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Abstract Background Thrombotic microangiopathy encompasses a wide range of conditions,
of which thrombotic thrombocytopenic purpura being a medical emergency requires
prompt intervention, with schistocytes being a reliable morphological indicator of
microvascular injury. However, there are conditions other than thrombotic micro-
angiopathic anemia where schistocytes can be seen in large numbers. These non-
thrombotic microangiopathic conditions are broadly grouped under cytoskeletal
abnormalities, mechanical damage, and thermal injuries. Automated methods in
schistocyte evaluation have shown varied reproducibility requiring manual identifica-
tion. International Council for Standardization in Hematology (ICSH) recommends
standardized morphological criteria and quantitative assessment as a percentage
after counting at least 1,000 red blood cells in optimal areas of smear to reduce
interobserver variability.
Objectives The aim of this study was to evaluate and quantitate schistocytes in
thromboticmicroangiopathic and nonthromboticmicroangiopathic groups using ICSH
guidelines and to evaluate interobserver reproducibility of manual schistocyte count.
Materials and Methods Overall, 157 peripheral blood smears showing schistocytes
were studied by two independent observers using ICSH recommendations on light
microscopy. The hematological findings were correlated with clinical diagnosis and
other relevant investigations.
Results Schistocytes were observed in five cases of thrombotic microangiopathic
anemia and 152 cases of nonthrombotic microangiopathic anemia. Schistocyte count
in thrombotic microangiopathic anemia and nonthrombotic microangiopathic anemia
groups with mean (�standard deviation) value was 2.28� 2.65% and 0.76�0.67%,
respectively (p<0.001). The correlation coefficient between the two observers was
0.59 (confidence interval¼0.966–1.346) showing an excellent agreement on the
reproducibility of schistocytes by application of ICSH guidelines.
Conclusion Percentage of schistocytes more than 1% is a robust morphological
indicator for diagnosis of thrombotic microangiopathic anemia in adults. Strict
application of ICSH guidelines reduces interobserver bias.
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Introduction

Thrombotic microangiopathies (TMAs) are a group of dis-
orders characterized by intravascular thrombi resulting in
red cell fragmentation—schistocytes, which form as a conse-
quence of mechanical damage when forced through a fibrin
meshwork. However, schistocytes are absent or very rare in
peripheral blood smear (PBS) of healthy individuals.1,2 TMA
includes thrombotic thrombocytopenic purpura (TTP), he-
molytic uremic syndrome, disseminated intravascular coa-
gulopathy, and hemolysis with elevated liver enzymes and
low-platelet syndrome. Of these, TTP is amedical emergency
requiring early diagnosis and prompt treatment with plasma
exchange.3 Diagnosis requires sophisticated and time-con-
suming investigations resulting in schistocyte identification
in PBS as the morphological hallmark.1–3 However, schisto-
cytes are not specific toTMA and are seen in large numbers in
non-TMA conditions, which can be broadly categorized
under cytoskeletal abnormalities such as hemoglobinopa-
thies, and mechanical damage as in prosthetic heart valves
and in patients on dialysis and thermal injury.2 Despite the
occurrence of schistocytes in smears, laboratory surveys in
identification of schistocytes remain difficult and subjective
due to technical factors and under/over-interpretation with
other poikilocytes. Lack of standardization may lead to
inconsistency and misdiagnosis, thereby affecting treatment
and clinical outcome. Thus, its utility in clinical settings and
correct identification needs to be emphasized.1,2,4

Hence, International Council for Standardization in He-
matology (ICSH) Schistocyte Working Group has recom-
mended strict morphologic criteria and quantification of
schistocytes.

Schistocytes are red cell fragments having sharp angles,
straight borders/helmet cells, small crescents, and kerato-
cytes. Schistocyte percentage above 1% after counting 1,000
red blood cells (RBCs) on peripheral smear is required for the
diagnosis of TMA.1,2With automated analyzers being widely
used, many present-day analyzers provide information on
fragmented red cells. However, they have shown varied
reproducibility, requiring manual identification.2,4

Objectives

• To evaluate and quantitate schistocytes in TMA and non-
TMA groups using ICSH guidelines.

