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Abstract

Copper is an essential cofactor in many enzymatic reactions vital to the normal function of the
hematologic, vascular, skeletal, antioxidant, and neurologic systems. Copper deficiency in the United
States is believed to be relatively rare but has been described in the setting of zinc supplementation,
myelodysplastic syndrome, use of parenteral nutrition and chronic tube feeding, and in various
malabsorptive syndromes, including following gastrectomy and gastric bypass surgery. Features of
copper deficiency include hematologic abnormalities (anemia, neutropenia, and leukopenia) and
myeloneuropathy; the latter is a rarer and often unrecognized complication of copper deficiency. We
here describe two patients who presented with severe gait abnormalities and anemia combined with
neutropenia several years after roux-en-Y gastric bypass (RYGB) surgery for obesity who were found
to be severely copper deficient. Intravenous copper repletion resulted in the rapid correction of
hematologic indices; combined intravenous and oral copper supplementation and eventual oral
copper supplements alone normalized serum copper levels in each patient but resulted in only partial
resolution of the neurologic deficits. This report serves to alert physicians of the association between
RYGB procedures and subsequent copper deficiency in order to avoid diagnostic delays and to
improve treatment outcomes.
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Copper deficiency is a well-documented cause of neurologic disease and hematologic
abnormalities, including anemia with neutropenia, in adults 15 The neurologic manifestations
may be similar to the myeloneuropathy observed with vitamin B12 deficiency 2,5, Though
copper deficiency is thought to be rare in developed countries, the neurologic symptoms can
be profound and are frequently irreversible, making awareness and early diagnosis essential
1 Copper deficiency in the United States is believed to be rare but has been described in the
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setting of gastrectomy and %astric bypass surgery 6-10, zinc supplementation 1
mg/elodysplastic syndrome =5, use of chronic tube feedings, especially via jejunostomy 11-
13 and use of parenteral nutrition11, 14-

Roux-en-Y gastric bypass (RYGB) surgery for morbid obesity is becoming increasingly
common in the United States; most procedures bypass the duodenum and between 100-200
cm of proximal jejunum — the sites of most copper absorption in humans 7,16-17 rRyGB
patients are routinely prescribed multivitamin-mineral preparations, iron, calcium and vitamin
B12, but copper is not routinely supplemented as a specific nutrient and little information on
copper depletion after RYGB is available 67 We here report two patients followed
prospectively by all of the authors in both the inpatient and outpatient setting at Emory
University Hospital and The Emory Clinic. The patients each presented more than ten years
after RYGB with severe gait abnormalities, anemia and severe neutropenia in association with
severe copper depletion. The hematologic indices rapidly normalized with copper intravenous
and oral repletion, but the neurologic deficits and symptoms showed only modest improvement
over a several month period of observation.

A 53 year-old Caucasian woman was referred to the Neurology Service of Emory University
School of Medicine for evaluation of abnormal gait and anemia. The patient initially noted a
sensation of painful paresthesias in her feet bilaterally that worsened in severity over time and
progressed to the level of her thigh. Over an eight-month period, her ability to ambulate
gradually deteriorated such that that on presentation, the patient required a wheelchair. Her
past medical history included RYGB surgery for morbid obesity approximately 21 years prior
to presentation but no other significant past medical history. She received 1000 pg vitamin
B12 subcutaneously monthly for many years, but otherwise received no vitamin or mineral
supplementation. Physical exam revealed absent positional and vibratory sensation in the lower
extremities to the knee. Fine touch sensation was decreased in a stocking distribution to the
level of her thighs, and she had 3+ knee and ankle reflexes bilaterally with an absent Babinski
sign. Her gait was broad-based and unsteady. She displayed an intact mental status and cranial
nerve examination was unremarkable. She had hormal strength, bulk, and tone throughout. Her
physical examination was otherwise normal.

