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Summary
Schistocytosis is the morphological hallmark of the
microangiopathic haemolytic anaemia of thrombotic
microangiopathy (TMA). Consensus guidelines for manual
schistocyte quantitation are available, but limited research
has evaluated them. The 2012 International Council for
Standardization in Haematology (ICSH) recommends a
schistocyte quantitation of 1% as a robust cut-off for sig-
nificance, with the quantitation including helmet, crescent,
triangle and keratocyte poikilocytes; and microspherocytes
only in the presence of helmets, crescents/triangles, and
keratocytes. We aimed to evaluate the relative contribution
of these different poikilocytes to schistocyte counting;
compare the ICSH method with our proposed method
which counts only cells most specific for red cell frag-
mentation (helmet, crescent and triangular schistocytes);
and evaluate inter- and intra-observer agreement. Blood
films were sourced from the Australian Snakebite Project,
including non-envenomed and envenomed cases, with
and without TMA. In blood films across the range of
schistocytosis, the predominant poikilocytes present were
helmets and crescents. Triangles, keratocytes and micro-
spherocytes were typically only present when ICSH
schistocyte count was >1%. With results dichotomised as
<1.0% or �1.0%, our proposed new method versus the
ICSH method showed almost perfect agreement [observed
agreement 95%, Cohen’s kappa (k)=0.84, SE 0.04, 95%
CI 0.76–0.92, p<0.005]. Inter-observer strength of agree-
ment for our method was moderate (Fleiss’ k for compar-
isons between three non-unique microscopists k=0.50, SE
0.05, 95% CI 0.41–0.59, p<0.005). Intra-observer repro-
ducibility assessed in two microscopists ranged from
substantial (Cohen’s k=0.71, SE 0.08, 95% CI 0.55–0.86,
p<0.005) to borderline almost perfect agreement (Cohen’s
k=0.81, SE 0.07, 95% CI 0.68–0.93, p<0.005). Schisto-
cyte quantitation using our new method is simpler than the
2012 ICSH method and had almost perfect agreement.
Our finding of moderate inter-observer agreement in
quantitating helmet, triangle and crescent schistocytes is
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applicable to both the ICSH and our newly proposed
method. This finding underscores the importance of clini-
copathological correlation and repeated examinations in
the context of a clinically suspected TMA.
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INTRODUCTION
The thrombotic microangiopathies (TMA) are a broad range
of conditions with differing clinical features, aetiologies and
prognoses, some of which require immediate recognition and
therapy.1–11 This is best exemplified by thrombotic throm-
bocytopenic purpura (TTP), which is a medical emergency.
TTP is caused by deficiency in a disintegrin and metal-
loproteinase with a thrombospondin Type 1 motif
(ADAMTS13). Whilst ADAMTS13 testing is a specific
confirmatory test for TTP, the turnaround time for this test is
typically lengthy in routine health care settings. Current
guidelines recommend commencement of immediate therapy
for presumed TTP based on this presumptive diagnosis,
without waiting for ADAMTS13 results.
The time critical recognition and treatment of TTP and

other TMAs relies on the timely detection of red cell schis-
tocytes on manual examination of the blood film.5–7,9,10,12,13

The unifying features of TMA are small vessel wall injury
and microthrombosis, presenting with a microangiopathic
haemolytic anaemia (MAHA) and thrombocytopenia.9,14

Schistocytes are the morphological hallmark of the me-
chanical haemolysis of MAHA.4,5,9,15 They appear as
erythrocyte fragments and result from a mechanical
haemolysis due to physical trauma or damage to erythrocytes
as they transit through the microvasculature or capillary
network which is obstructed by microthrombi.3–5,12,14 Al-
ternatives to manual blood film schistocyte quantitation by
newer full blood count analysers and automated image
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analysis software have been developed. However, these
methods are not recommended without manual morpholog-
ical confirmation and are not in widespread routine clinical
use.2,3,6,8,16

The finding of schistocytes on a blood film is quite
specific for the diagnosis of TMA.2,5–7,9 Blood films
from patients with TTP and other TMAs are variably
reported to have schistocytes in excess of 0.5–1.0% of
erythrocytes,2,3,5–9,13,17,18 with 1% commonly referenced
as a sound meaningful threshold for clinical
significance.4,7,9,11,18 Often in TMA the degree of schis-
tocytes is much greater than 1%.6–9,16 Schistocytes are
not found on normal blood films, although may occur at
very low frequency as an artefact due to manual frag-
mentation of erythrocytes during venesection or manual
spreading of the blood film smear.2,5,9 Schistocytes may
be seen in other conditions not related to micro-
angiopathy, including haematological malignancy, pros-
thetic heart valves, megaloblastic anaemia, renal failure,
iron deficiency and thalassemia.5,8,10,16,18 In this context
they are not the predominant erythrocyte abnormality,
comprising only a minor component of a more global
aniso-poikilocytosis.2,4,5,8,10,18 Here, the significance of
schistocytes on the blood film is much reduced.5,8 When
a blood film shows concurrent major morphological ab-
normalities consistent with these alternative diagnoses,
quantitation of schistocytes is not recommended.4,5,18