• To evaluate interobserver reproducibility ofmanual schis-
tocyte count.

Materials and Methods

A hospital-based cross-sectional study was performed at a
tertiary care center over a period of 6 months, from Janu-
ary 2021 to June 2021, after approval by Institutional Ethics
Committee.

Following informed consent, the samples were received
from patients at the central laboratory for basic hematologic
work-up. Blood samples requiring examination of peripheral

smears that showed schistocytes were included in the study,
irrespective of age and gender of the patient. One hundred
and fifty-seven PBSs with schistocytes were included after
calculating sample size from previous studies (z¼137).2

Blinded review of the Leishman-stained slides were per-
formed independently by two observers with similar levels
of expertise in diagnostic hematology, under 1,000�magni-
fication (oil immersion) using ICSH recommendations.1 The
schistocytes were quantified by counting 1,000 RBCs and
presented as a percentage. The other RBCmorphologic forms
such as macrocytes, microcytes, and polychromatophilic
cells and poikilocytes such as target cells, spherocytes, and
elliptocytes were identified. These cells too were quantified
after counting 1000 RBCs, expressed as a percentage and
graded on a scale of 1þ to 3þ , based on the morphologic
grading table as per ICSH recommendations.5 Clinical infor-
mation, diagnosis, and other relevant laboratory investiga-
tionswere obtained from the laboratory information system.
Cases without clinical data, hemolyzed samples, and poor
film quality smears were excluded from the study.

Statistical analysis was done using SPSS—Statistical Pack-
age for the Social Sciences—software, version 22. Continuous
data were represented as mean and standard deviation.
Mann–Whitney U test was used as test of significance to
identify the mean difference between the two qualitative
variables. Chi-squared test was used as test of significance for
qualitative data. A p-value of less than 0.05 was statistically
significant. Data plottingwas done using Bland-Altman chart
to compare the measurements.

Results

Patients’ age ranged fromnewborn to 84 years, withmajority
of cases lying between 51 and 60 years (►Table 1) and with
male-to-female ratio of 2:1.

Patients were categorized according to diagnosis
(n¼157). Five cases were diagnosed as TMA and remaining
152 cases belonged to the non-TMA group.

Patients with TMA included three cases of disseminated
intravascular coagulopathy and two cases of TTP, of which

Table 1 Age distribution

Age Number Percentage

Neonates 21 13.4

1 month to 10 years 17 10.8

11–20 years 12 7.7

21–30 years 10 5.9

31–40 years 14 9.0

41–50 years 15 9.6

51–60 years 30 19.2

61–70 years 27 17.3

71–80 years 9 5.8

>80 years 2 1.3
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one was idiopathic TTP and the other was systemic lupus
erythematosus (SLE) complicated with TTP (►Fig. 1A). All
five cases showed schistocyte percentage of more than 1% as
shown in ►Table 2. All five cases showed schistocyte as the
major RBC morphologic abnormality.

Non-TMA group comprised predominantly of infectious
conditions (44), many admitted with Coronavirus Disease-
2019 infection (32), and a few cases complicated with sepsis.
The other major non-TMA categories included chronic renal
failure (18), nutritional anemias (18), preterm infants (14), and
nonhematological malignancies (7), as shown in ►Table 2.

Of the 152 non-TMA cases, 118 had schistocytes less
than 1%. The remaining 34 cases had schistocyte percent-
age more than 1%, which included 9 cases of infection in
sepsis, 7 preterm infants, 5 cases of chronic renal failure, 4

cases of chronic liver disease, 3 term neonates, 2 cases of
ischemic heart disease, 1 case with prosthetic heart valve,
and 1 case each of SLE, nonhematologic malignancy (gas-
tric adenocarcinoma), and chronic lung disease. In all
these 34 cases, other poikilocytes such as elliptocytes,
target cells, teardrop cells, or acanthocytes were present
(►Fig. 1B) ranging from 2þ to 3þ as per ICSH morphologic
grading system. Thus, the schistocytes accounted for a
small fraction of the poikilocytes.