Initial laboratory examination revealed hyopochromic anemia [hemoglobin= 9.6 gm/dL
(normal=11.4-24.4 gm/dL), MCV=95.7 fL (normal= 79.3-94.8 fL.), MCHC= 32.1 gm/dL,
(normal=33.5-35.5 gm/dL), white blood cell (WBC) count 4.7 103/mcL (normal 3.6-11.1
10%/mcL)] and severe neutropenia (absolute neutrophil count = 403 cells/uL). Blood platelet
count, iron studies, folate, vitamin B12, homocysteine and thiamine levels and syphilis
serologies were normal. The patient’s serum vitamin B6 level was low at 2.8 ng/mL (normal=
5-30 ng/mL). The serum 25-hydroxy vitamin D concentration was below normal at 11 ng/mL
(normal = 20-57 ng/mL). The serum zinc level was elevated at 228 pg/dL (normal = 60-120
pg/dL). A bone marrow biopsy performed to rule out myelodysplastic syndrome revealed
sideroblasts but was otherwise unremarkable. An MRI of the brain showed T2-hyperintensity
in the white matter but was otherwise normal and a subsequent lumbar fluid examination was
normal. After the initial evaluation failed to identify an etiology, the patient was referred to
the Winship Cancer Institute of Emory University, where an extremely low serum copper
concentration of 4 ug/dL (normal = 80-155 ug/dL), and ceruloplasmin concentration of 3 mg/
dL (normal = 21-53 mg/dL) were identified.

The patient was admitted to Emory University Hospital (EUH) and received intravenous copper

at 2.4 mg/day over a six-day period and intravenous vitamin B6 (50 mg/day) over 3 days. She
was then discharged home and weekly intravenous copper infusions (copper 2.4 mg over 2-3
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hours) were arranged based on serial blood copper levels. In addition, the patient was prescribed
a complete high-potency oral multivitamin-mineral preparation twice daily (Women's Ultra
Mega®, General Nutrition Centers, Inc., Pittsburgh, PA), oral vitamin B6 (50 mg/day) and
oral copper gluconate (two 2 mg tablets taken twice daily for a total of 8 mg oral copper per
day). One month after intravenous copper replacement was initiated, both her plasma
hematologic indices and serum copper levels had returned to normal. The patient’s paresthesias
improved; however, vibratory sensation and proprioception remained absent in the lower
extremities. Four months after discharge from the hospital, the patient was able to ambulate
with a cane, intravenous copper was discontinued and blood copper levels were maintained
within the normal range on oral copper supplementation of 8 mg/day. During the period of
observation and copper repletion, the patient reported chronic sharp pain in her legs bilaterally,
which worsened over time and then gradually improved.

A 58 year-old Caucasian woman presented with unsteady gait, numbness and paresthesias
involving the lower extremities and hands in a stocking-glove distribution. She had initially
noted numbness in her feet that progressed over an approximately twelve-month period,
coincident with increasing difficulty walking. On presentation, she was confined to a
wheelchair. Her past medical history was significant for an unspecified gastric bypass surgery
approximately ten years prior to presentation for severe recurrent peptic ulcer disease. She
received 400 pg vitamin B12 subcutaneously monthly for many years, but otherwise received
no vitamin or mineral supplementation. Physical examination revealed markedly decreased
vibratory sensation and proprioception in the lower extremities bilaterally. Both pin-prick and
light touch sensations were moderately reduced below the knees. Her gait was ataxic and she
was unable to perform a heal-to-shin test. Strength, bulk, tone, and reflexes were normal
throughout. Her physical examination was otherwise normal.

Initial laboratory examination demonstrated anemia (hemoglobin = 8.5 g/dL, MCV=98.4 fL,
MCHC = 33.6gm/dl, leukopenia (WBC =1.9 10%/mcL) and severe neutropenia (absolute
neutrophil count = 475 cells/uL), Blood platelet count, iron studies, folate, vitamin B12,
homocysteine and thiamine concentrations, and syphilis serologies were within normal limits.
A bone marrow biopsy showed a hypocellular but otherwise normal marrow. An MRI showed
T2-hyperintensity in the dorsal columns of the cervical spine and the results of a lumbar
puncture examination were unremarkable. Electrophysiology studies revealed a predominately
sensory generalized neuropathy. Further laboratory examination demonstrated that the patient
was markedly copper deficient, with a serum copper concentration of 2 ug/dL and a serum
ceruloplasmin concentration of 2mg/dL, respectively.

