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Abstract

BACKGROUND

Percutaneous endoscopic gastrostomy with jejunal extension (PEG-]) is often used
to treat patients with neurological impairment and difficulty in swallowing.
However, these patients often develop copper deficiency. This report describes a
case of isolated neutropenia, which is a rare manifestation of copper deficiency.

CASE SUMMARY

Our patient was a 19-year-old boy with neurological impairment and gastroeso-
phageal reflux. He received PEG-] feeding, including an enteral supplement
containing copper and zinc. However, as his serum zinc level was low (53 pg/dL)
at the age of 19 years and 2 mo, we changed to a zinc-rich supplement containing
22 mg/d of zinc and 1.0 mg/d of copper. The supplement comprised a mixture of
isocal 1.0 junior (5 packs/d), Tezon [2 packs (250 mL)/d], and cocoa powder.
Seven months later, he had neutropenia (606/ mm?®) with a serum copper level of
16 png/dL. There were no other manifestations of copper deficiency, including
anemia. Copper deficiency and neutropenia both improved following the
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administration of cocoa powder and Tezon.

CONCLUSION
In patients receiving long-term PEG-] feeds, white blood cell counts, hemoglobin,
and serum levels of copper and zinc should be regularly monitored.

Key Words: Percutaneous endoscopic gastrostomy with jejunal extension feeding; Neutro-
penia; Copper; Zinc; Deficiency; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with percutaneous endoscopic gastrostomy with jejunal extension
(PEG-J) often develop copper deficiency. Approximately 2 mg/d of copper may be
needed to prevent deficiency. The intake ratio of copper to zinc is critical for
maintaining an adequate serum copper concentration. We report an isolated case of
neutropenia caused by copper deficiency in a patient with neurological impairment
receiving PEG-J feeding with additional supplementation of zinc. Copper deficiency
improved with the addition of cocoa powder to the enteral formula.

Citation: Ohmori H, Kodama H, Takemoto M, Yamasaki M, Matsumoto T, Kumode M,
Miyachi T, Sumimoto R. Isolated neutropenia caused by copper deficiency due to jejunal
feeding and excessive zinc intake: A case report. World J Clin Cases 2021; 9(29): 8825-8830
URL: https://www.wjgnet.com/2307-8960/full/v9/i29/8825 htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i29.8825

INTRODUCTION

Patients with neurological impairment often experience difficulty in swallowing. They
also often experience gastroesophageal reflux (GER), which induces reflux esophagitis
and aspiration pneumonia[l]. Percutaneous endoscopic gastrostomy (PEG) and
fundoplication are used to treat these conditions that are associated with prolonged
enteral feeding in such patients[2]. Jejunal tube feeding by PEG with jejunal extension
(PEG-]) is also used to treat GER in these patients[3-5]. However, patients receiving
PEG-] feeding occasionally develop deficiencies in trace elements, including copper[6-
9]. We report an isolated case of neutropenia caused by copper deficiency in a patient
with neurological impairment receiving PEG-] feeding. The copper deficiency was
improved by the addition of cocoa powder to the enteral formula.

CASE PRESENTATION

Chief complaints
Nutritional care.

History of present illness

At the age of 16 years, upper gastrointestinal examination revealed that he had
complicated GER. During an examination, he accidentally suffered a cardiac-
respiratory arrest. After resuscitation, he was bedridden with spastic quadriplegia and
difficulty in swallowing.

At the age of 18, a PEG-] catheter was inserted in the proximal jejunum 60 cm from
the gastrostomy site for nutrition (Figures 1 and 2). The catheter tip was located 4 cm
below the ligament of Treitz. An enteral formula containing Lacol (900 mL/d) and
BFLUID (500 mL/d) was administered, which provided 1260 kcal, 1.1 mg of copper,
and 5.8 mg of zinc per day. At the age of 19 years and 2 mo, a low serum level of zinc
[53 pg/dL (normal range: 80-130 pg/dL)] was detected. Therefore, we replaced the
enteral formula with a zinc-rich one containing isocal 1.0 junior (Nestle Health Science,
Tokyo; 5 packs/d) and VCRESC CP-10 (NUTRI Co., Ltd., Mie; 1 pack/d), which
provided 1080 kcal, 1.0 mg of copper, and 22.0 mg of zinc (zinc to copper ratio: 22:1)
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Figure 1 Radiograph confirming the proper placement of the percutaneous endoscopic gastrostomy with jejunal extension catheter's tip

in the upper jejunum (arrow).