With respect to reproducibility of schistocyte count by
application of ICSH criteria, the mean of difference in schis-
tocyte percentage between Observer 1 and Observer 2 was
0.19�1.96 (0.59); 95% confidence interval (CI)¼–0.966 to
1.346. As the 95% CI was close to 0, the agreement between
the two observers in schistocyte percentagewas excellent, as
shown in ►Fig. 2. Thus, the schistocyte percentage between
the two independent observers showed good agreement, in
terms of both statistical significance and quantification of
schistocytes (►Tables 3 and 4).

Discussion

Schistocytes arebeing increasingly utilized as thehallmarkof
TMA. As per ICSH guidelines, the presence of more than 1%
schistocytes in peripheral smear is of clinical relevance as
opposed to other poikilocytes (>20%). However, it lacked
specific morphologic criteria. Hence, in 2008 International
Schistocyte Working Group came together and put forth the
criteria in 2012.1–3 Schistocytes are described as red cell
fragments that are always smaller than intact RBCs having
sharp angles, straight borders/helmet cells, small crescents,
and keratocytes. Furthermore, microspherocytes are

Fig. 1 (A) Schistocytes (arrows) in case of systemic lupus erythe-
matosus complicated with thrombotic thrombocytopenic purpura.
(B) Schistocytes (arrows) in nonthrombotic microangiopathy case
with other poikilocytes–elliptocytes (arrowhead) and target cell ();
(Leishman stain; 1,000�).

Table 2 Case-wise schistocyte percentage

Diagnoses No. of
cases

Schistocyte percentage

0–1% 1–3% > 3%

Count % Count % Count %

DIC 3 0 0 3 100 0 0.0

TTP 2 0 0 1 50.0 1 50.0

Preterm 14 7 50.0 6 42.9 1 7.1

Term neonates 7 4 57.1 3 42.9 0 0

Hematological malignancy 4 4 100 0 0 0 0

Iron deficiency anemia 2 2 100 0 0 0 0

Nutritional anemia 18 18 100 0 0 0 0

Megaloblastic anemia 6 6 100 0 0 0 0

Chronic liver disorder 14 10 71.4 4 28.5 0 0

Lung disease 6 5 83.3 1 16.7 0 0

Heart disease 9 6 66.7 3 33.3 0 0

Chronic renal disorder 18 13 72.2 5 29.4 0 0

Infection 44 35 79.5 8 18.2 1 2.3

Autoimmune disease 3 2 66.7 1 33.3 0 0

Malignancy 7 6 85.7 1 14.3 0 0

Abbreviations: DIC, disseminated intravascular coagulopathy; TTP, thrombotic thrombocytopenic purpura.
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considered significant and included in schistocyte count if
they are found in association with the above-described
forms.1 TMAs encompass a spectrum of clinical syndromes
of different etiopathogenetic pathways resulting in excessive
activation of platelets that deposit as thrombi in small blood
vessels. The syndromes include TTP, hemolytic uremic syn-
drome, disseminated intravascular coagulopathy, and hemo-
lysiswith elevated liver enzymes and low-platelet syndrome,
with the common denominator being schistocytes and poly-
chromatophilia (reticulocytosis) in the PBS and negative
direct antiglobulin (Coombs) test.2–4

TTP is a clinicopathologic syndrome of unknown etiology
and pathogenesis comprises of microangiopathic hemolytic
anemia, thrombocytopenia, and widespread hyaline thrombi
in arterioles and capillaries.3,6,7 Diagnostic pentad included
microangiopathic hemolytic anemia, thrombocytopenia, neu-

