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Introduction

Subacute Combined Degeneration (SCD) is a kind of degen-
erative disease referring to the injury of posterior and lateral 
columns of the spinal cord, which is usually induced by Vitamin 
B12 deficiency. The cardinal symptoms of SCD were paresthe-
sia, ataxia, instability of gait, spastic paraplegia, and peripheral 
neuropathy. Vitamin B12 deficiency can result in body disorders 

in lots of systems, such as hematological, digestive, mental and 
central nervous systems [1]. The clinical characteristics of SCD 
may not be typical, for instance, the gastric diseases may be 
absent, the disorder in hematological system may not exist, be-
sides, some patients even have the separate symptom of men-
tal anomaly. Early identification and treatment are urgent and 
significant for SCD, which will protect patients from irreversible 

Abstract

Purpose: Subacute Combined Degeneration (SCD) is a kind of neu-
rodegenerative diseases which is easy to be misdiagnosed because of 
some promiscuous symptoms and atypical laboratory test results. The 
prognosis would be poor if patients had clinical symptoms of myelop-
athy for a long time. Therefore, doctors should combine pre-existing 
conditions, clinical symptoms and correlated laboratory examinations 
to make definite diagnosis quickly and accurately.

Case report: Three middle-aged patients aged from 41 to 63, one 
male and two females were diagnosed SCD with progressive ascending 
numbness in four limbs or both legs. For some reason, none of them 
got the right diagnosis in the first place. In case 1, blood cell analysis re-
vealed a decrease in three series including white blood cells, platelets 
and hemoglobin. In case 2, the blood cell analysis of the patient did not 
show signs of anemia at all. While the initial clinical symptom in case 
3 was just a mild psychiatric symptom. Although their final diagnosis 
were clear, the failure not to take SCD into consideration at the first 
time was worthy of reflection. Fortunately, their neurological status 
improved after vitamin B12 supplementation.

Conclusion: Usually, some confusing symptoms and a typical lab-
oratory may make SCD easy to be misdiagnosed. Early diagnosis and 
treatment are critical to the prognosis. Thus, the clinicians must cap-
ture the related clinical characteristics.

Keywords: subacute combined degeneration; vitamin b12 deficien-
cy; clinical characteristics.
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Figure 1: Bone marrow cell examination of the patient showed: 
Hyperplasia of the bone marrow with a decreased erythroid ratio 
and megaloblastic-like changes.

neurological sequelae. Therefore, how the clinicians capture 
the effective clues to make the right diagnosis is worth discuss-
ing.

Here, we report on three patients who were diagnosed SCD 
with progressive ascending numbness in four limbs or both legs, 
but for some reason, none of them got the right diagnosis in the 
first place.

Case presentations

Case 1

The patient was a 63-year-old retired woman living in China 
with a personal history of hypertension and chronic gastroen-
teritis. Her diet was varied.

One week ago before she came to our hospital, she began to 
feel numbness and weakness in her lower extremities, sustain-
ing free from the rest or exercise. The abnormalities were not 
paid attention at first. Shortly afterwards, she had the symptom 
of ataxia. She did not come to the hospital until she lost the abil-
ity of independent ambulation.

Based on the past medical history, we found that the patient 
had suffered from glottitis for almost five years, and had no re-
sponse to treatment of medications. She had poor appetite two 
weeks ago. She didn’t receive any blood test during such a long 
time except gastroscope examination.

