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Abstract

Most individuals with vitamin B12 deficiency present with anemia, fa-
tigue, and neurologic disturbances such as paresthesia and loss of sen-
sory function if chronic. However, in severe states, it may manifest as 
hemolytic anemia, thrombocytopenia, schistocytosis, elevated lactate 
dehydrogenase, and low reticulocyte production. This phenomenon is 
known as pseudo-thrombotic microangiopathy (TMA), and is most 
commonly due to pernicious anemia. The overlap in clinical pres-
entation with primary TMA creates a challenge in the diagnosis and 
management of pseudo-TMA. Primary TMA, particularly thrombotic 
thrombocytopenic purpura, is emergently managed with plasma ex-
change and may require admission to an intensive care unit due to high 
risk of mortality. In contrast, pseudo-TMA does not respond to plasma 
exchange and instead is treated with vitamin B12 supplementation. 
Patients with this atypical presentation of B12 deficiency may receive 
unnecessary, costly, and potentially harmful therapy. We present the 
case of a patient with pseudo-TMA in the setting of pernicious anemia.
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Introduction

Thrombotic microangiopathy (TMA) is a severe but rare con-

dition characterized by microangiopathic hemolytic anemia 
(MAHA), thrombocytopenia, and possible organ dysfunction. 
This process is associated with high mortality and is most 
commonly caused by disseminated intravascular coagulation 
(DIC) followed by thrombotic thrombocytopenia purpura 
(TTP) and hemolytic uremic syndrome (HUS) [1]. MAHA re-
fers to anemia from Coombs negative red blood cell hemolysis 
with evidence of schistocytes on peripheral blood smear due 
to intravascular destruction. Interestingly, severe vitamin co-
balamin (B12) deficiency may present similarly with approxi-
mately 2.5% of patients undergoing what is known as pseudo-
TMA [2]. Pseudo-TMA is characterized by hemolytic anemia, 
thrombocytopenia, schistocytosis, elevated lactate dehydroge-
nase (LDH), and low reticulocyte production [3, 4].

Given the overlap in presentation, differentiating between 
primary TMA and pseudo-TMA remains a diagnostic chal-
lenge. It is important to consider severe B12 deficiency as a 
cause because the treatment and prognoses are vastly different. 
Primary TTP is emergently managed with plasma exchange 
and may require admission to an intensive care unit as it is 
associated with a high mortality if left untreated. On the other 
hand, pseudo-TMA due to severe B12 deficiency can simply 
be treated with vitamin supplementation [3, 4]. The potential 
for misdiagnosis can lead to complications from unnecessary 
and possibly harmful therapy and higher cost to the individual.

Case Report

A 73-year-old African American man with no known past 
medical history presented with 2 weeks of weakness, fatigue, 
and dyspnea on exertion. He endorsed loss of taste and increas-
ing anorexia which subsequently led to noticeable weight loss. 
He denied a personal or family history of hematologic or co-
agulation disorders, autoimmune disease, or malignancy. He 
endorsed heavy alcohol consumption in his 20s and 30s, but 
denied recent alcohol, tobacco, or illicit drug use.

On admission, his vital signs were significant for a heart 
rate of 115 bpm. On physical exam, he was noted to have pale 
conjunctiva, a yellow soft palate, and a swollen tongue consist-
ent with glossitis. Cardiovascular exam was significant for a 
loud mid-systolic ejection murmur best heard at the left sternal 
border. His skin exam was negative for petechiae or rashes. 
Sensation to light touch, temperature, and vibration as well 
as motor function was intact bilaterally with no focal deficits. 
Complete blood count (CBC) revealed hemoglobin of 5.3 g/
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dL, mean corpuscular volume (MCV) of 106.2 fL, and platelet 
count of 81,000/µL. The hepatic panel was significant for an 
unconjugated hyperbilirubinemia of 1.2 mg/dL (total bilirubin 
1.5 mg/dL). Further laboratory workup was remarkable for 
severe vitamin B12 deficiency less than 60 pg/mL, elevated 
LDH greater than 4,000 U/L, haptoglobin less than 31 mg/dL, 
and negative direct antiglobulin test. Iron studies and folate 
level were within normal limits. Methylmalonic acid was el-
evated at 3,460 nmol/L. Additionally, reticulocyte production 
index (RPI) was low at 0.47, suggestive of a hypoproliferative 
bone marrow and not typical for hemolytic anemia which com-
monly presents with a state of hyperproliferation. A review of 
his peripheral blood smear showed hypersegmented neutro-
phils, nucleated red blood cells, schistocytes, tear drop cells, 
and anisopoikilocytosis (Fig. 1).

