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Hemolytic Anemia Requiring Splenectomy in Leigh-Like 
Syndrome due to the Variant m.10191T>C in MT-ND3

Shaundra M. Newsteada , Josef Finstererb, c

To the Editor

Leigh syndrome is a syndromic mitochondrial disorder (MID), 
most commonly and clinically characterized by early-onset 
cognitive impairment, developmental delay, seizures, hypoto-
nia, nutritional problems, and symmetric changes in the basal 
ganglia and brainstem. The effects of organs other than the 
brain, such as the heart, intestines, endocrine system, or blood 
cells, have only rarely been reported. Leigh syndrome is main-
ly congenital in children and rarely occurs in adults. Hemolytic 
anemias are a heterogeneous group of hematologic disorders 
in which red blood cells (RBCs) are destroyed in either an ex-
travascular or intravascular manner [1]. One cause of hemo-
lytic anemia is poikilocytosis, which describes the state of the 
RBC bimembranes no longer being a biconcave disc shape, 
but instead, any type of shape [2]. When this occurs, phos-
phatidylserine from the inner membrane is externally exposed, 
and the blood cell is marked for destruction by the complement 
system or sequestered by splenic macrophages [3]. This case 
of a patient with Leigh-like syndrome (LLS) describes a most-
ly extravascular acquired hemolytic anemia and cytopenia, due 
to splenomegalic hypersplenism secondary to poikilocytosis, 
which partly resolved post-splenectomy.

The patient is a 32-year-old Caucasian female, previously 
described [4] to have LLS due to the variant m.10191T>C in 
MT-ND3. The mutation was detected in buccal mucosa cells. 
Heteroplasmy was not determined as it was not covered by in-
surance. The patient presented with anemia at the age of 25, in 
August 2015, when blood counts revealed a decreased hemo-
globin (Hb) and hematocrit (HCT), with elevated erythrocyte 
sedimentation rate (ESR) (Table 1). However, complete blood 
count (CBC) from age 14 already showed Hb of 11 - 12 g/
dL. In September 2015, the RBC, Hb, and HCT were low, and 
red cell distribution width standard deviation (RDW-SD) was 
elevated (Supplementary Material 1, www.thejh.org). Polyspe-
cific direct Coombs antibody test was negative. Bone marrow 

biopsy (BMB) revealed 100% hypercellular marrow, erythroid 
hyperplasia and increased reticulin fibers. Despite the negative 
antibody test, the patient was placed on cyclosporine A (100 
mg/day) for a presumptive autoimmune process.

In October 2015, haptoglobin was low. Paroxysmal noc-
turnal hemoglobinuria testing was negative and computed to-
mography (CT) revealed splenomegaly (Supplementary Mate-
rial 1, www.thejh.org).

In January 2016, the RBC, HCT and Hb were lower com-
pared to previous results. Coombs antibody was checked again 
and still negative, while lactic dehydrogenase was low for he-
molysis. The patient received blood transfusion.

In February 2016, Hb, RBC, HCT, platelet (PLT) and WBC 
were all at their lowest points. Activated partial thromboplastin 
time was prolonged at 37 s (normal: 22 - 31 s). Another blood 
transfusion was given, a diagnosis of cytopenia secondary to hy-
persplenism was made, and the patient was taken off cyclosporine. 
ESR was extremely elevated. Schistocytes and other RBC mor-
phology were negative. Glucose-6-phosphate dehydrogenase 
(G6PD) levels measured after transfusion were normal. Serum 
protein electrophoresis was normal except for low alpha-2. Im-
munoglobulins G, A and M, rheumatoid factor, antinuclear anti-
bodies, and complements C3 and C4 were normal. BMB revealed 
100% hypercellular marrow, erythroid hyperplasia, normal iron 
stores and no lymphoid aggregates or reticulin fibers.

The splenectomy was performed in May 2016. This choice 
was made because other diseases had been ruled out, along 
with poikilocytosis and the spleen’s continued growth with a 
trend toward pancytopenia. The size on CT was larger than 
normal gross pathological examination, which revealed an 
enlarged spleen weighing 404 g (normal female: 50 - 250 g), 
and spleen pathology revealed extramedullary hematopoiesis, 
congestion of the red pulp, scattered macrophages and follicu-
lar hyperplasia. The pathologist determined that the findings 
were consistent with acquired hemolytic anemia. The patient 
experienced severe thrombocytosis of 1,600 × 103/µL (normal: 
150 - 450 × 103/µL), but examinations for thrombosis were 
negative (Supplementary Material 1, www.thejh.org).

