importance of investigating nutritional causes of
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myelopathy, in context with an individual’s surgical history,
as well as the potential importance of rehabilitation in
conjunction with nutrient repletion.

Case presentation

A 67-year-old female with history of Graves’ disease,
hepatic steatosis, and chronic macrocytic anemia with
unremarkable bone marrow biopsy initially presented with
progressive bilateral paresthesia and gait instability. She
also noted mild back pain. She was malnourished and had a
36 kg weight loss over the prior year.

A work-up was undertaken which revealed a macrocytic
anemia (hemoglobin 9.0 g/dL, mean corpuscular volume of
109 fL) and neutropenia (white blood cell count of 4200
THO/µL with 1100 THO/µL neutrophils). Vitamin B12
(891 ng/mL) and folate (19.1 ng/mL) were within normal
limits. Cerebral spinal fluid studies including glucose, pro-
tein, cell count, flow cytometry, and cell culture were nor-
mal. MRI of the cervical spine revealed a T2 hyperintense
signal in the dorsal spinal cord between C3 and C5 without
pathologic enhancement, felt to be consistent with subacute
combined degeneration (Fig. 1). Esophagogastroduodeno-
scopy with multiple small bowel biopsies was obtained and
unremarkable.

On further work-up, she was found to have an unde-
tectable copper level (<10 µg/dL) and a ceruloplasmin level
of 5 mg/dL. She was started on copper repletion with
improvement in her symptoms. Upon further discussion,

she reported a “weight loss surgery” she underwent ~40
years prior to admission [10]. This was assumed and later
confirmed on a small bowel follow through study to be
consistent with a jejuonal bypass (JIB). She was started on
oral and IV copper repletion. At that point, she was
recommended to go to acute rehabilitation, but she declined.

Ten months later, the individual was admitted to an
inpatient neurology service for progression of her neurolo-
gic symptoms. Since her previous discharge, she had been
on oral copper repletion. Over the month prior to admission,
she underwent weekly intravenous copper infusions for
continued low copper levels despite oral repletion.

On admission, the individual reported progressive bilat-
eral paresthesia in her hands and legs as well as gait
instability. The bilateral paresthesia led to sensory ataxia
and recurrent falls that resulted in a right rib fracture. She
recently suffered a burn from hot water which she was
unable to feel. The individual noted some bowel urgency
but remained continent. She also reported progressive
urinary urgency with episodes of urinary incontinence. She
was sexually active without issues.

Repeat MRI demonstrated decreased conspicuity of the
previous T2 hyperintense signal in the dorsal spinal cord
(Fig. 2). Of note, an electromyography/nerve conduction
study was performed and did not demonstrate a peripheral
neuropathy.

During her stay, a 5-day daily course of IV copper was
administered along with oral copper supplementation. At
this point, she was felt to require further rehabilitation and
was transferred to an acute rehabilitation hospital.

Fig. 1 Axial MRI image of the cervical spine demonstrating hyper-
intense signal abnormality in bilateral dorsal columns at the level of C4
(white arrows).

Fig. 2 Axial MRI image 10 months following the previous MRI of the
cervical spine continuing to demonstrate hyperintense signal
abnormality in bilateral dorsal columns at the level of C4 (white
arrow).
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Rehabilitation course and outcome

At time of admission to rehabilitation, she reported having
not been “out of the house by [her]self in 2 years.” She was
noted on the right to have 4/5 strength of grip, hip flexion,
dorsiflexion, and plantarflexion (otherwise 5/5) and on the
left was noted to have 4/5 strength throughout with the
exception of hip flexion (and knee flexion) which were
graded 2/5. The individual reported decreased sensation to
light touch in a glove and stocking distribution (through
hands and up to knees bilaterally). She had severely
impaired proprioception distally in bilateral lower extre-
mities. She also was noted to have impaired vibration sense
in bilateral upper and lower extremities (diminished in
bilateral hands, absent at toes and ankles bilaterally,
diminished at left knee). Furthermore, she had symmetric
1+ reflexes in bilateral lower extremities with a mute
Babinski reflex on the right and downgoing Babinski reflex
on the left. Bladder scans revealed that she was completely
emptying her bladder.

On rehabilitation evaluation she was noted to be
dependent (Functional Independence Measure (FIM) of 1)
in using the stairs and ambulating and had impaired trans-
ferring ability (FIM of 3). Upon initial evaluation, she was
found to have impairment in muscle tone, pain, aerobic
capacity/endurance, and balance. She demonstrated poor
coordination and motor control/sensation. At time of
admission, she was dependent on a wheelchair for mobility.