The patient received a total of four units of packed red 
blood cells during his first 24 h of admission to achieve a goal 

hemoglobin above 7 g/dL while his workup was pending. On 
day 2 of admission, he was started on daily 1,000 µg intra-
muscular vitamin B12 once his severe vitamin B12 deficiency 
was confirmed. Over the next 3 days, he reported resolution 
of his symptoms. His hemoglobin continued to improve and 
remained relatively stable at 9 g/dL for the remainder of his 
admission. Notably no schistocytes were detected on blood 
smear by day 3 of admission compared to 1-5% schistocytes 
per high-power field on days 1 and 2. Due to improvement 
of his symptoms and hemoglobin, bone marrow biopsy was 
not performed. Prior to discharge, the patient underwent an es-
ophagoduodenoscopy which showed no evidence of atrophic 
gastritis. He was tested for intrinsic factor auto-antibodies 
and was found to be positive approximately 1 week after dis-
charge, consistent with pernicious anemia. After a 4-day hos-
pital course, he was discharged with a prescription for 1,000 
µg intramuscular vitamin B12 to be taken daily for 14 days. At 
2-week follow-up, he showed improvement of his anemia with 
a hemoglobin of 10.1 g/dL (MCV 97.9 fL). At this outpatient 
visit, he was placed on monthly 1,000 µg of intramuscular vi-
tamin B12. At 3-month follow-up, he had complete resolution 
of his anemia with a hemoglobin of 13.4 g/dL (MCV 82.3 fL). 
His laboratory data are summarized in Table 1.

Discussion

Vitamin B12 is a water-soluble vitamin that is abundant in 
common foods such as dairy products, meats, and fish. During 
digestion, B12 forms a complex with intrinsic factor produced 
by gastric parietal cells and is then absorbed by the terminal 
ileum. Vitamin B12 plays a critical role in DNA synthesis, the 
division and maturation of hematopoietic cells, and normal 
neurologic function [5]. It serves as a cofactor for three impor-
tant enzymatic reactions: the conversion of 5-methyltetrahy-
drofolate to tetrahydrofolate, the conversion of methylmalonic 
acid to succinyl coenzyme A, and the conversion of homocyst-
eine to methionine [5-7].

Vitamin B12 deficiency is common and occurs in 20% of 
people older than 60 years of age [5]. The most common caus-
es of B12 deficiency include inadequate dietary intake in the 
pediatric population and pernicious anemia in adults [8]. Per-
nicious anemia is a hematologic manifestation of autoimmune 
gastritis characterized by autoantibody formation against in-
trinsic factor or gastric parietal cells [9]. This was seen in our 

Table 1.  Summary of Laboratory Data During Hospitalization and Follow-Up

Hgb  
(g/dL)

MCV  
(fL)

Platelets  
(× 103/μL) RPI LDH  

(U/dL)
Total bilirubin  
(mg/dL)

Unconjugated 
bilirubin (mg/dL)

Haptoglobin  
(mg/dL)

B12  
(pg/mL)

MMA  
(nmol/L)

Day 1 5.3 106.2 81 0.47 > 4,000 1.5 1.2 < 31 < 60
Day 2 5.0 103.7 126 1.7 1.3
Day 3 8.0 94.2 83 2.2 1.8 3,460
Day 4 8.7 95.0 80 1.8 1.4
2 weeks 10.1 97.9 788 1.54 1,119 0.7 0.5 87 4555 136
3 months 13.4 82.3 640 0.2 0.1

Hgb: hemoglobin; MCV: mean corpuscular volume; RPI: reticulocyte production index; LDH: lactate dehydrogenase; MMA: methylmalonic acid.

Figure 1. Peripheral blood smear of our patient. Note multiple hyper-
segmented neutrophils (red arrow) and schistocytes (blue arrow). Addi-
tionally, this smear is significant for marked anisocytosis, poikilocytosis, 
macrocytosis and hypochromia.
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patient with the presence of anti-intrinsic factor antibodies.
Multiple organ systems can be affected to varying degrees 

during vitamin B12 deficiency. The accumulation of methyl-
malonic acid contributes to progressive demyelination with 
neurologic manifestations such as loss of proprioception and 
vibratory sensation, peripheral neuropathy, and ataxia [5, 7]. 
DNA synthesis is altered due to inability to form tetrahydro-
folate and this most commonly manifests as megaloblastic 
anemia with MCV greater than 100 fL, but can also cause bone 
marrow failure and result in thrombocytopenia, neutropenia, 
and even pancytopenia. Hyperhomocysteinemia has poten-
tial hemolytic effects through the generation of reactive oxy-
gen species, lipid peroxidation of cell membranes, endothe-
lial damage, platelet aggregation, and coagulation activation 
[7, 10]. This results in microangiopathy with fragmentation 
of erythrocytes and schistocytosis. This very rare finding is 
known as pseudo-TMA and is found in less than 2.5% of pa-
tients with severe vitamin B12 deficiency [11].