The most universally accepted and specific schistocyte
poikilocytes are red cells with morphological changes
consistent with erythrocyte fracture lines, namely rectilinear
straight edges, and sharp angles: helmet cells, crescents
(including microcrescents), and triangular cells. Additional
cells associated with TMA include keratocytes and micro-
spherocytes, which are derived from schistocytes but not
morphologically specific to TMA. Keratocytes are synony-
mous with the morphologically identical bite cells seen in
oxidative haemolysis, consisting of a curved bite shaped
peripheral defect in their surface.11 Microspherocytes are
spherical hyperdense small poikilocytes, distinct from the
rectilinear edges and sharp angles of schistocytes. They occur
in autoimmune haemolysis, but may appear on blood films of
patients with TMA, secondarily derived from
schistocytes.2–5,11,17

Expert working group consensus guidelines for the
morphological definition of a schistocyte and methods to
quantitate them are available, however there is ongoing
variability in inter-laboratory practice, varied definitions of
schistocyte morphology, and limited external evalua-
tion.16,17,19 Existing scientific recommendations for the
identification and standardisation of schistocyte quantitation
by consensus expert groups have substantially come from
French publications by the French Group of Cellular Hema-
tology (FGCH) (Groupe Français d’Hématologie Cellu-
laire)3,5,17 and more recently The Schistocyte Working Group
of the International Council for Standardization in Haema-
tology (ICSH) in 2012.4 The ICSH consensus guideline for
schistocyte quantitation includes helmet cells, crescents,
microcrescents, triangle cells and keratocytes. It recommends
inclusion of microspherocytes in the schistocyte quantitation
only in the presence of triangular/crescent, helmet schisto-
cytes and keratocytes. Microspherocytes were not recom-
mended for inclusion in schistocyte counting by the
preceding guidelines of the FGCH.3,5,17 Few studies have
externally evaluated schistocyte quantitation.2,6–9,16–19 No
studies have compared quantitation methods which include
or exclude the poikilocytes associated with TMA but not
specific to it; keratocytes and microspherocytes; or compared
ICSH and FGCH methods. Existing small studies have
focused on diagnostic sensitivity and specificity,2,7,13 estab-
lishing normal reference ranges and clinical utility.6–9,16,18,19

There are few studies on reliability, inter-observer agreement
and intra-observer reproducibility for differentiating schis-
tocyte quantitation above or below the recommended 1% cut
off for significance.2,6,8,18

Our primary aim was to evaluate the relative distribution of
these different schistocyte poikilocytes in blood films from
the Australian Snakebite Project for patients with and without
thrombotic microangiopathy, and compare the existing
schistocyte ICSH quantitation expert consensus guideline to a
schistocyte quantitation method which only includes cells
specific for TMA: helmet, crescent, and triangle cells. Our
secondary aims were to evaluate inter-observer agreement
and intra-observer reproducibility of the manual quantitation
of schistocytes most specific for TMA (helmet, triangular,
crescent and microcrescent cells).

METHODS
Achieving standardised definitions and method of schistocyte
quantitation

An approach was developed by the authors with reference to relevant litera-
ture regarding schistocyte quantitation. French language publications were
translated to English using an online translation service. Written detailed cell
descriptors and blood film images with examples of representative cells were
developed (see Supplementary Methods, Supplementary Figures S1–S9,
Appendix A). One thousand erythrocytes were counted per examination at
high power 1000× magnification under oil immersion.
Microscopists attended at least one face to face meeting and follow up

virtual meetings to establish agreement and standardisation on both the
morphological definition of schistocyte cell types, and training on the method
of blood film cell counting. Sample blood films were reviewed for stand-
ardisation purposes at the initial face to face meeting by a multi-header mi-
croscope. Follow up virtual meetings were held for ongoing training and
standardisation of schistocyte definition using blood film digital images,
which included a variety of schistocytes and other poikilocytes.

