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Subacute combined degeneration (SCD) is a relatively rare myelopathy mainly caused by

vitamin B12 (VitB12) deficiency. There are many causes contributing to VitB12 deficiency.

Autoimmune gastritis might lead to severe VitB12 malabsorption and in its advanced

stage pernicious anemia (PA) may occur. Besides, long-term hypergastrinemia arising

from achlorhydria in autoimmune gastritis is associated with neuroendocrine tumors

(NETs). Patients diagnosed with SCD coexistent with PA and NET are seldomly reported.

We describe a 34-year-old woman with an initial complaint of progressive fatigue,

weakness and numbness in her limbs and disturbed gait. Physical examination revealed

appearance of anemia, ataxia, decrease of superficial and deep sense, and positive

Babinski’s sign. Laboratory tests disclosed macrocytic anemia, elevated intrinsic factor

antibody and spinal MRI showed extensive T2-weighted hyperintensity in the dorsal

columns. A gastric polyp was revealed by gastroscopy and histology showed an NET in

the background of severe atrophic gastritis. Symptoms of the patient were relieved by

a multidisciplinary therapy. In patients with SCD, PA should be suspected and prompt

further investigations to elucidate causes and direct treatment.

Keywords: subacute combined degeneration, vitamin B12 deficiency, pernicious anemia, autoimmune gastritis,

gastric neuroendocrine tumors

BACKGROUND

Subacute combined degeneration (SCD) is an uncommon kind ofmyelopathy. It is characterized by
demyelination of the lateral and dorsal columns of the spinal cord. SCDmainly results from vitamin
B12 (VitB12) deficiency from both dietary and non-dietary causes (Stabler, 2013). Among non-
dietary causes, autoimmune gastritis should not be neglected. Autoimmune gastritis is a disease
of chronic inflammation of the stomach characterized by the interaction of autoantibodies against
parietal cells and/or intrinsic factor (Neumann et al., 2013; Green et al., 2017). VitB12 absorption
might be influenced by intrinsic factor decrease, resulting in pernicious anemia (PA) in severe
conditions. Because of the autoimmune mechanism, high level of gastrin in circulation can be
detected in patients with autoimmune gastritis. Persistent hypergastrinemia might increase the

Frontiers in Neuroscience | www.frontiersin.org 1 January 2019 | Volume 13 | Article 1

https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2019.00001
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fnins.2019.00001
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2019.00001&domain=pdf&date_stamp=2019-01-25
https://www.frontiersin.org/articles/10.3389/fnins.2019.00001/full
http://loop.frontiersin.org/people/589852/overview
http://loop.frontiersin.org/people/432315/overview
http://loop.frontiersin.org/people/563037/overview
http://loop.frontiersin.org/people/586896/overview
http://loop.frontiersin.org/people/585275/overview
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


Zhang et al. SCD, PA and Gastric NET

risk of gastric neuroendocrine tumors (NETs) (Neumann et al.,
2013). The presence of coexisting SCD, PA and gastric NET is rare
in young patients, and they have normal diet without history of
gastrointestinal surgery. We herein describe a 34-year-old female
who developed SCD, PA and gastric NET which is related to
autoimmune gastritis.

CASE PRESENTATION

A 34-year-old woman was admitted to our hospital presenting
an 8-year history of progressively increasing fatigue, weakness
and numbness in her limbs, especially in the distal part,
and unsteady gait. Although she’d been to different hospitals
several times and discontinuously got oral VitB12 and blood
transfusion treatments, both hematologic and neurological
symptoms presented poor improvement and even deteriorated.
In the previous 20 days, the patient couldn’t walk or stand up,
and she also experienced palpitations and shortness of breath. She
has a history of vitiligo dating back more than 5 years. Her family
history and her diet were unremarkable. A general examination
revealed anemic appearance: pale palpebral conjunctivas, lips
and finger nails. The neurological examination showed weakness
(4/5) in the upper and lower extremities, decrease of superficial
and deep sense below elbows and knees and hyperactive deep
tendon reflexes in the lower extremities. The patellar clonuses,
ankle clonuses, Babinski’s sign, Chaddock’s sign and Hoffmann’s
sign were positive on both sides. She couldn’t complete the
heel-knee-tibia test very well.

