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Abstract: Pseudo-thrombotic microangiopathy (pseudo-TMA) is a recognized, yet uncom-
mon, clinical presentation of vitamin B12 deficiency. Patients with pseudo-TMA present
with microangiopathic hemolytic anemia (MAHA), thrombocytopenia and schistocytes.
They are often misdiagnosed as thrombotic thrombocytopenia purpura (TTP) and receive
unnecessary therapy. Here, we report a case of a 60-year-old male who presented with
thrombocytopenia and normocytic normochromic anemia. Anemia work-up was remarkable
for severe B12 deficiency (<60 pg/mL) and a positive non-immune hemolysis panel.
Peripheral smear was reviewed and showed anisocytes, poikilocytes, schistocytes and
hypersegmented neutrophils. Vitamin B12 replacement (1000 mcg IM daily) was started,
ADAMTSI13 activity was sent and daily plasmapheresis was initiated. Over the next 3 days,
the patient’s hemoglobin and platelets were stable and the hemolysis panel showed gradual
improvement. On day 4, ADAMTSI13 activity results came back normal at 61%.
Accordingly, plasmapheresis was discontinued, parenteral B12 replacement was continued
and that resulted in gradual improvement and eventually cessation of hemolysis and normal-
ization of hemoglobin and platelets. In this patient, parietal cell autoantibodies were positive
and so the diagnosis of pernicious anemia was made. Patients with severe vitamin B12
deficiency may present with features mimicking TTP such as MAHA, thrombocytopenia and
schistocytosis. An early and accurate diagnosis of pseudo-TMA has a critical clinical impact
with respect to administering the correct treatment with vitamin B12 replacement and
avoiding, or shortening the duration of, unnecessary therapy with plasmapheresis.
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Introduction

Vitamin B12 has a unique structure. It contains a metal ion, cobalt, and thus the
name cobalamin. It has essential roles in DNA synthesis, red blood cells,
(RBCs) development, and neurologic functions. Cobalamin is a cofactor for
the enzymes; methionine synthase and L-methylmalonyl-coenzyme A mutase.
Diminished activity of methionine synthase enzyme in patients with cobalamin
deficiency impairs the regeneration of tetrahydrofolate (THF), renders folate
unusable and that leads to ineffective DNA synthesis in rapidly dividing cells."
In the bone marrow (BM) that leads to development of megaloblastic anemia
(MBA), cytopenia and dysplastic changes. MBA can lead to premature destruc-
tion of developing red blood cells in the BM (ineffective erythropoiesis) and
peripheral blood (hemolysis).>
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The clinical presentation of thrombocytopenia and
microangiopathic hemolytic anemia (MAHA), which has
been reported in cobalamin deficiency, is critical to recog-
nize and evaluate promptly as it may be a manifestation of
a life threatening thrombotic microangiopathy (TMA) syn-
drome. Primary TMA syndromes include thrombotic
thrombocytopenia purpura (TTP), hemolytic uremic syn-
drome (HUS), drug induced TMA, and complement-
mediated TMA. These syndromes require urgent treatment
that target the primary etiology such as plasmapheresis or
monoclonal antibodies that bind complement proteins.*>
Thrombocytopenia and MAHA are also seen in severe
hypertension, HELLP syndrome, systemic infections,
malignancies, autoimmune disorders and following solid
organ and stem cell transplant. The treatment here should
be directed at the underlying disease.®™

The term pseudo-TMA describes TMA secondary to
vitamin B12 deficiency. Patients with pseudo-TMA present
with hemolytic anemia, thrombocytopenia, and dysmorphic
“fragmented” RBCs. They are often misdiagnosed to have
other TMA syndromes and receive unnecessary therapy
such as plasmapheresis.'® Here, we report a case of
pseudo-TMA in a patient with cobalamin deficiency sec-
ondary to pernicious anemia.