Source of blood films for examination

Peripheral blood films were selected to ensure a range of degrees of schis-
tocytosis. Slides were sourced from snakebite patients recruited to the
Australian Snakebite Project. The Australian Snakebite Project is a multi-
centre prospective cohort study of patients with suspected snakebite with and
without clinical envenoming, including cases with non-haematological
envenoming syndromes, venom induced consumption coagulopathy and
snakebite associated TMA. Detailed demographic and clinical information,
laboratory investigations and outcomes are collected in patients from over 200
hospitals Australia wide. As part of the data collection from 2005 to 2014,
serial blood films were done for patients, and then transported to the in-
vestigators. Blood films were stained by routine Romanowsky method. All
blood films were deidentified to microscopists with respect to patient diag-
nosis; and examined blind to past or other microscopist results. All blood film
examinations for both intra- and inter-observer agreement and reproducibility
studies were conducted in a random order by moving the slides about in a box.

Comparison of new proposed method versus ICSH consensus
guideline for schistocyte quantitation

Differential schistocyte counts were performed by the first author for helmet
cells, triangular cells, crescents (including microcrescents), keratocytes and
microspherocytes. The ICSH method has been previously reported, and the
quantitation was derived from the combined count of helmet, crescent/
microcrescent, triangle and keratocytes; and microspherocytes included only
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if helmets, crescents/microcrescents/triangles and keratocytes were all pre-
sent. Our new proposed method, which included only helmet, triangle and
crescent (including microcrescent) cells, was used as a comparator.

Inter-observer agreement and intra-observer reproducibility

For inter-observer agreement studies all films were reviewed by three non-
unique microscopists in total: microscopist 1 (M1), microscopist 2 (M2) or
microscopist 3 (M3), and microscopist 4 (M4). Intra-observer reproducibility
was studied in two microscopists (M1 and M4), who undertook a second
examination of blood films.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 8.2.0 for Windows
(GraphPad Software, USA) except for Cohen’s and Fleiss’ kappa analysis
which was performed in SPSS version 27.0 for Windows, (IBM SPSS Sta-
tistics, USA). Summary statistics for continuous variables were displayed as
medians and interquartile ranges (IQR), and for categorical variables, as
percentages.
Preliminary analyses for inter- and intra-observer studies were conducted

for continuous numerical data via Bland–Altman plots.20 Based on past
studies showing divergence of agreement with increasing schistocytosis, a
non-linear relationship for inter-observer agreement was hypothesised.3,8

Therefore, Bland–Altman plots for both average versus difference between
paired measurements, and average versus ratio of paired measurements were
planned.20,21 Limits of agreement with standard error (SE) and 95% confi-
dence intervals (CI) were determined.
Given the purpose of schistocyte quantitation to distinguish between the

cut-off of 1% schistocytes, statistical analyses for comparison of the ICSH
versus our new proposed method, inter-observer agreement, and intra-
observer reproducibility were primarily performed as categorical data.
Cohen’s kappa analysis dichotomising schistocyte quantitation as <1.0% and
�1.0% was used to compare the ICSH method to our new proposed method
of quantitation, paired agreement between two different microscopists, and
for intra-observer studies. The Fleiss’ kappa extension was used to assess
inter-observer agreement between multiple three non-unique microscopists
(M1, M2 or M3 and M4). The 1% cut off was specified a priori, and prior to
starting any microscopy. Cohen’s and Fleiss’ kappa (k) between 0.00–0.20
was defined as slight agreement, 0.21–0.40 fair agreement, 0.41–0.60
moderate agreement, 0.61–0.80 substantial agreement, and 0.81–1.00 almost
Fig. 1 Differential proportional counts for helmets, crescents/microcrescents, triangles
ization in Haematology (ICSH) total schistocyte percentage. Box and whisker plot of
perfect agreement, as defined by Landis et al.22 A p value <0.05 was set for
statistical significance.

Ethics

Human research ethics committee (HREC) approval for the Australian
snakebite project was obtained from major State and Territory HRECs.
Procedures followed were in accordance with the ethical standards of all
relevant State and Territory HRECs and with the Helsinki Declaration of
1975, as revised in 2008. All human participants gave written informed
consent.
RESULTS
Comparison of ICSH method with proposed new
method