Figure 2 X-ray findings after the infusion of the contrast medium (gastrograffin) through the percutaneous endoscopic gastrostomy with
jejunal extension catheter. The contrast medium is visible from the upper jejunum to the lower part of the small intestine. However, it is not observed in the reflux

to the duodenum.

per day.
History of past illness
The patient was a 19-year-old boy diagnosed with xeroderma pigmentation type A
based on the clinical manifestations and analysis of XPA 9q34.1. Due to neurological
impairment, his motor development was delayed. He also developed GER.
Personal and family history
The patient did not have a remarkable family history.
Physical examination
At the age of 19 years and 4 mo, he was admitted to our hospital. On admission, the
patient's height was 152 cm, and he was appreciably underweight at 35 kg. The patient
was bedridden, non-verbal, unable to sit upright, roll over, or walk. Intermittent urine
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catheterization had been performed due to neurogenic bladder. Mental retardation
was severe and IQ was presumed < 35. His respiratory and heart sounds were normal.
The abdomen was soft and nondistended.

Laboratory examinations

As shown in Table 1, at admission, his neutrocyte count was 2475/ mm?®, and the serum
levels of copper and zinc were 111 pg/dL and 53 pg/dL, respectively. As the serum
zinc level was still low, the same enteral formula was continued. However, at the age
of 19 years and 9 mo, the patient developed neutropenia (606/mm?®) (Table 1). His red
blood cell and platelet counts, hemoglobin, and serum levels of zinc and selenium
were all normal. However, the serum levels of copper and ceruloplasmin were
significantly decreased to 16 pg/dL and 4.6 mg/dL (normal range: 21-37 mg/dL),
respectively.

Imaging examinations

Figures 1 and 2 present the radiographs that were obtained when the PEG-] catheter
was inserted at the age of 18 years; these confirm the proper placement of the
catheter’s tip in the upper jejunum and the infusion of the contrast medium (gastro-
graffin) through the catheter, respectively. The contrast medium was noted from the
upper jejunum to the lower portion of the small intestine.

FINAL DIAGNOSIS

He was diagnosed with neutropenia due to copper deficiency. No other symptoms of
copper deficiency, such as hair abnormalities, were observed.

TREATMENT

To treat the copper deficiency, the enteral formula was changed to a mixture of isocal
1.0 junior (5 packs/d), Tezon [TERUMO Co., Ltd., Tokyo; 2 packs (250 mL)/d], and
cocoa powder [Morinaga & Co., Ltd, Tokyo; 2 spoons (10 g of cocoa)/d]. Tezon is a
supplement of trace elements containing zinc (8.0 mg/250 mL) and copper (0.6
mg/250 mL). Ten grams of cocoa powder contained 0.7 mg of zinc and 0.38 mg of

copper.

OUTCOME AND FOLLOW-UP

The new enteral formula provided 1076 kcal, 1.98 mg of copper, 18.0 mg of zinc (zinc
to copper ratio: 18:1.98). Two months later, the neutrocyte count and serum levels of
copper and ceruloplasmin were normal, as shown in Table 1. The serum C-reactive
protein level was negative during this period.

DISCUSSION

Copper deficiency is caused by jejunal feeding, low copper intake, excessive zinc
intake, the malabsorption syndrome, and parenteral nutrition[10]. When our patient
developed copper deficiency, his copper intake of 1 mg/d was in line with the
recommended daily allowance of 0.9 mg/d for men aged 18-29 years old[11].

Copper is absorbed in two phases: The early phase occurs in the stomach and the
proximal duodenum, while the delayed phase occurs in the distal duodenum and the
small intestine[6,7].

Figure 2 clearly shows the contrast flowing from the catheter into the upper jejunum
and below, but no contrast was seen in the reflux to the duodenum. These findings
indicated that copper from the enteral formula was not absorbed in the stomach and
the duodenum, leading to its deficiency.

In our patient, the nutritional formula was changed to a zinc-rich preparation 3 mo
prior to the onset of neutropenia. While the recommended ratio of zinc: copper intake
is 5-10:1[12], our enteral formula had a much higher ratio of 22:1. Excessive zinc intake
has been shown to induce copper deficiency through the induction of metallothionein,
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Table 1 Laboratory data

Age 19 yr4 mo 19 yr 6 mo 19 yr 9 mo 19 yr 10 mo 19 yr 11 mo
RDA!