Case report

A 60-year-old African American man presented to the
emergency room with a two-week history of dyspnea and
profound fatigue. Complete blood count showed severe
normocytic normochromic anemia and thrombocytopenia.
Hemoglobin (Hb) was 4.2 g/dL (13.5-17.5 g/dL), mean
corpuscular volume (MCV) was 90.4FL (80-100FL), and
were 67,000/MCL (150,000-450,000/MCL).
There was also evidence of leukopenia with the white
blood cell count at 2,250/MCL (4,300—10,000/MCL).
Anemia work-up was remarkable for severe vitamin B12

platelets

deficiency at <60 pg/mL (193-986 pg/mL) and ongoing
non-immune hemolysis. Indirect bilirubin was increased at
2.6 mg/dL (0.2-0.7 mg/dL), LDH was increased at
5,901 Unit/L (87-241 Unit/L), haptoglobin was decreased
at <10 mg/dL (30200 mg/dL), and negative direct anti-
globulin test. Of note, there was suboptimal BM response
was 0.7% (0.5-2.3%). The
reticulocyte production index (RPI) was calculated by

as his reticulocyte %

multiplying the reticulocyte % x Hct/45. The final product
was divided by maturation factor 2.5 as Hct was <16.
The calculated RPI was 0.1%. His peripheral blood
smear was reviewed, and it showed nucleated RBCs,

anisopoikilocytes, schistocytes, hypersegmented neutro-
phils (not captured) and very few platelets (Figure 1).
The patient was afebrile and his kidney function was
normal. Moreover, there were no neurologic findings.
Given the presence of hemolysis, thrombocytopenia and
the reported schistcytosis, the diagnosis of TTP was a
concern and therefore daily plasmapheresis was initiated.
Vitamin B12 (1000 mcg IM daily) was started concomi-
tantly with the plasmapheresis. A Disintegrin and
Metalloproteinase with Thrombospondin type-1 motif,
member 13 (ADAMTS13) activity, parietal cell antibody
and intrinsic factor antibody tests were drawn and sent out
to an outside lab. Over the next 3 days, the patient’s
hemoglobin and platelets stabilized, and the hemolysis
panel showed gradual improvement which was most likely
due to vitamin B12 replacement. On day 4, ADAMTSI13
activity came back normal at 61% (>60%). Accordingly,
plasmapheresis was discontinued, parenteral B12 replace-
ment was continued which resulted in cessation of hemo-
lysis (Figure 2) and normalization of hemoglobin and
platelets (Figure 3). Patient was discharged on weekly
parenteral vitamin B12 for one month and with a follow-
up with a hematologist. Finally, the parietal cell autoanti-
bodies came back positive consistent with pernicious
anemia.

Discussion

Patients with cobalamin deficiency may present with vari-
able neurologic and neuropsychiatric diseases such as sub-
acute combined degeneration of the spinal cord, mental
sluggishness, dementia and psychosis. They may also
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Figure | Peripheral blood smear with a nucleated red blood cell, polychromasia,
“fragmented” RBCs and thrombocytopenia. The arrow points to a dysmorphic
“fragmented” RBC (Wright ‘s stain, original magnification x1000).
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Figure 2 Timeline summary showing gradual improvement of ongoing hemolysis demonstrated by decreasing bilirubin and serum lactate dehydrogenase (LDH) levels.
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Figure 3 Timeline summary showing gradual improvement of anemia and thrombocytopenia demonstrated by increasing hemoglobin (Hb) and platelets. Two packed red

blood cells were transfused on day 0 and day 4.

present with wide spectrum of hematologic manifestations
such as macrocytosis, anemia, leukopenia, thrombocyto-
penia and pancytopenia. Moreover, other less common
presentations have been reported such as glossitis and
vitiligo.'"'

The variable degree of hematologic manifestations experi-
enced in 201 consecutive patients with cobalamin deficiency
was explored. The most common manifestation was anemia

(37%). Other manifestations included hypersegmented

neutrophils (32%), leukopenia (13.9%) thrombocytopenia
(9.9%) and pancytopenia (5%). Pseudo-TMA was experi-
enced in 2.5% of the patients."

The clinical presentation of primary TMA syndromes
can be quite similar to the clinical presentation of pseudo-
TMA. TTP is a primary TMA syndrome that has high
mortality rate (80-90%) left
untreated.'* When TTP is suspected, while confirmatory
test (ADAMTSI13 activity)

if unrecognized and

is underway, immediate
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initiation of plasma exchange should be started. Pseudo-
TMA does not respond to plasma exchange. If this
diagnosis is not promptly recognized, patients with
pseudo-TMA will receive unnecessary, ineffective and
potentially harmful therapy.