rologic deficits, renal abnormalities, and fever, which are not
always seen in all patients; hence, it was reduced to triad and
now to a diad of microangiopathic hemolytic anemia and
thrombocytopenia. The main reason for this shift was the
observation thatmanypatientspresentedwithdiad syndrome
before advancing to triad and pentad.3,6–8 Early diagnosis and
plasma exchange therapy with fresh frozen plasma is war-
ranted.2–4 However, diagnosis depends mainly on clinical
suspicion and laboratory tests. Confirmatory diagnosis of
TTP requires sophisticated and time-consuming assays mea-
suring “a disintegrin and metalloproteinase with a thrombo-
spondin type 1 motif, member 13” (ADAMTS13) activity or
presence of neutralizing antibodies. Hence,manual peripheral
smear quantification of schistocytes plays a vital role in
diagnosis and appropriatemanagement.6 SLE is amultisystem
disorder and can be complicated with TTP requiring early
intervention. Further, SLE is not associated with low
ADAMTS13 activity, thus emphasizing the role of peripheral
smear schistocyte estimation in the early diagnosis.8 The
finding of schistocytes in patients with TTP and other TMAs
is variably reported to be in excess of 0.5 to 1.0%, with more
than or equal to 1% commonly referenced as the threshold for
clinical significance.6,7 Thus, ICSH Schistocyte Working Com-
mittee recommended that a schistocyte percentage above 1%
after counting 1,000 RBCs on peripheral smear is required for
the diagnosis of TMA.1 In this study with strict application of
ICSH criteria, schistocytes accounted for more than 1% in all
cases ofTMA(n¼5)andwerestatisticallysignificant similar to
studies by Huh et al and Schapkaitz and Mezgebe.2,3

There are conditions other than TMA where schistocytes
are seen in large numbers. The non-TMA conditions in this
study included cases admitted for infectious diseases, chron-
ic renal disorders, chronic liver disorders, lung diseases,
heart diseases, and nutritional/megaloblastic anemias
(n¼152). These findings were similar to studies by Huh
et al and Schapkaitz and Mezgebe.2,3 However, in the non-

Fig. 2 Bland-Altman plot showing agreement between Observer 1
and Observer 2.

Table 3 Comparison of schistocyte percentage in TMA and non-TMA groups

Diagnosis Schistocyte % by Observer 1 Schistocyte % by Observer 2

Mean SD Median Mean SD Median

TMA 2.68 3.87 1.00 1.88 1.43 1.30

Non-TMA 0.86 0.73 0.70 0.69 0.60 0.60

p-Value <0.001� <0.001�

Abbreviations: SD, standard deviation; TMA, thrombotic microangiopathy.
�statistically significant as p value is <0.05

Table 4 Schistocyte agreement between Observer 1 and Observer 2

Mean SD Median Minimum Maximum

Schistocyte % by Observer 1 0.92 1.01 0.70 0.10 9.60

Schistocyte % by Observer 2 0.73 0.67 0.60 0.10 4.50

Average of Observer 1 and Observer 2 0.83 0.81 0.65 0.10 7.00

Difference of Observer 1 and Observer 2 0.19 0.59 0.10 –0.80 5.20

Abbreviation: SD, standard deviation.
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TMA cases, schistocytes were only a minor component of a
more global anisopoikilocytosis similar to other studies.2,3

Thus, schistocytes should be considered significant only if it
represents the main morphologic RBC abnormality in the
peripheral smear examination.1,2,4

Of the 152non-TMAcases associatedwith schistocytes, 34
cases had schistocyte percentage of more than 1%. Preterm
and term neonates comprised 10 cases (10/34). Schistocytes
are considered significant if it accounts for more than 1% in
full-term neonates and more than 5% in preterm neonates.3

Higher percentage of schistocytes in preterm results from
liver immaturity.2 The current study also showed agreement
with higher percentage of schistocytes in preterm neonates
(n¼7). The term neonates (n¼3) in the studywere in sepsis,
which included one case of necrotizing enterocolitis.9