On admission, neurological examination revealed that the 
mental status, cranial nerve and the strength of all limbs are 
normal. Her mirror-like tongue was notable. Besides, she also 
had hypesthesia in arms and legs. We also observed absent 
knee and achilles jerk as well as negative babinski reflex in 
the neurological examination. The routine blood examination 
shocked us. The results revealed a decrease in white blood 
cells, platelets and hemoglobin (WBC 2.56 X 109/L, PLT 100 X 
109/L, HGB 64g/L, MCV 107.0fl). Thyroid function, Paroxysmal 
Hemoglobinuria (PNH) test, Myelodysplastic Syndrome (MDS) 
immunologic test, multiple PCR test and Nerve Conduction 
Velocity (NCV) test were all normal. Significantly, Vitamin B12 
concentration was 10 pg/ml (180-914), while the folate con-
centration was 24 ng/ml (3.1-19.9). We even did bone marrow 
puncture for further examination, the result showed hyperpla-
sia of the bone marrow with a decreased erythroid ratio and 
megaloblastic-like changes could be observed (Figure 1). TET2 
gene p.Gln705* and KMT2C gene p.Pro821Leu mutation were 
detected. These specialized examinations were of great benefit 
for us to distinguish the disease from refractory anemia. Fur-
thermore, the patient also received whole spine MRI scan. The 
MRI demonstrated normal T1 and high T2 signal in the posterior 
and lateral columns from C3-T11 level (Figure 2a), while axial 
T2-weighted imaging showed high signal vividly described as a 
inverted V sign [2-4] (Figure 2b).

The patient received a dose of vitamin B12 0.5 mg/d and vi-
tamin B1 100 mg/d via intramuscular injection and folic acid 
tablets 5 mg/d through the mouth. After two weeks of treat-
ment, she could independently maintain a standing position 
with a walker, but she still had difficulty in walking by herself. 
The paresthesia in the lower extremities improved substantial-
ly. After discharged from the hospital, she was treated by oral 

Figure 2: Spinal magnetic resonance imaging of the patient. (a) 
Sagittal T2-weighted imaging showed hyperintensity in the dorsal 
column of the cervicothoracic (C3-T11) spinal cord. (b) Axial T2-
weighted imaging demonstrated hyperintensity within the pos-
terior and lateral columns, creating ainverted V sign. (c,d) Spinal 
magnetic resonance imaging of the patient (four months after 
treatment).

administration of vitamin B12 500 μg three times a day and folic 
acid tablets 5 mg/d. Physical therapy focusing on activities of 
daily living continued.

Four months later after discharge, she came to our clinic 
for return visit. She was able to walk alone without any help, 
though the numbness in her right lower extremity still haunted 
her. Blood tests as well as vitamin B12 concentration were nor-
mal. We also reviewed the cervical cord magnetic resonance, 
the abnormal signal disappeared (Figure 2c,d). 

Case 2

A 41-year-old male suffered from persistent numbness in 
his ring and middle fingers for two months. He was a factory 
worker. He had drunk two liquors a day for ten years. He went to 
the local hospital for MRI examination of his cervical spine, the 
results was abnormal. He was then referred to our neurology 
ward for further treatment.

Neurological examination revealed hyporeflexia and weak-
ened deep sensation in bilateral lower extremities. The routine 
tests were normal, including complete blood count, urinalysis, 
and blood chemistries. The concentrations of homocysteine in 
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the blood were high (45.6 umol/L), so he took folic acid and 
vitamin B12 according to medical advice. We further checked 
markers of vascular inflammation, makers of tumor, antibody 
of paraneoplastic syndrome and antibody of autoimmune an-
tibody for a definitive diagnosis, they were all normal. In addi-
tion, we did a lumbar puncture. The CSF pressure was normal, 
but the protein in the cerebrospinal fluid was slightly high (0.53 
g/L). We reviewed his MRI results in the local hospital and not-
ed the long segmental hyperintensity changes at the posterior 
column from C3 to C7 level (Figure 3), which reminded us to 
check the serum vitamin levels. The result of serum vitamin B12 
level was normal, it was likely attribute to the supplement of 
vitamin B12 after his hospitalization. He continued to receive 
vitamin B12 (0.5 mg/d) supplements by intramuscular injection. 
When he discharged, he reported that his numbness was re-
lieved than before. 

Figure 3: Spinal magnetic resonance imaging of the patient. (a) 
Sagittal T2-weighted imaging showed hyperintensity in the dorsal 
column of the cervical spinal cord (C3-C7). (b) Axial T2-weighted 
imaging demonstrated hyperintensity within the posterior and lat-
eral columns, creating ainverted V sign. 