A systematic review of the existing literature between
July 17, 1977 and July 17, 2017 captured 41 patients with
pseudo-TMA.'* In this systematic review, the presence of
schistocytes was present in 76% of patients. The underlying
etiology of schictocytes or dysmorphic “fragmented” RBCs
in patients with vitamin B12 deficiency could be multifactor-
ial. Ineffective erythropoiesis secondary to vitamin B12 defi-
ciency could cause severe dysplastic RBCs changes leading
to bizarre anisopoikilocytosis. This anisopoikilocytosis can
affect the MCV. MCV has been reported to be normal in less
than 50% of patients with vitamin B12 deficiency as seen in
our case.'’ Other postulated cause of the fragmented RBCs is
elevated serum homocysteine (was not checked in our
patient). Hyerphomocysteinemia has shown to increase the
risk of hemolysis in vitamin B12 in vitro as well as it may
cause endothelial damage leading to intravascular hemolysis
and RBCs fragmentation.'>'® In our case, the serum hapto-
globin was low (<10 mg/dL) suggesting the presence of
intravascular hemolysis along with intramedullary hemolysis
which is seen commonly in vitamin B12 deficiency cases.

In the aforementioned systematic review, LDH was
elevated in all patients, haptoglobin was decreased in all
patients and bilirubin was increased in 20/23 (87%)
patients. The median LDH reported in this systematic
review was 3981 Unit/L while the median LDH reported
in patients with TTP is 1407—1460 Unit/L.'"'® The LDH
in our patient was very high at 5,901 Unit/L. The RPI was
the most accurate means for interpreting marrow response.
RPI >3.0% was considered an adequate response to ane-
mia. All patients had an RPI <3.0%. The calculated RPI in
our patient was 0.1%. Therefore, RPI could help differen-
tiating between hemolytic anemia due to etiologies that
affect BM response such as cobalamin deficiency and
other etiologies in which BM response is not impaired.'”
Together, RPI and LDH represent two laboratory tests that
can help to differentiate Pseudo-TMA from TTP.

The underlying etiology of cobalamin deficiency in our
patient was pernicious anemia (PA). Apparently, this was
the underlying diagnosis in 28/41 patients (68%) as well in
the systematic review. Other reported causes of cobalamin
deficiency were dietary, exclusive breast feeding in
infants, H. pylori gastritis and malabsorption due to ileal
resection. ADAMTSI3 activity was checked in our patient

and the activity was within normal limit. A concern about
TTP in the reported patients was encountered and
ADAMTSI13 activity was checked in 14 patients. In 13/
14 (93%) it was detectable. In one patient, the underlying
etiology was thought to be a combination of PA and TTP.

Treatment with plasma transfusion and/or exchange was
carried out in 14/41 patients (34%). Complications secondary
to therapy with plasma exchange were encountered in 2/14
patients (14%). Our patient was treated with plasma
exchange until the result of ADAMTSI13 activity came
back as normal. No complications were encountered in our
patient. The mean length of hospital stay in few reports was
around 10 days.'” In our case, it was 7 days. Responses
within 14 days to parenteral B12 replacement were reported
as partial in 13/15 patients (87%) and complete in 2/15
patients (13%). Responses after 14 days to 6 months were
reported as partial in 2/15 patients (13%) and complete in 13/
15 patients (87%). Our patient achieved complete response
within 14 days. Total normal body stores of vitamin B12 are
in the range of 2—5 mg. Deficiency takes at least 1-2 years to
develop once vitamin B12 intake ceases. The National
Institute of health recommends daily intake of vitamin B12
at 2.4 mcg/day in adults. Typical responses to vitamin B12
replacement includes; decrease in hemolysis markers within
1-2 days, and increase in reticulocyte within 3—4 days.?’

In conclusion, patients with severe cobalamin defi-
ciency may present with features mimicking TMA syn-
dromes. High LDH level as well as RPI can be useful
laboratory tools to differentiate pseudo-TMA from other
primary TMA syndromes such as TTP. An early and
accurate diagnosis of pseudo-TMA has a critical clinical
impact with respect to administering the correct treatment
with vitamin B12 replacement and avoiding, or shortening
the duration of, unnecessary therapy with plasmapheresis.
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