Laboratory tests disclosed macrocytic anemia: RBC
(1.29∗10ˆ12/L, reference range 3.8–5.1∗10ˆ12/L), HGB (54 g/L,
reference range 115–150 g/L), MCV (129.6 fL, reference range
82–100 fL), MHC (42.0 pg, reference range 27–34 pg), MCHC
(324.0 g/L, reference range 316–354 g/L). The blood tests
also showed decreased WBC (2.03∗10ˆ9/L, reference range
3.5–9.5∗10ˆ9/L), elevated erythrocyte sedimentation rate (ESR)
(20.00 mm/h, reference range 0–18 mm/h ), normal ALT,
elevated AST (70 U/L, reference range 13–35 U/L), elevated total
bilirubin (30.1 µmol/L, reference range 5–21 µmol/L), elevated
direct bilirubin (10.2 µmol/L, reference range < 6 µmol/L),
elevated indirect bilirubin (19.9 µmol/L, reference range
2–15 µmol/L) and normal Cu (1166.2 µg/L, reference range
800–1500). Other significant laboratory results revealed a
remarkably reduced level of VitB12 (<50.000 pg/ml, reference
range 243–894 pg/ml), normal folate (19.26 ng/ml, reference
range 3.89–19.8 ng/ml), increased intrinsic factor antibody
(30.2 AU/ml, reference range < 1.53 AU/ml), elevated
homocysteine (Hcy) (94.7 µmol/L, reference range < 15 µmol/L)
and elevated LDH (3157U/L, reference range 120–230 U/L).
Analyses of amino acids and acyl carnitine of metabolic disease
in blood and organic acids in urine were unremarkable.

The pathology of the bone marrow biopsy reported image
of hyperplastic anemia. Neurogenic damage can be seen in the
electroneurography and electromyography, suggesting damage
of peripheral nerves in her lower limbs. The cranial magnetic
resonance image (MRI) scan had no positive findings, while
spinal MRI scan showed extensive T2-weighted hyperintensity in

the dorsal columns from the level of C3–C6 with inverted “V”
sign on axial series (Figure 1A). A gastric polyp was found by
gastroscope inspection (Figure 1C), located in the mucosa and
submucosa by endoscopic ultrasound (EUS) observation. The
polyp proved to be NET and revealed severe chronic atrophic
gastritis in pathology (Figures 1D–F).

Our patient was diagnosed with SCD, PA, gastric NET, vitiligo
and hyperhomocysteinemia. A multidisciplinary therapy plan
was forumlated: blood transfusions in the first week, a daily
intravenous injection of 1000 µg of mecobalamine, which is
a form of VitB12, for 14 days followed by 1000 µg every
week through intramuscular way and endoscopic submucosal
dissection (ESD) of NET.

After 14 days our patient had an easy walk and the feelings
of fatigue, weakness and numbness in her limbs were mostly
relieved. In the 3 months’ follow up, her anemia was corrected
(RBC: 4.91∗10ˆ12/L, HGB: 143 g/L, MCV: 88.2 fL). AST, VitB12,
bilirubin andHcy returned to the normal levels. The T2-weighted
hyperintensity of spinal MRI almost disappeared (Figure 1B).

DISCUSSION

In this case report, we discuss a young woman who suffered
from SCD and macrocytic anemia which were explained by a
remarkably reduced level of VitB12 in laboratory results. For
neurologists, only testing VitB12 is not enough since VitB12
deficiency can be caused by low dietary intake, malabsorption
(autoimmune gastritis, ileal disease, etc.), gastric and intestinal
surgery, inherited disorders and medications (Stabler, 2013).
While this patient had a balanced diet, with no family history
and no gastrointestinal surgical history, malabsorption should be
taken into consideration. Her elevated intrinsic factor antibody
indicated the possibility of autoimmune gastritis which was
confirmed by gastroscopy and there was also NET located in the
mucosa and submucosa. PA was therefore the accurate clinical
term for her macrocytic anemia.