Case 3

The patient was a 55-year-old woman. She had high blood 
pressure for almost ten years and thyroid nodules was detected 
during a physical examination three years ago. Her diet was var-
ied. When we saw her in the neurology ward, she told us that 
she began to feel hot and bulging in her upper extremities half 
a year ago. Three months later, the same symptoms appeared 
on her both lower limbs below the knee joint, worsened after 
walking. Notably, by asking past medical history, we realized 
that she became irritable and suspicious before the onset of her 
physical symptoms. She used to be a very good-natured person 
according to her husband. Thus, she took some Chinese patent 
medicine for menopause, but it didn’t work.

Neurological examination revealed the reduced pain percep-
tion of both hands. There were no other obvious positive signs. 
The routine tests including blood routine after admission were 
general normal. The markers of vascular inflammation, mak-
ers of tumor, antibody of paraneoplastic syndrome, antibody 
of autoimmune antibody, complete analysis of immunopro-
teins, urine Bence-Jone protein (BJP), and the concentration of 
homocysteine were all in normal range. But the levels of thy-
roid globulin antibody (TGAb, 154.7I U/ml, ≤115), thyroid per-
oxidase antibody (TPO-Ab, 161.6IU/ml, <34) were high, while 
other indicators related to the thyroid gland were normal. NCV 
showed that the latent period of the motor nerve conduction 
of the right median nerve was prolonged, and the sensory con-
duction velocity of the bilateral median nerve was decreased. 
F-wave and H-reflex were normal. Analysis of the cerebrospinal 

fluid showed the number of white blood cells is 10 X 106/L (0-8), 
others were normal. To find out more, we suggested a gastric 
endoscopy examination and MRI scan of cervical spine, but she 
refused.

She was treated with small dose of methylprednisolone for a 
few days. However, she became more agitated during the medi-
cation. Accompany with the deteriorative psychiatric symptom, 
we further checked the serum vitamin B12 concentration with 
the results of 77 pg/ml (187-883). We immediately adjusted 
our treatment and supplied her with a dose of Vitamin B12 0.5 
mg/d and Vitamin B1 100 mg/d. At discharge, the patient felt a 
little bit improvement in her symptoms. 

Discussion 

Clinically, the middle-aged group is in high-risk of SCD. Ac-
cording to the International Journal of Epidemiology analysis, 
the average age of the deficiency of vitamin B12 is at about 60 
years old 2-4. There are a wide variety of the reason of lack of 
vitamin B12. Firstly, unhealthy diet such as vegan or excessive 
diet contributes to the anomalous absorption of B12. Besides, 
digestive system disorders such as atrophic gastritis, stomach 
ulcers, subtotal gastrectomy, and bowel resection are used to 
be the common causes of SCD. However, with the improve-
ment of medical treatment, the cause of SCD has been deeply 
understood. Long term use of medications such as metformin, 
proton-pump inhibitor, and H2 receptor antagonist can reduce 
B12 intake 3, 4. A study of 799 patients who received metfor-
min for at least 3 months showed that metformin could lead to 
a decrease in vitamin B12 levels, especially over a period of 4 
years, with a significant decrease in the mean daily dose of > 
1000 mg [5]. A related meta-analyses also suggested that taking 
metformin could reduce vitamin B12 levels [6].

Some scholars have also found that thyroid hormones pro-
mote the normal function of the digestive system. Excess or de-
ficiency of thyroid hormone can lead to absorption disorders of 
vitamin B12 [7]. In our case 3, the levels of TGAb and TPO-Ab 
were beyond the normal range, while thyroid hormones were 
normal. Whether the antibody of thyroid could also contribute 
to the absorption disorders of B12 needs further research. And 
previous studies have shown that 40.5% of patients with hy-
pothyroidism were also associated with vitamin B12 deficiency. 
Zhu Haibing et al. analyzed 17 patients with SCD and found that 
35.3% of them had subclinical hypothyroidism [7,8]. But oth-
ers point out that there is not enough evidence to test regular 

Figure 4: The differential diagnosis of a case: Signs located in the 
pyramidal tract and posterior cord, chronic progressive processes.
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Table 1: The differential diagnosis of a case: Signs located in the pyramidal tract and posterior cord, chronic progressive processes.