In September 2016, haptoglobin was elevated, RBC, Hb 
and HCT had improved, WBC had fully recovered, and throm-
bocytosis had lowered. The RDW-SD had increased even 
higher than the peak of hemolysis in February 2016. Addition-
ally, RBC morphology revealed 3+ anisocytosis, 3+ macrocy-
tosis, +1 elliptocytosis and +1 schistocytosis (Fig. 1). A final 
BMB surprisingly still revealed a 100% hypercellular marrow. 
Reticulin was normal and iron storage was depleted. Lymphoid 
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Figure 1. (a) Micrograph of unstained peripheral blood viewed with compound light microscopy through 606 - 660 nm red filter, 
demonstrating unreported “clover” cells, two RBCs folded over one another (× 1,000, arrows). (b) Micrograph of eosin Y-stained 
peripheral blood viewed with compound light microscopy demonstrating dacrocytes (× 1,000, arrows). (c) Micrograph of periph-
eral blood smear stained with acridine orange, viewed under fluorescence with 450 - 490 nm IVFL epi-fluorescence condenser, 
demonstrating echinocytosis and scattered “target cells” (× 400, arrows). (d) Micrograph of unstained peripheral blood viewed 
with compound light microscopy demonstrating echinocytosis (× 1,000, arrows). RBC: red blood cell.

Table 1.  Relevant Parameters of the Anemia Workups

Parameter Reference ranges 08/2015 09/2015 10/2015 01/2016 02/2016 09/2016 10/2017 05/2018 10/2018 08/2021

RBC 3.92 - 5.13 × 106/µLa - 2.83 - 2.58 2.26 3.23 4.04 4.42 4.6 3.85
Hb 12.1 - 15.1 g/dLa 8.5 8.1 - 7.6 6.6 9.7 10.7 11.6 12.0 11.7
HCT 38-48%a 26.7 26.7 - 23.0 20.2 31..3 33.5 - - 35.7
MCH 27.5 - 33.2 pg - 28.6 - 29.5 29.0 - 26.5 - 26.1 30.4
RDW-SD 36 - 47 fL - 53.6 - 55.5 59.1 68.5 54.5 56.9 - 49.7
WBC 4.5 - 11.0 × 103/µL - 4.6 - 4.3 3.2 7.0 10.0 11.7 - 8.2
PLT 150 - 450 × 103/µL - 330 - 317 195 1,035 941 - - 5.33
Bil 0.1 - 0.3 mg/dL 0.1 - 0.7 0.3 0.1 - - - - -
Retics 0.5-2.5% 1.4 - - - 1.4 - - - - -
Iron 60 - 16 µg/dL - - - - 48 - - 32 60 -
TIBC 240 - 450 µg/dL 292 - - - - - - 376 403 -
Ferritin 11 - 307 µg/La - - - - 96 - - - - -
Haptoglobin 43 - 165 mg/dL - - < 10 - 12 233 - 283 - -
B12 190 - 950 pg/mL 754 - - - 512 - - - - -
Folate > 7.3 ng/mL 10.6 - - - 7.3 - - - - -
LDH 112 - 303 IU/L - - - 116 - 98 - 113 - -
ESR 1 - 20 mm/h 45 - - - 117 - - - - -

aFemale range. RBC: red blood cell; Hb: hemoglobin; HCT: hematocrit; MCH: mean corpuscular hemoglobin; RDW-SD: distribution width standard devia-
tion; WBC: white blood cell; PLT: platelet; Bil: bilirubin; TIBC: total iron-binding capacity; LDH: lactate dehydrogenase; ESR: erythrocyte sedimentation rate.
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aggregates of polyclonal mixed T and B cells were detected. The 
myeloid to erythroid ratio increased from 1:2 to 1:1, indicating 
a reduction in erythroid precursors due to mitigation of second-
ary destruction. Peripheral slide examinations revealed mixed 
poikilocytes, including unreported “clover” cells which appear 
to be two RBC crossed over one another (Fig. 1). The whole 
exome sequencing (WES) ruled out hexokinase and pyruvate 
kinase deficiencies (Supplementary Material 1, www.thejh.org).

In October 2017, blood counts revealed normal RBC, but 
Hb and HCT were low, with mean corpuscular hemoglobin 
(MCH) now low. Additionally, RBC morphology on a 300-cell 
slide revealed 75% anisocytosis, 75% macrocytosis, 25% ellip-
tocytosis and 25% schistocytosis (Fig. 1). High-performance 
liquid chromatography (HPLC) hemoglobinopathy panel was 
normal. The patient was 99.5% Western European.

In May 2018, WBC was elevated, and Hb and iron were 
low, with normal total iron-binding capacity (TIBC). The pa-
tient was started on ferrous gluconate. In October 2018, RBC 
had risen and Hb was low-normal, but MCH was still low. Iron 
was normal with elevated TIBC.