Three hundred blood films were examined with differential
cell counts performed for helmet, crescent (including
microcrescent), triangle, keratocyte and microspherocyte
cells. Of these, six were excluded due to poor film quality,
with 294 blood films included in the analysis. Differential
counts showed helmet and crescent cells were the predomi-
nant poikilocytes present in all ranges of schistocytosis.
Triangle, keratocyte and microspherocyte cells were pro-
portionately less prevalent, and typically present when
schistocyte count by ICSH was >1.0% (Fig. 1). For cases
with <1.0% schistocytes by the ICSH method, median pro-
portion of keratocytes was 0.0% (IQR 0.0–0.0%), and
median proportion of microspherocytes 0.0% (IQR
0.0–0.0%). For cases with �1.0% schistocytes by ICSH
method, median proportion of keratocytes was 0.2% (IQR
0.1–0.4%), and microspherocytes 0.1% (IQR 0.0–0.2%).
Keratocytes were present in 15% of cases with schistocytes
<1.0% by the ICSH method, versus 94% of cases with
schistocytes �1.0% by ICSH method. Microspherocytes
were present in 10% of cases with schistocytes <1.0% by
ICSH method, versus 63% of cases with schistocytes �1.0%
, keratocytes and microspherocytes, versus International Council for Standard-
median, IQR, minimum and maximum values.
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by ICSH method. When results were dichotomised as <1.0%
or �1.0%, observed agreement between the ICSH method
and our proposed new method was 95% of observations, with
Cohen’s kappa statistic consistent with almost perfect
agreement (k=0.84, SE 0.04, 95% CI 0.76–0.92, p<0.005)
(Table 1).

Inter-observer agreement

Two hundred blood films were examined to determine the
inter-observer agreement, of which 16 films were excluded
due to poor quality with significant storage artefact or
crenation of cells. Of the remaining 184 films, 184 were
examined by microscopist M1, 72 by M2, 112 by M3, and
156 by M4.
Paired measurements between different microscopists

suggested a non-linear relationship with increasing diver-
gence of results as the degree of schistocytosis increased
(Fig. 2A–E). Bland–Altman plots for inter-observer agree-
ment using means versus differences between paired mi-
croscopists confirmed a non-linear heteroscedastic
relationship with increasing divergence in differences be-
tween schistocyte percentages as the mean percentage of
schistocytes increased (Fig. 2F–J). M2 versus both M1 and
M4 showed a systematic bias (Fig. 2F,I), and other paired
comparisons between microscopists showed a proportionate
error. Inter-observer differences were much smaller for no or
minimal schistocytes.
Bland–Altman plots for means of observations versus

ratios of observations between M1, M3 and M4 showed a
more linear relationship compared to means versus differ-
ences (Fig. 2L,M,O). Means versus ratios of observations
between M1 and M2, and M2 and M4, showed wider con-
fidence intervals and less linearity (Fig. 2K,N). For M1 and
M3, bias was 1.00 (SD 0.89) and 95% limits of agreement
–0.76 to 2.75; for M1 and M4, bias 0.47 (SD 0.50) and 95%
limits of agreement –0.51 to 1.46; and for M3 and M4, bias
0.32 (SD 0.35) and 95% limits of agreement –0.37 to 1.01.
Dichotomising the schistocyte count as either <1.0% or

�1.0% gave an observed agreement between paired exam-
iners M1 versus M2, M1 versus M3, M1 versus M4, M2
versus M4 and M3 versus M4 ranging between 68% (M1
versus M2), and 91% (M1 versus M3). Cohen’s kappa for the
same paired comparisons between microscopists ranged from
0.37 (0.09, 95% CI 0.20–0.55) corresponding with a fair
agreement, to 0.70 (SE 0.09, 95% CI 0.52–0.87, M1 versus
M3), corresponding to substantial agreement (Table 2;
Table 1 Two by two table for International Council for Standardization in
Haematology (ICSH) method versus proposed new method for schistocyte
quantitation including helmet, crescent/microcrescent and triangle schisto-
cytes only, dichotomised as <1.0% and �1.0%

ICSH method

<1.0% �1.0% Total

New proposed method
<1.0% 234 14 248
�1.0% 0 46 46
Total 234 60 294

Bold values represent agreement between methods.
Observed agreement 95%, Cohen’s k=0.84, SE 0.04, 95% CI 0.76–0.92,
p<0.005.
Supplementary Tables S1–S5, Appendix A). Fleiss’ kappa
analysis for 159 blood films examined by three non-unique
microscopists (from M1, M2 or M3, and M4) showed mod-
erate agreement between microscopists for dichotomously
categorised blood films <1.0% or �1.0%, k=0.50 (SE 0.05,
95% CI 0.41–0.59), p<0.005.