Upon replacement with intravenous copper as an inpatient at EUH (2.4 mg daily for 6 days),
followed by weekly intravenous copper (2.4 mg) combined with oral supplementation of 8 mg
copper/daily, the patient’s hematologic indices normalized after week and her sensation to light
touch slowly improved over a several week period. Four months following diagnosis of severe
copper deficiency, she remained ataxic due to a residual deficit in proprioception and vibratory
sensation in her lower extremities and required a cane for ambulation. However, 7 months
following copper repletion (21 weeks of combined intravenous and oral copper therapy
followed by 7 weeks of oral copper therapy alone) the patient did not need any assistance in
walking and her lower extremity neuropathy continued to improve.

Discussion

Copper is a trace element essential to all species 16-17 1t is a cofactor in several oxidative
enzymes vital to the function of hematopoietic, vascular and skeletal tissues, as well as the
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structure and function of the nervous system, including superoxide dismutase (oxygen radical
scavenger), cytochrome-c oxidase (mitochondrial respiration), lysyl oxidase (coIIa en and
elastin synthesis) and ceruloplasmin ferroxidase/haephestin (iron metabollsm) 6-17. Animal
studies suggest that the duodenum is the major site of copper absorption, but some absorption
also occurs in the stomach and ileum 1819, Gastric pH has an important role in freelng copper
bound to foodstuffs, which frees copper from natural organic complexes and ligands 19
humans the major site of absorption of dietary copper remains unclear

Gastric surgery (gastrectomy, gastric- bypassf and zinc supplementation have previously been
identified as causes of copper defrcrency . The intended gastric restrictive-small bowel
malabsorptive effects of RYGB contribute to weight loss, but may also profoundly affect
patient’s nutritional status, depending on the level of nutrient intake and supplementation 8-

0 1tis reported that between 12 to 33%% of patients following RYGB develop vitamin B12
deficiency and up to 52% of patients may be iron deficient 8-9 Low blood levels of fat-soluble
vitamins, zinc, and folate are also commonly noted unless specifically supplemented 9-10
While copper deficiency may be a relatively rare occurrence, albeit one which is likely under
reported in RYGB, the number of individuals undergoing this surgical procedures annually is
increasing dramatically, creating a large population at risk for copper deficiency.

The clinical scenarios of the two patients we report is consistent with previous reports of copper
deficiency in adults 2,6-7_ patients characteristically present with gait abnormalities and
peripheral neuropathies remotely following gastric bypass procedures. Deficits localize to the
lower extremities and include paresthesias, impaired vibratory sensation and proprioception,
and frequently a Babinski or Chaddock’s sign 2,6, Strength and touch perception are not
prominently affected in most cases. MRI changes are not always noted but the most consistent
finding on spine MRI in patients with copper deficiency myelopathy is increased T2 signal in
the dorsal columns, as seen in our patients reported here 4,20 Electrophysrology studies
indicate a primary dysfunction in the posterior column of the spinal cord 24 The precise
pathophysiology underlying the symptoms is unclear, but it has been hypothesized that
oxidative damage as a result of diminished superoxide activity leads to demyelination and
axonal degeneration in the central nervous system

On laboratory examrnatlon 2patlents with copper deficiency classically exhibit hypochromic
anemia and neutropenra Iron studies show normal or elevated ferritin levels, suggesting
adequate iron stores, while the mean corpuscular volume is variable. Bone marrow examination
typically shows rln%ed sideroblasts (as in our case 1), indicating abnormal accumulation of
mitochondrial iron <4. This observation is attributed to the diminished activity of the cupric
enzyme mitochondrial cytochrome-c oxidase, which plays a key role in the transfer of iron to
the cytosol for incorporation into heme 23 Ceruloplasmin ferroxidase is also thought to
contribute to anemia, as it is essential in the loading of transferrin with iron in the liver and is
markedly diminished in parallel with copper 24 additional laboratory abnormalities in
bariatric patients are common, including B12 and folate deficiency, however, in all previously
reported cases, the neurologic symptoms progressed and the hematologic derangements
persisted following B12 and folate supplementation.