She began intensive occupational therapy and physical
therapy 5–7 times/week for 180 min duration. The inter-
ventions of occupational therapy included bilateral lower
extremity active range of motion exercise, weightbearing,
dynamic standing balance exercises, bilateral upper extre-
mity hand grip/pinch strengthening, purposeful fine motor
coordination therapy, and sensory integration before activ-
ities of daily living (ADLs) retraining. Physical therapy
included lumbo-pelvic stability training, balance for
anticipatory and reactive strategies, fear of falling and
learning compensatory strategies, and sensory feedback via
a mirror.

At the time of discharge, she was able to walk 300 ft at a
time with a rolling walker (FIM of 5), navigate steps with
handrails (FIM of 5), transfer with assistive equipment (FIM
of 6) and was modified independent with all ADLs (with the
exception of being unable to fasten clothing due to impaired
fine motor skills).

At follow-up 1 month after discharge, the individual
reported that she was doing “okay.” She continued to use a
rolling walker for mobility, although was challenged by
fatigue in community ambulation, particularly after busy
days. She reported being independent in ADLs although
still did not leave her house alone. She did not have
any falls.

The individual ultimately underwent reversal of the
previous JIB with take down of the jejunoileal bypass, take
down of an ileocolic anastomosis and two small bowel
anastomoses.

Discussion

JIB was a popular weight loss surgery in the late 1960s and
early 1970s. JIB was felt to be the most effective surgical
intervention for achieving and maintaining weight loss [10].
The surgery entails anastomosis of the proximal jejunum to
the terminal ileum, ultimately leading to weight loss via
malabsorption, essentially creating iatrogenic short bowel
syndrome [11, 12]. However, this surgery is no longer
performed because of its short- and long-term complications
including renal failure, electrolyte imbalance, nephro-
lithiasis, liver disease, fat-soluble vitamin deficiencies,
malnutrition, and ultimately early death [11]. There are very
few people alive today with a JIB.

One of the nutritional deficiencies seen following JIB is a
copper deficiency. Copper is an essential dietary micro-
nutrient with the absorption occurring predominantly in the
duodenum [13, 14]. Copper deficiency can lead to dorsal
column degeneration which is indistinguishable to B12
deficiency related subacute combined degeneration [15],
making diagnosis and treatment difficult. In cases with JIB,
treatment of micronutrient deficiency remains challenging,
as oral repletion may not be effective.

The individual in this case had initially presented with
bilateral paresthesia thought to be related to an acute GI
illness. As a result, multiple unremarkable laboratory tests
and imaging studies were performed. She was eventually
noted to have low copper and started on oral repletion
although due to insufficient response, she subsequently
required regular IV copper infusions. However, this therapy
alone did not improve her function and she remained
immobile with frequent falls. She later presented for wor-
sening bilateral paresthesia, gait instability, and falling, in
the setting of an ongoing copper deficiency and inadequate
repletion. Examination of her history led to the identifica-
tion of a remote history of a JIB for weight loss, which was
ultimately determined to be the cause of her persistent
copper deficiency despite oral repletion.

Following her most recent admission, in conjunction
with PO and IV Copper repletion and appropriate pharma-
cological treatment, she began a 2-week intensive inpatient
physical and occupational therapy regimen aimed at
improving ADLs and increasing mobility. She ultimately
was able to regain independence and return home with
improvement in her symptoms and function and absence of
falls. She did continue to have difficulty with fatigue and
community mobility.
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This case highlights several important lessons. For all
cases of unexplained myelopathy, a thorough surgical his-
tory (particularly for bariatric surgery), as well as evaluation
for nutritional deficiencies, should be undertaken. If copper
deficiency is identified, other potential causes such as zinc
toxicity, malabsorption, and excess iron ingestion should be
investigated. Furthermore, this case highlights the central
role of continued functional monitoring in those with a
history of myelopathy given potential for functional decline,
immobility, falls, and injury.

Finally, while gastric bypass/surgeries are well under-
stood for their effects on vital nutrients [16, 17], to our
knowledge there are no cases detailing the impact of
intensive inpatient rehabilitation on an individual with
copper myelopathy. Although intensive inpatient rehabili-
tation appears to have been beneficial in this case, we
cannot exclude that increased intravenous copper repletion
may solely have led to the her functional improvement. It is
important for clinicians to be aware of nutritionally related
myelopathies and the potential benefit of concurrent reha-
bilitation interventions along with nutritional
supplementation.
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