Case Sex Age Initial symptoms
Digestive  
system 
disease

Spinal cord MRI Laboratory data

1 F 63 Both legs numbness and weakness glottitis
Hyperintensity changes 
at the posterior and lat-
eral column (C3-T11)

Hb 47 g/L, MCV 117.1fl, Vitamin B12 (180-
914) 10 pg/ml, Hcy -.

2 M 41 Both hands numbness -
hyperintensity changes 
at the posterior column 
(C3-C7) 

Hb 163 g/L, MCV 98 fl, Vitamin B12 240 
pg/ml, Hcy 45.6 umol/L.

3 F 55 Personality change - - Hb 134 g/L, MCV 91fl, Vitamin B12 77 pg/
ml, Hcy 10.5 umol/L.

4 M 81 Both hands numbness -
hyperintensity changes 
at the posterior column 
(C3-C6)

Hb 109 g/L, MCV 103.8 fl, Vitamin B12 
36.9 pg/ml, Hcy 5.9 umol/L.

5 M 68 Both legs weakness Subtotal 
gastrectomy normal Hb 123g/L, MCV 87.7fl, Vitamin B12 10 

pg/ml, Hcy 7.9 umol/L.

6 M 72 Both legs weakness, ataxia - - Hb 65 g/L, MCV 115.4 fl, Vitamin B12 38 
pg/ml, Hcy 69.3 umol/L.

7 F 66 Both hands numbness Partial proc-
tectomy

hyperintensity changes 
at the posterior column 
(C3-C6)

Hb 119 g/L, MCV 100.8fl, Vitamin B12 40 
pg/ml, Hcy 40.2 umol/L.

8 M 64 Both legs weakness, ataxia
Chronic 
colitis, gastric 
ulcer

normal Hb 137 g/L, MCV 86.9fl, Vitamin B12 79 
pg/ml, Hcy 7.3 umol/L.

9 M 73 Four limbs numbness, dizzy - normal Hb 121 g/L, MCV 109.2 fl, Vitamin B12 55 
pg/ml, Hcy 43.1 umol/L.

Table 2: A comparison of clinical features of case 1: prior and 
after treatment.

Prior treatment After treatment

Symptoms
Four limbs numbness and 
weakness, ataxia, lost the 
ability of ambulation

Right leg numb-
ness

Physical examination

hypesthesia in four limbs, 
decreased proprioception 
in both legs,absent knee 
and achilles jerk

hypesthesia in 
right leg

Hb (g/L, 115-150) 49 127

MCV (fl, 82-100) 117.1 86.3

Vitamin B12 (pg/ml, 
180-914) 10 450

MRI scan

Sagittal T2-weighted imag-
ing showed hyperintensity 
in the dorsal column of 
the cervicothoracic (C3-
T11) spinal cord. Axial 
T2-weighted imaging dem-
onstrated hyperintensity 
within the posterior and 
lateral columns. 

Sagittal T2-weight-
ed and axial T2-
weighted imaging 
showed that the 
abnormal signal 
disappeared

screening of vitamin B12 levels in hypothyroidism patients un-
less they have an autoimmune thyroid disease [9].

Genetic factors may also be responsible for SCD. According 
to a new report, some patients were found with a genetic de-
fect in transcobalamin. The disease is an autosomal recessive 
disorder, causing decreased levels of stored vitamin B12 and 
functional vitamin B12. Usually, serum vitamin B12 levels are 
normal while levels of homocysteine are high [3]. Nitrous Oxide 
(N2O) is aanesthetic and analgesic drug. Nowadays, it is often 

abused by young people who are blindly seeking pleasure [10]. 
Nitrous oxide interacts with vitamin B12 in elective inhibition of 
methionine synthetase and directly affects DNA synthesis and 
nerve axon integrity [11]. In a word, nitrous oxide induces sub-
acute combined degeneration through the inactivation of the 
vitamin B12 metabolism [10,12,13]. Therefore, it reminds us 
that we should ask whether they have the past history of inha-
lation of N2O when facing healthy young man.