Of interest, a variety of neurologic complications have been reported after weight loss surgery.
Chang et al described cases of postoperative polyneuropathy - acute post-gastric reduction
surgery (APGARS) neuropathy, as a polynutritional, multisystem drsorder characterrzed by
protracted postoperative vomiting, hyporeflexia, and muscular weakness 2°. These authors
recently reported the results of a questionnaire survey of bariatric surgeons on features of
APGARS. A total of 109 cases of neuropathy were described by 257 respondents. Vitamin B
12 and/or thiamine deficiency were present in 40 (40%); common diagnoses reported were
Wernicke's encephalopathy, thiamine deficiency, and Guillain-Barré Syndrome 25 In light of
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our findings and other reports 2-7,26 jt js likely that at least some cases of APGARS are
secondary to copper depletion or overt deficiency.

Treatment of copper deficiency consists of parenteral and oral copper replacement until normal
copper levels in blood are achieved. Our two patients each received intermittent IV copper in
combination with daily oral therapy until copper levels in blood were consistently within the
normal range. Within weeks of therapy, serum copper and ceruloplasmin levels returned to
normal and have remained so with daily oral therapy following several weeks of IV repletion
(Table 1 and Table 2). Despite malabsorption being the likely mechanism underlying copper
deficiency after RYGB, oral supplementation has been found to correct copper deficiency,
suggesting that super-saturation of intestinal copper transport systems is a reliable way to
maintain adequate serum levels 16,

The response to copper replacement in is variable and likely depends on the degree and duration
of depletion. The hematologic abnormalities have been reported to correct within four to six
weeks (as in our subjects); however, improvements in neurologic symptoms are modest and
often difficult to demonstrate objectively. As described in the current report, paresthesias may
resolve, but significant7gait abnormalities may remain, consistent with clinical observations in
reported cases 12,46-7,

Based on our clinical observations, we advocate that greater awareness of the potential for
copper depletion and hematologic and neurologic abnormalities must occur in physicians
caring for patients after RYGB surgery. In our cases presented here, copper deficiency was a
remote surgical complication, and thus the subjects presented to non-surgical practitioners.
The growing number of patients undergoing malabsorptive surgical procedures for obesity
strongly suggests that the incidence of copper depletion and hematologic and neurologic
sequelae will increase in the future. Most importantly, the neurologic sequelae of copper
deficiency may be irreversible, making early diagnosis and prompt treatment essential to
successful outcomes. In our case histories, biochemical evidence for copper deficiency was
associated with severe neurologic abnormalities that were not completely reversed after
ostensibly adequate copper repletion. Therefore, baseline and serial copper status monitoring
should be considered in patients after RYGB. For now, specific at-risk subpopulations have
not been identified and the optimal time course and cost-effectiveness for such screening is
unknown. Thus, we feel that rigorous, prospective trials on the incidence and prevalence of
copper deficiency and associated morbidity in RYGB patients, as well as studies on the optimal
therapeutic approach to reverse copper depletion, are needed in this growing patient population.
We have examined the composition of several commonly prescribed multivitamin-mineral
preparations for bariatric patients. The zinc to copper ratio in these is typically 15 mg zinc to
1-2 mg copper, which may be an inappropriately high Zn/Cu ratio for RYGB patients.

In conclusion, we describe two patients who presented with severe copper deficiency more
than ten years after RYGB surgery. Following intravenous and subsequent oral copper
supplementation, hematologic abnormalities rapidly resolved, but only mild improvement was
noted in the neurologic findings and symptoms. An increasing number of patients elect to have
bariatric procedures each year, placing a large population at risk for complex nutrient
deficiencies, including copper deficiency 9 However, the symptoms associated with copper
deficiency may become profound and then irreversible. Thus, greater awareness of copper
deficiency and its association with malabsorptive bariatric surgical procedures such as RYGB
is needed to ensure early diagnosis and appropriate therapy.
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