The patient’s highest Hb was 13.1 g/dL (normal: 12.1 - 
15.1 g/dL) in April 2019, but in August 2021, this had lowered, 
PLT count was the lowest since splenectomy, and MCH was 
normal. In April 2023 RBC, Hb, and HCT were normal, but 
thrombocytosis persisted.

This case shows that LLS due to the variant m.10191T>C 
in MT-ND3 can manifest with extravascular hemolytic anemia 
due to poikilocytosis. Hemolytic anemia is a rare manifesta-
tion of MIDs, but other types of anemia are known phenotypic 
features of syndromic and non-syndromic MIDs [5-7], with 
sideropenic anemia being the most commonly reported.

The final diagnosis in the index patient, however, was 
hemolytic anemia due to nonspecific poikilocytosis and cytope-
nia secondary to hypersplenism. It is likely that the poikilocytes 
induced hypersplenism. Though not a typical case of hypersplen-
ism, many features indicated a need for splenectomy, agreed 
upon by several hematologists. Notably, the blood counts kept 
dropping, precipitating symptoms of opportunistic infection, pe-
techiae, easy bruising and anemia. The patient experienced mod-
est improvement after splenectomy and has not had any blood 
transfusions since then. The patient also has recurrent lymphad-
enopathy, thymic hyperplasia, B-cell lymphocytosis, hypogam-
maglobulinemia, absence of plasma cells on BMB, germinal 
center hyperplasia, elevated inflammatory markers, elevated C3 
and variants of unknown significance (VUS) in STAT4.

Every known cause of hemolytic anemia was excluded in the 
index patient, including paroxysmal nocturnal hemoglobinuria 
(PNH), autoimmune hemolytic anemia, cold antibody hemolytic 
anemia, G6PD deficiency, while WES ruled out hexokinase de-
ficiency, pyruvate kinase deficiency, hereditary RBC membrane 
diseases, and hereditary poikilocytoses. WES was repeated, in-
creasing its reliability. The causative variant was also detected 
in the index patient’s mother. Hemoglobinopathies, thalassemias, 
poisoning and drug side effects were also ruled out.

Of interest is the unusual number of types of poikilocytes, 
as well as the novelty of some of their shapes, some of which 
are not previously described. Also of interest are the low re-
ticulocytes, lactate dehydrogenase (LDH) and bilirubin in a 
state of pseudo-hemolysis. Haptoglobin immediately resolved 

post-splenectomy. It is also unknown why the bone marrow 
remained 100% hypercellular after splenectomy, and why 
there were schistocytes present for years, unless there was an 
intravascular component, too. There also could be ineffective 
erythropoiesis, though the WBC count resolved immediately 
post-splenectomy. However, WES revealed no mutations for 
a myelodysplastic process, and none was detected via fluores-
cence in situ hybridisation (FISH) and karyotyping on BMB. 
Though myelodysplastic processes have a mitochondrial ele-
ment [8], and low haptoglobin with splenomegaly can occur 
during myelodysplastic syndrome (MDS), there is no evidence 
of MDS, nor would it be expected to resolve any symptoms 
and blood counts after splenectomy.

The patient was diagnosed with LLS due to m.10191T>C in 
MT-ND3. Increased RBC destruction by splenic macrophages in 
mtDNA mutations has been previously described in mice and is 
thought to be a result of ineffective purging of mtDNA as RBCs 
mature, affecting their cell membrane shapes [9]. Pearson’s syn-
drome is an mtDNA disorder which manifests with anemia and 
increased heteroplasmy in leukocytes [10, 11], but the patient 
does not have the typical findings of Pearson’s syndrome in-
cluding vacuolization of bone marrow precursors, nor reticulo-
cytosis. It is currently unknown why some MID patients present 
with certain hematological manifestations and others do not, as 
well as most other symptoms. However, there are indications 
that the respiratory chain is essential for hematopoietic stem cell 
function [12]. There are also indications that mtDNA variants 
impair elimination of mitochondria during erythroid maturation, 
leading to enhanced erythrocyte destruction [13]. However, no 
unique morphology of erythroid precursors was noted on BMB.

Whether or not there is a relation between hematology 
and immunology remains speculative. The high ESR could be 
due to recurrent infections. High ESR and C-reactive protein 
(CRP) were always a feature during “critical illness” and have 
happened in the absence of the described hematological phe-
nomena. Though, the ESR immediately went down post-sple-
nectomy. There were recurrent infections due to cyclosporine 
usage.

In conclusion, this case is, to our knowledge, the first de-
scribed case of hemolytic anemia due to poikilocytosis related 
to mtDNA disease. More study is warranted to understand any 
role of mtDNA in poikilocytoses in MIDs.

Supplementary Material

Suppl 1. Graphical depiction of the timeline and disease 
course.
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