The patient in our case 2 did not have a clear result of de-
creasing vitamin B12 level. But even if the level of vitamin B12 
was within the normal range, the phenomenon could also be 
explained. Normal serum vitamin B12 level doesn’t mean it has 
a normal utility of B12 in the organization [14]. Patients with 
normal serum vitamin B12 may also have anormal serum trans-
cobalamin TC, which can improve the efficiency of vitamin B12 
uptake by cells through TC receptor mediated catalysis. Through 
enzymatic reactions, vitamin B12 binds in the mitochondria 
and cytoplasm to form active forms of adenosylcobalamin and 
mecobalamin, which act as catalysts to convert methylmalone-
phthalide CoA (CoA) and Hcy to succinyl CoA methionine re-
spectively [15]. Therefore, if patients have severe vitamin B12 
deficiency, they will have severe high levels of Methylmalonic 
Acid (MMA) and Hcy.

Hematological symptom of SCD usually appears as Mega-
loblastic Anemia (MA) [9]. MA is a developmental disorder of 
nucleus and cytoplasm caused by the deficiency of folate or 
vitamin B12 [16]. In all types of anemia, Mean Corpuscular 
Volume (MCV) and Red Cell Distribution Width (RDW) of MA is 
of great specificity. However, sometimes MA can represent as 
three series decreasing in the blood routine. Thus, MA should 
be distinguished from Myelodysplastic Syndrome (MDS). Both 
of the two diseases have obscure onset and progressive aggra-
vation, along with obvious anemia symptoms, which are easy to 
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be misdiagnosed. MDS is one of the malignant clonal diseases 
derived from hematopoietic stem cell. The disease is marked by 
the reduction of one or more lines of peripheral blood cells [17]. 
The diagnostic treatment is effective in differentiation between 
the two diseases. Patients of MA would have a good prognosis 
to a great extent with the supplement of folic acid and/or vi-
tamin B12. If necessary, histocytochemical staining, molecular 
biology and flow cytometric immunophenotypic analysis can be 
used for comprehensive consideration.

As an objective indicator of nerve damage, neuroelectro-
physiology is more reliable than subjective sensation. Some ex-
perts believe that spinal nerve conduction velocity can provide 
the basis for the early diagnosis of SCD [18].

MRI can identify the lesion and extent of SCD, which is not 
only important for early diagnosis and differential diagnosis, 
but also valuable for clinical follow-up. In MRI, SCD is mostly 
manifested as cervicothoracic posterior cord and/or lateral 
cord, symmetrical long T1 and long T2 signals. It is usually not 
enhanced and is inverted V-shaped at the axial position. The 
upper thoracic posterior cord is usually the first to be involved, 
and then expands to the upper and lower direction, gradually 
involving the lateral cord, and further involving the anterior 
cord and gray matter. White matter lesions are often heavier 
than gray matter [3]. The lesion reported in this paper were all 
located in the cervical and/or thoracic regions. In case 1, after a 
few months of vitamin B12 treatment, the abnormal signals in 
MRI were completely disappeared. A study had shown that SCD 
in the chronic stage was dominated by fibrous hyperplasia, and 
the glial cell hyperplasia was not obvious, so MRI performance 
could be normal [19].

Most patients with SCD have a subacute or chronic onset, 
and the symptoms develop gradually. Thus, there is generally 
no particular time of SCD onset. Meanwhile, SCD lacks of char-
acteristic symptoms and signs. It’s known to all that the main 
clinical manifestations are limb paresthesia, spasmodic dyskine-
sia and ataxia, but the rare clinical manifestations just like men-
tal symptoms, cognitive impairment and dysphagia are easily 
forgotten.

To sum up, the prognosis of SCD is time-dependent. There-
fore, the clinicians should be familiar with the atypical charac-
teristics of SCD and can combine the pre-existing conditions, 
clinical symptoms and correlated laboratory examinations to 
make quick and accurate diagnosis.

Highlights

● Three middle-aged patients didn’t got the right diag-
nosis in the first place.

● The causes of SCD has been deeply understood.

● SCD isn’t usually associated with a clear result of de-
creasing vitamin B12 level.

● MA can represent as three series decreasing in the 
blood routine.

● Mental symptoms, cognitive impairment and dyspha-
gia can also be the clinical manifestations of SCD.
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