Cu intake (mg/d) 0.9 1.0 1.0 1.98 1.98 1.98

Zn intake (mg/d) 11 22 22 18 18 18

Kcal 1080 1080 1076 1076 1076

Normal ranges

WBC (/mm®) 3300-8600 5000 4800 2900 3700 4200
Neutrocyte (/mm®) 2475 1786 606 1166 1865
RBC x 10* (/mm’) 435-555 468 489 468 464 486
Hb (g/dL) 13.7-16.8 13.6 14.6 14.4 145 15.0
Platelets x 10* (/mm®) 15.8-34.8 28.5 18.8 18.8 21.6 20.0
Cu (pg/dL) 66-130 111 65 16 92 116
Zn (pg/dL) 80-130 53 106 86 70
Se (pg/dL) 10.6-17.4 92 99 109 84
Fe (pg/dL) 54-181 64 93 80 923
Ferritin (ng/mL) 25-280 54 111 96
Ceruloplasmin(mg/dL) 21-37 159 4.6 195 20.4

IRecommended dietary allowance at the age of 18-29 years[11]. RDA: Recommended dietary allowance; Cu: Copper; Zn: Zinc; Kcal: Kilocalorie; WBC:
White blood cell; RBC: Red blood cell; Hb: Hemoglobin; Se: Selenium; Fe: Iron.

an endogenous metal chelator with a higher affinity to copper than to zinc. An
increase in metallothionein levels further inhibits enteric copper absorption in the
intestinal epithelial cells[13]. Thus, the ratio of zinc to copper is critical for preventing
copper deficiency. Therefore, copper deficiency in our patient could have been caused
by the combination of PEG-] feeding and excessive zinc intake.

Copper is an essential trace element that functions as a cofactor for several enzymes,
including cytochrome C oxidase, dopamine p-hydroxylase, lysyl oxidase, and cerulo-
plasmin. Copper deficiency leads to a decrease in the activities of these enzymes,
resulting in various manifestations of the deficiency, including hair abnormalities,
osteoporosis, and neurological dysfunction (such as sensory ataxia and peripheral
neuropathy)[14-16]. Copper deficiency also results in hematological abnormalities[8,

7

Halfdanarson et al[17],in a study of 40 patients, reported the hematological
manifestations of copper deficiency. While 52.5% of the patients had anemia and
leukopenia, 30% only had anemia, 10% had pancytopenia, 5% had anemia and
thrombocytopenia, and only one patient had isolated neutropenia. Therefore, isolated
neutropenia, as seen in our patient, is a rare manifestation of copper deficiency.

Neutropenia and anemia caused by copper deficiency have different etiologies.
Anemia due to copper deficiency is caused by the inhibition of ferroxidase copper-
dependent enzymes[18], resulting in impaired hemoglobin synthesis. In contrast,
copper deficiency-induced neutropenia is speculated to be caused by the destruction
of myeloid progenitor cells in the bone marrow, impaired maturation of myeloid
precursors, and arrested maturation of neutrophils[16,17].

In PEG-] feeding, copper is absorbed only via the upper jejunum and below, but not
via the stomach and the duodenum. Thus, a copper intake higher than the dietary
reference intake of copper is required, as shown in our patient. Copper deficiency in
our patient was improved by the administration of Tezon (2 packs/d) and cocoa
powder (2 spoons containing 0.7 mg of zinc and 0.38 mg of copper, per day), along
with the enteral formula, via the jejunal feeding tube. Cocoa powder contains both zinc
and copper, in a ratio of 1.8:1. It, therefore, has sufficient copper as compared to zinc.
Nishiwaki et al[6] have also reported that copper deficiency was improved by adminis-
tering 10 g of cocoa powder a day to a patient with dysphagia receiving PEG-] feed;
this is consistent with our findings.
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CONCLUSION

Our findings indicate that approximately 2 mg/d of copper may be needed to prevent
its deficiency. Besides the amount of copper intake, its ratio to zinc intake is also
critical for maintaining adequate serum levels of copper. These findings are especially
relevant in the treatment and management of patients receiving jejunal feeding.
However, this study represents only one case report about copper deficiency due to
jejunal feeding. As jejunal feeding is increasingly used to aid patients with difficulty in
swallowing, it is critical to study the quantity of copper needed for this procedure.
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