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Summary
Microangiopathic haemolytic anaemia with 
thrombocytopenia, called pseudo-thrombotic 
microangiopathy (tMa), is a clinically important 
complication in patients with vitamin B12 deficiency. 
We herein present a case of an 80-year-old woman 
with pseudo-tMa after gastrectomy. she was initially 
suspected with thrombotic thrombocytopenic purpura 
based on rapid progression of anaemia with schistocytes 
and thrombocytopenia; however, her anaemia and 
thrombocytopenia were improved by vitamin B12 
supplementation alone, with a single session of plasma 
exchange. Vitamin B12 deficiency was finally confirmed 
by low vitamin B12 levels from the patient’s initial blood 
sample. In addition, normal aDaMts13 activity was proven, 
lowering the likelihood of thrombotic thrombocytopenic 
purpura. therefore, this patient was diagnosed with 
pseudo-tMa caused by vitamin B12 deficiency. pseudo-
tMa can occur in patients with vitamin B12 deficiency 
post-gastrectomy.

BaCkground 
Vitamin B12 deficiency is relatively common, partic-
ularly in people aged over 60 years.1 A wide range 
of clinical manifestations of vitamin B12 deficiency 
has been reported, corresponding to clinical severity: 
fatigue, anaemia, glossitis and subtle neurological 
disturbance are often observed in patients with mild 
to moderate deficiency, whereas severe haemato-
logic disturbance, severe neurological features and/or 
cardiomyopathy are observed with severe deficiency.1 
Among haematologic disturbances, microangiopathic 
haemolytic anaemia with thrombocytopenia or pseu-
do-thrombotic microangiopathy (TMA)2 is a partic-
ularly important clinical complication in patients 
with vitamin B12 deficiency because distinguishing 
between this condition and life-threatening throm-
botic thrombocytopenic purpura (TTP) is challenging 
at the time of presentation.3 Although pernicious 
anaemia is a well-known cause of vitamin B12 defi-
ciency with pseudo-TMA, there is a paucity of data on 
pseudo-TMA due to vitamin B12 deficiency resulting 
from other causes. We herein describe a case of an 
elderly patient with pseudo-TMA whose vitamin B12 
deficiency was caused by gastrectomy.

CaSe preSenTaTion
An 80-year-old Japanese woman was referred to 
our hospital due to suspicion of TTP. Twenty years 

prior, she underwent total gastrectomy, cholecystec-
tomy and splenectomy for gastric cancer. Macrocytic 
anaemia was identified by her family physician, and 
she had been receiving vitamin B12 supplementa-
tion for 10 years; however, she stopped her treat-
ment with details unknown. Although she had had 
no discomfort in daily living, her family noted that 
her cognitive function had mildly declined beginning 
6 months earlier. One month prior, non-palpable 
purpura appeared on her left anterior thigh. One 
day before admission, she had headache and lost 
her appetite. On the day of presentation, her family 
found her lying on the floor without consciousness, 
and she was transferred to a hospital by ambulance. 
Her blood test showed thrombocytopenia, anaemia 
and elevated creatinine levels. Blood smear showed 
schistocytes. She was suspected to have TTP and was 
transferred to our hospital for further evaluation 
and treatment. Her medical history included type 
2 diabetes, hypertension, osteoporosis and chronic 
constipation. She took ferrous sodium citrate, alfacal-
cidol, gliclazide, irbesartan, amlodipine and magne-
sium oxide. Her family history included a brother 
with leukaemia. She never smoked and had occa-
sional alcohol consumption.

inveSTigaTionS
On physical examination, she had a Glasgow 
Coma Scale score of E3V5M6, body temperature 
of 36.8°C, blood pressure of 142/79 mm Hg, pulse 
of 67/min, respiratory rate of 13/min and oxygen 
saturation of 98% with ambient air. Head and neck 
examination revealed pallor conjunctivae, but there 
was no icterus or goitre. Heart sound revealed 
2/6 early systolic murmur that was best heard at 
the apex. Lungs were clear to auscultation bilater-
ally. Abdomen was unremarkable without signs of 
hepatomegaly. There was no peripheral oedema. 
There was bruising on her right periorbital area 
and right lower leg. Neurological examination was 
unremarkable except for bilateral patellar tendon 
hyporeflexia.

Complete blood counts revealed a slightly elevated 
white cell count (9100×109/L), a decreased haemo-
globin level (6.1 g/dL) with elevated mean corpus-
cular volume (122.6 fL) and a decreased platelet 
count (72 000×109/L). The absolute reticulocyte 
count was 5.4020×1012/L (3.7%). Schistocytes 
(13%), Howell-Jolly bodies and hypersegmented 
neutrophils were observed on her peripheral blood 
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smear (figure 1). Blood chemistry panel showed hyperkalaemia 
(5.6 mEq/L) and elevated levels of lactate dehydrogenase (1575 
IU/L), aspartate aminotransferase (340 IU/L), alanine amino-
transferase (268 IU/L), blood urea nitrogen (55 mg/dL) and 
creatinine (1.61 mg/dL). Prothrombin time and activated partial 
thromboplastin time were 18.6 s and 34 s, respectively. D-dimer 
level was elevated (21 µg/mL). Blood samples for vitamin B12 
and folate levels were drawn at this time because vitamin B12 
and/or folate deficiency were suspected based on the history of 
gastrectomy, macrocytic anaemia and the presence of hyperseg-
mented neutrophils. Spot urinalysis revealed mild microscopic 
haematuria (1+) and mild proteinuria (30 mg/dL). Chest CT 
without contrast detected ground-glass opacity at the right 
pulmonary apex. Head and abdominal CTs were normal. Bone 
marrow aspiration showed normal counts of nuclear cells and 
megakaryocytes, with elevated prevalence of erythroblasts 
(43.6%), which resulted in a myeloid-to-erythroblast ratio of 
1:1. There were no abnormal blasts.