Autoimmune gastritis is a chronically progressive inflamma-
tory disease of the fundus and body of the stomach, which
is characterized by the interaction of autoantibodies against
parietal cells and/or intrinsic factor (Neumann et al., 2013;
Green et al., 2017). On the one hand, the persistent interaction
may destroy the absorption of VitB12 in the terminal ileal
tract, which depends on intrinsic factors (Toh, 2014). Therefore,
from a mild autoimmune gastritis to a more advanced stage,
PA might occur as a consequence of severe VitB12 deficiency
(Neumann et al., 2013). In the nervous system, long tracts of
white matter in the dorsal and lateral columns of the spinal cord
are particularly vulnerable to demyelination (known as SCD),
as VitB12 is indispensable for the myelination of peripheral
and central neurons (Stabler, 2013; Green, 2017; Green et al.,
2017). On the other hand, oxyntic function is impaired due to
the effect of parietal cell antibody. Achlorhydria continuously
stimulates the gastrin-secreting cells, leading to a condition of
chronic hypergastrinemia. The lasting condition might induce
the proliferation of endocrine-like cells of the stomach, giving rise
to a possibility of NETs (Neumann et al., 2013). A recent study
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FIGURE 1 | Magnetic resonance image (MRI) findings, pathologic process, morphology and immunohistochemistry. (A) T2–weighted image shows increased signal

intensity (inverted “V” sign) in the dorsal columns of cervical cord. (B) After therapy, T2–weighted image shows increased signal intensity almost disappeared.

(C) Gastroscope shows a gastric polyp. (D) Hematoxylin and eosin staining (100×) displays a gastric NET (arrow) in the background of reduction of intrinsic glands

numbers and intestinal metaplasia (oval). (E) Hematoxylin and eosin staining (200×) shows nests of endocrine cells with the classical “salt and pepper” chromatin.

(F) Staining with anti-chromogranin antibodies (CgA) (200×) depicts dark brown endocrine cells (Ki67: 2%).

showed that there was an 11-fold increased risk of developing
NET in patients with PA compared with controls (Murphy et al.,
2015). Although it is possible that patients with autoimmune
gastritis might have SCD, PA and gastric NET at the same time,
such cases are scarce in neurological clinical practice (Shinotoh
et al., 1985). Through literature review, we found there was
only one case report of a patient with SCD, PA, and NET
simultaneously due to autoimmune gastritis (Shinotoh et al.,
1985).

From our point of view, although patients with SCD
concomitant with PA may not have complaint of gastrointestinal
disturbance, it is important to test intrinsic factor antibody and
perform a gastroscopy on SCD patients. This way, SCD patients

might get an accurate diagnosis and a better management. VitB12
deficiency is the main cause of SCD and PA, so supplements
of VitB12 is a key point in the management (Nagao and
Hirokawa, 2017). Low-dose oral VitB12 treatment is not effective
due to intrinsic factor antibody. Hence parenteral way, often
intramuscular injection of VitB12, is recommended for lifelong
time if the patient is diagnosed with PA (Stabler, 2013; Bizzaro
and Antico, 2014). In our patient, the gastroscopy helped
us diagnose autoimmune gastritis and NET which was then
removed by ESD. According to NCCN guidelines, finding gastric
NETs in time is crucial, as the size and numbers of NETs
may change over time and managements will be quite different
(Manisha et al., 2018). Once gastric NETs are removed by ESD,
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further surveillance is needed. It is recommended to take
follow-up endoscopies every 6–12 months for the first 3 years
and then at yearly intervals if there is no evidence of progression
(Manisha et al., 2018).

In conclusion, although SCD is not hard to diagnose and
neurologists have awareness of VitB12 testing, it is difficult to
find out the reasons of VitB12 deficiency in certain circumstances.
If we just give symptomatic treatment rather than seeking out
the exact reasons, it might delay the effective treatment and lead
to aggravation of SCD. Therefore, we suggest that SCD patients
without an obvious reason for their VitB12 deficiency should be
examined by intrinsic factor antibody testing and gastroscopy if
necessary. When SCD is concomitant with gastrointestinal and
hematic diseases as in our patient, we appeal to neurologists to
work together with other specialists to give the SCD patients
a comprehensive and sustained treatment. It is vital to identify
the potential etiology, guide the treatment and improve the
long-term prognosis.

CONCLUDING REMARKS

When confronted with SCD patients, especially ones with VitB12
deficiency, neurologists should dig harder for possible reasons
rather than just starting symptomatic treatment. It is important

to test intrinsic factor antibody and carry on gastroscopy for SCD
patients under certain conditions.
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