It is important that pseudo-TMA is differentiated from pri-
mary TMA. TTP, a type of primary TMA, is a life-threatening 
disorder that needs to be ruled out in patients presenting with 
hemolytic anemia, schistocytosis, and thrombocytopenia. TTP 
is caused by severely reduced activity of the von Willebrand 
factor-cleaving protease ADAMTS13 [12-15]. This leads to 
formation of platelet microthrombi with ensuing microvas-
cular insult to the brain, kidney, or heart. TTP is a medical 
emergency and without treatment, mortality from TTP is ap-
proximately 80-90% [12]. Treatment for TTP involves prompt 
plasma exchange which may require admission to an intensive 
care unit, whereas pseudo-TMA is unresponsive to plasma 
exchange and is simply treated with B12 supplementation. A 
systematic review of 41 cases of B12 deficiency presenting 
with TMA found that 14 patients received unnecessary plasma 
exchange [16]. Two cases were associated with major com-
plications which included anaphylactic transfusion reaction in 
one and hemothorax and cardiac arrest due to line placement 
in the other. This highlights the need to diagnose pseudo-TMA 
swiftly so that patients do not receive costly, ineffective thera-
py and be at risk for potential adverse events [15].

Given the rarity of pseudo-TMA, diagnosis can be a chal-
lenge. Although the laboratory findings of pseudo-TMA are 
similar to TTP, there are some notable differences. The reticu-
locyte production index is important in discriminating between 
pseudo-TMA and TTP [13-15]. A compensatory increase in 
erythropoiesis is typically observed in primary TMA syn-
dromes as there is no shortage of substrates for DNA synthe-
sis, unlike in nutritional deficiencies. This is reflected with an 
elevated reticulocyte production index (RPI) and in TTP the 
RPI is routinely greater than 3 [17]. However, in pseudo-TMA, 
compensatory increase in erythropoiesis is not observed. The 
lack of B12 causes impaired DNA synthesis and suppression to 
bone marrow production of hematopoietic cells. Therefore, the 
bone marrow is unable to appropriately increase reticulocyte 
production to replace lost red blood cells. The RPI in pseudo-
TMA is typically less than 2 which indicates an inadequate 
response by the bone marrow [17]. This is consistent with our 
patient’s low RPI of 0.47.

High levels of LDH are observed in pseudo-TMA but not 
in TTP because LDH is a byproduct of nucleated cells. Vitamin 

B12 deficiency in pseudo-TMA causes dysfunctional DNA 
synthesis, arrest in cellular division, and subsequent intramed-
ullary cell death [18]. LDH is then released in high quantities 
during the intramedullary hemolysis of immature nucleated 
erythrocyte precursors in the bone marrow. Contrastingly, he-
molysis in TTP occurs in peripheral blood with intravascular 
destruction of mature non-nucleated erythrocytes. Studies 
show that LDH is routinely 2,500 IU/L or greater in pseudo-
TMA and less than 2,500 IU/L in TTP [13]. In our case report, 
the patient’s LDH level exceeded 4,000 IU/L.

There is only modest unconjugated hyperbilirubinemia in 
pseudo-TMA compared to TTP [3]. Unconjugated bilirubin is 
a byproduct of heme degradation. The intramedullary destruc-
tion of erythrocyte precursors produces little hemoglobin and 
so there is only minor elevation in bilirubin levels [14]. Our 
patient’s unconjugated bilirubin level upon presentation was 
1.5 mg/dL. Whereas in TTP, the intravascular hemolysis of 
mature erythrocytes, which contain a higher concentration of 
hemoglobin compared to precursor cells, in peripheral blood 
results in significantly higher levels of unconjugated bilirubin 
[14].

Learning points

Severe vitamin B12 deficiency as demonstrated in our pa-
tient, can present with a rare disorder known as pseudo-TMA 
that mimics primary TMA syndromes with similar features of 
hemolytic anemia, thrombocytopenia, and schistocytes. This 
presentation may be unrecognized and may place patients with 
pseudo-TMA due to severe B12 deficiency at risk for unnec-
essary plasma exchange. Understanding the important distin-
guishing features of pseudo-TMA including low RPI and high 
LDH relative to unconjugated bilirubin levels can prompt cli-
nicians to begin rapid B12 supplementation for improvement 
in clinical status.
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