differenTial diagnoSiS
On the basis of haemolytic anaemia with notable schistocytes 
on the peripheral blood smear and thrombocytopenia, micro-
angiopathic haemolytic anaemia, particularly TMA, was consid-
ered; differential diagnoses were as follows: primary TMA 
syndromes such as TTP, complement-mediated TMA, Shiga 
toxin-mediated haemolytic uraemic syndrome, drug-induced 
TMA, coagulation-mediated TMA and metabolism-mediated 
TMA; disseminated intravascular coagulation; systemic infec-
tion; systemic malignancy; systemic rheumatic diseases such 
as systemic lupus erythematosus, systemic sclerosis and anti-
phospholipid syndrome and severe vitamin B12 deficiency. In 
this patient, primary TMA syndromes other than TTP seemed 
unlikely, because the patient did not have severe kidney injury, 
preceding diarrhoea or history of TMA-causing medications.4 
The possibility of systemic infection, systemic malignancy or 

systemic rheumatic diseases also seemed to be low, because there 
were no specific signs or symptoms indicating these diseases. 
Disseminated intravascular coagulation was less likely based 
on the absence of underlying condition and the relatively high 
schistocytes count in the patient.5 Hence, she was suspected with 
a diagnosis of TTP and concomitant vitamin B12 deficiency.

TreaTmenT
She was admitted and started on plasma exchange and intrave-
nous vitamin B12 administration in conjunction with two units 
of pure red blood cell transfusion. Two days after admission, 
her haemoglobin level was unchanged (6.1 g/dL) and her platelet 
count was slightly reduced to 49 000/μL. Since her conscious-
ness was clear and her general appearance was good for TTP, 
vitamin B12 deficiency was suspected as the alternative cause. 
Plasma exchange was discontinued, and intravenous vitamin B12 
supplementation was continued.

ouTCome and follow-up
Her reticulocyte count began to rise from day 3. On day 4, the 
result of the blood test that was taken on the day of admission 
returned, showing markedly low vitamin B12 level (under 50 pg/
mL) with relatively high folate level (31.8 ng/mL) and normal 
ADAMTS13 activity (50%), which were consistent with vitamin 
B12 deficiency and suggested against TTP. Since there was haema-
tological dysfunction consistent with vitamin B12 deficiency with 
sufficiently low vitamin B12 level, we decided that additional 
investigation of plasma total homocysteine, methylmalonic acid 
or methylene tetrahydrofolate reductase mutations were not 
necessary. Vitamin B12 replacement was continued. Folic acid 
supplementation was not started, since the patient’s serum folate 
level seemed sufficiently high. Haemoglobin level and platelet 
count gradually recovered, and lactate dehydrogenase level and 
the degree of schistocytes gradually decreased (figure 2). She was 
finally discharged home 1 month after admission with a haemo-
globin level of 10.7 g/dL and a platelet count of 103 000/μL. 
At several follow-up visits for 1 year after discharge, she had no 
recurrence of decreased haemoglobin levels and platelet counts. 
Regarding peripheral blood smear, while abnormal red cells 
were still detected at 9 months after discharge (figure 3A), they 
disappeared at 1 year after discharge (figure 3B).

diSCuSSion
We reported a case of pseudo-TMA due to severe vitamin B12 
deficiency following total gastrectomy. To the best of our knowl-
edge, this case is the first case of pseudo-TMA in a post-gastrec-
tomy patient.

Pseudo-TMA seems to occur in patients with any type of 
vitamin B12 deficiency. Most frequently, pernicious anaemia has 
been reported as the cause of vitamin B12 deficiency in patients 
with pseudo-TMA3; however, other conditions, including 
malnutrition,3 6–9 food-cobalamin malabsorption,2 3 post-small 
bowel resection10 and post-gastric bypass surgery have also been 
considered as the causes of vitamin B12 deficiency.11 Therefore, 
vitamin B12 deficiency should be considered in patients who are 
suspected with TTP and are at risk of such deficiency.