Among anemias, megaloblastic anemia with hemolysis
is often misdiagnosed as TMA due to pancytopenia with
schistocytes. Pathogenesis of pseudo-TMA involves homo-
cysteine-induced endothelial injury and dysfunction.
Hyperhomocysteinemia triggers activation of coagulation
cascade and alters the endothelium. In addition,macrocytic
erythrocytes resulting from vitamin B12 deficiency are
associated with reduced deformability and fragmentation
as they flow through the microvasculature.10 Further, a
study by Biswal et al on schistocytes in megaloblastic
anemia associated with hemolysis was associated with
decreased mean corpuscular volume and a schistocyte
percentage of more than 1% in 29 out of 30 cases.10 Howev-
er, this study included six cases of megaloblastic anemia, of
which five had raised mean corpuscular volume (102–125
fl) and one had normal mean corpuscular volume, with
mean schistocyte percentage of 0.5%.

Further, 9/34 patients admitted for infectious condition in
sepsis as evidenced by clinical and laboratory criteria such as
elevated serum procalcitonin/C-reactive protein had schis-
tocytes in excess of 1% among the non-TMA cases. Sepsis is a
serious medical condition associated with hemostatic ab-
normalities ranging from isolated thrombocytopenia and/or
subclinical activation of coagulation cascade to precipitation
of acute disseminated intravascular coagulopathy.11

Mechanical trauma to RBCs resulting from cardiac valvu-
lar disease and malfunctioning prosthetic valves is also
associated with hemolytic anemia presenting with periph-
eral blood schistocytes. This study recorded one case of
prosthetic heart valve with schistocyte more than 1%.4

Also, 5/34 patients admitted with chronic renal disorder
had schistocyte more than 1% similar to a study by Schap-
kaitz and Mezgebe.2 A study conducted by Shastry and
Belurkar titled “The spectrum of red blood cell parameters
in chronic kidney diseases: A study of 300 cases” demon-
strated that the presence of schistocytes and spherocytes
was mostly seen with advanced stage of chronic kidney
disease. The raised serum urea level results in increased
expression of phosphatidyl serine on outer leaflet of the RBC
membrane making them prone to hemolysis.12

Chronic liver disorders accounted for 4/34 cases with
schistocytes more than 1% on PBS. Rare schistocytes were
reported in a case of spur cell anemia arising in a cirrhotic

liver.13 Chronic disseminated intravascular coagulation is of
concern in cirrhotic livers. Alcohol-related liver diseases are
associated with hemolysis owing to alcohol toxicity on red
cell membranes. Further, liver plays a key role in lipid
metabolism; thus, alteration of lipid homeostasis in chronic
liver disorders results in increased cholesterol to phospho-
lipid on RBC membrane, which favors hemolysis.13

Cancer-related microangiopathy is associated with throm-
bocytopenia and clinical or pathological evidence of micro-
vascular thrombosis in various organs.4 This study had 7/152
nonhematologic malignancies with schistocytes, of which 1
case had thrombocytopenia and schistocyte more than 1%.

Present-day automated hematology analyzers flag frag-
mented red cells based on selected threshold.1,2 A study by
Saigo et al14 showed a good correlation of fragmented red
cells with manual schistocyte identification.1 However, in
this study, fragmented red cells were underestimated (7/157
smears) similar to a study by Banno et al.1,15 ICSH recom-
mends all samples with positive automated fragmented red
cell count andmacrocytic samples with negative fragmented
red cell count be manually reviewed.1

Furthermore, with strict application ICSH criteria, the inter-
observer reproducibilityof schistocytepercentageshowedgood
agreement between the two independent observers. A study by
Noutsos et al comparing ICSH method with another proposed
method by the study group showed moderate interobserver
strength of agreement.8

Conclusion

Schistocytes provide an insight into various etiopathogenetic
roles to explain their appearance in peripheral smear. Schis-
tocytes, when present as the major morphologic abnormali-
ty on smear examination, amounting for more than 1% in
adults favor the diagnosis of TMA. However, when seen
concurrently with other poikilocytes, is suggestive of non-
TMA conditions and need not be quantified. Strict applica-
tion of ICSH guidelines facilitates good reproducibility and
reduces interobserver biasmaking it a robust marker in early
diagnosis of TMA.
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