Regarding the mechanism of pseudo-TMA due to vitamin B12 
deficiency, hyperhomocysteinaemia has been recognised as a key 
factor. Hyperhomocysteinaemia has potential haemolytic effect 
by mechanisms involving both lipid peroxidation and membrane/
cytoskeletal protein derangement,12 13 it activates coagulation and 
platelet aggregation and it impairs endothelial functions.14 Because 
hyperhomocysteinaemia occurs in most patients with functional 

figure 1 Peripheral blood smear at the time of admission. Peripheral 
blood smear at the time of admission (Giemsa stain, ×1000) showing 
multiple schistocytes (wide arrow), hypersegmented neutrophils (arrow 
head) and Howell-Jolly bodies (narrow arrow).
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vitamin B12 deficiency15 and higher susceptibility of structurally 
defective megaloblastic erythrocytes to damaged endothelium can 
be assumed in patients with vitamin B12 deficiency,16 it seems 
possible for microangiopathic haemolytic anaemia to occur in 
patients with vitamin B12 deficiency through hyperhomocyste-
inaemia. In addition, coexistence of methylene tetrahydrofolate 
reductase mutations with vitamin B12 deficiency seems related 
to pseudo-TMA due to vitamin B12 deficiency though hyperho-
mocysteinaemia16; conversely, one case of pseudo-TMA due to 
vitamin B12 deficiency without methylene tetrahydrofolate reduc-
tase mutations was also reported.17

Measurement of plasma homocysteine and methylmalonic acid 
levels can play an important role for the diagnosis of pseudo-TMA 
due to vitamin B12 deficiency. In general, elevated levels of homo-
cysteine and methylmalonic acid can be considered as sensitive 
indicators of functional vitamin B12 deficiency, because these have 
been proven as the markers of insufficient intracellular vitamin 
B12.15 In addition, based on a systematic review of case reports, 
elevated levels of homocysteine and methylmalonic acid were 
observed in around 94% of cases with pseudo-TMA due to vitamin 
B12 deficiency.18 Although these levels were not obtained in our 

case, plasma homocysteine and methylmalonic acid levels may be 
required in case of ambiguity for the diagnosis of pseudo-TMA due 
to vitamin B12 deficiency.

TTP is the most important differential diagnosis of pseu-
do-TMA. Considering that TTP can be fatal without appro-
priate treatment, initiating both plasmapheresis therapy for TTP 
and vitamin B12 replacement therapy for vitamin B12 defi-
ciency seems to be a reasonable option for patients suspected 
with pseudo-TMA.19 Still, rapid diagnosis of pseudo-TMA is 
important to limit the potential adverse reaction associated 
with plasmapheresis. For this reason, useful clinical decision 
rules to distinguish TTP from pseudo-TMA are essential. When 
concerning the possibility of TTP, the PLASMIC score, which 
was recently proposed as a predictive tool for assessing the like-
lihood of severe ADAMTS13 deficiency in patients with TMA, 
may be useful.20 The details on PLASMIC score include that one 
point each awarded for the following: Platelet count <30,000/
µL; Evidence of hemolysis (reticulocyte count >2.5%; undetect-
able haptoglobin, or indirect bili >2.0); No active cancer; No 
history of solid-organ or stem-cell transplant MCV <90 fl; INR 
<1.5; Creatinine <2.0 mg/dL. A score of 0-4 indicates low risk 

figure 2 Changes in lactate dehydrogenase, haemoglobin, platelet count and schistocytes following vitamin B12 supplementation. Responses 
to therapy are observed within 10 days following the initiation of vitamin B12 supplementation and all indicators reach nadir around day 40. LDH, 
lactate dehydrogenase.
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of severe ADAMTS13 deficiency; Score of 5 is intermediate 
risk; Score of 6 or 7 indicates high risk, respectively. This patient 
fulfilled four items of the PLASMIC score, which indicated low 
risk of severe ADAMTS13 deficiency (0%–4%). Moreover, the 
typical characteristics at presentation of pseudo-TMA reported 
by Andrès et al, such as haemolytic anaemia, haemoglobin level 
(range: 5.1–10 g/dL), mean corpuscular volume (range: 112–124 
fL), platelet count (range: 25 000–110 000/μL) and vitamin B12 
level (range: 12–70 pg/mL) seem to be important.21 Indeed, most 
findings in our case were consistent with those aforementioned 
characteristics. Hence, PLASMIC score and the characteristics 
reported by Andrès et al may be useful for the swift diagnosis of 
pseudo-TMA.

In conclusion, pseudo-TMA due to vitamin B12 deficiency can 
occur in patients post-gastrectomy. Rapid diagnosis of pseudo-TMA 
using useful tools for correctly distinguishing this condition from 
TTP may avoid the risks of plasmapheresis, and concurrent initia-
tion of the treatment for both TTP and vitamin B12 deficiency may 
sometimes be inevitable in real clinical settings.

learning points

 ► Microangiopathic haemolytic anaemia with 
thrombocytopenia due to vitamin B12 deficiency can occur in 
patients post-gastrectomy.

 ► Peripheral blood smear is an important diagnostic tool for 
microangiopathic haemolytic anaemia and vitamin B12 
deficiency.

 ► Measurement of serum vitamin B12 level and 
supplementation of vitamin B12 should be considered for 
patients suspected with thrombotic microangiopathy whose 
PLASMIC score is low and who are at risk of vitamin B12 
deficiency.
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