Intra-observer reproducibility

Microscopists M1 and M4 performed blood film schistocy-
tosis quantitations in duplicate, with their second observa-
tions blinded to their first. Paired results for each blood film
together with Bland–Altman plots for average versus dif-
ference and average versus ratio of paired duplicate obser-
vations of intra-observer reproducibility for both M1 and M4
showed a more linear trend compared to inter-observer
agreement (Fig. 3). For means versus ratios of observations
between observations for M1, bias was 0.64 (SD 0.58) and
95% limits of agreement –0.50 to 1.79, and for M4, bias 1.13
(SD 0.76) and 95% limits of agreement –0.36 to 2.61.
Dichotomising the schistocyte count as <1.0% or �1.0%

intra-observer agreed observations were 88% for M1, and
Cohen’s kappa 0.71 (SE 0.08, 95% CI 0.55–0.86), corre-
sponding to substantial agreement, and for M4 agreed ob-
servations were 90%, with a Cohen’s kappa of 0.81 (SE 0.07,
95% CI 0.68–0.93, p<0.005), corresponding to borderline
substantial to near perfect agreement (Table 2;
Supplementary Tables S6–S7, Appendix A).

DISCUSSION
Our study is the first to evaluate the proportionate distribution
of the different types of schistocyte poikilocytes, enabling an
evaluation of international expert consensus guides. The most
prominent schistocytes present in quantitations were the more
specific schistocytes: helmets, crescents (including micro-
crescents) and triangle schistocytes. The poikilocytes less
specific to schistocytosis (keratocytes and microspherocytes)
comprised only a minor part of the differential count, and did
not significantly influence categorising schistocyte counts
when dichotomised as <1.0% or�1.0%. We have proposed a
new method of quantitation which includes only those
schistocyte poikilocytes which are most specific to TMA. Our
study findings show almost perfect agreement between the
ICSH method versus our new proposed method, for deter-
mining schistocytosis at the cut-point of 1.0%. This finding of
near perfect agreement can also be extrapolated to the pre-
ceding French method from the FGCH group, which did not
include microspherocytes as part of schistocyte quantitation.
We demonstrated overall moderate strength of inter-

observer agreement, and substantial to borderline near per-
fect strength of intra-observer agreement, for our method of
schistocyte quantitation when differentiating between blood
films above and below 1.0% schistocytosis. Of four unique
microscopists, one showed clear evidence of systematic bias
in paired comparisons with two other microscopists. The
others showed a proportional error in Bland–Altman anal-
ysis, which is common in the limited other studies available
on schistocyte quantitation, and in laboratory measurement
studies more broadly.3,4,21,23 To our knowledge, our study is
the first to evaluate inter-observer agreement together with
intra-observer reproducibility. Intra-observer reproducibility
is highly relevant to the study of inter-observer agreement,
because the repeatability of a single microscopist’s



Fig. 2 Interobserver studies between microscopists for schistocyte (%) quantitation using our proposed new method, including helmet, triangle and crescent/micro-
screscent schistocytes only. (A–E) Paired blood film measurements for microscopists; (F–J) Bland–Altman plots for difference versus average; (K–O) Bland–Altman
plots for ratio versus average. M1, microscopist 1; M2, microscopist 2: M3, microscopist 3; M4, microscopist 4. Dotted lines represent 0 on the y-axis and the upper and
lower limits of agreement (95% confidence interval).
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measurement inherently limits the amount of possible
agreement between microscopists.20,21,24 Our results support
a moderate overall reliability of schistocyte quantitation. This
finding is relevant to both our new proposed method, and to
the existing ICSH method. Moreover, the reliance of the
ICSHmethod on conditionally including microspherocytes in
the quantitation, relies on both correctly identifying specific
schistocytes, and correctly differentiating microspherocytes
from spherocytes, with which there is known morphological
overlap.4 This infers a potential for even greater inter-
observer difference, and associated measurement uncertainty.
Table 2 Cohen’s and Fleiss’ kappa analysis for interobserver agreement for our
crescents and triangle schistocytes, for data dichotomised as <1.0% or �1.0%

Microscopist comparisons Films examined (N) Observed agreement % (n

Pairwise inter-observer agreement
M1 versus M2 72 68% (49/72)
M1 versus M3 112 91% (102/112)
M1 versus M4 156 72% (112/156)
M2 versus M4 68 84% (57/68)
M3 versus M4 98 80% (78/98)

Overall interobserver agreement (3 non-unique microscopists)
M1, M2 or M3 and M4 159 –

Pairwise intra-observer agreement
M1 96 88% (84/96)
M4 82 90% (74/82)

Cohen’s kappa for pairwise comparisons and Fleiss’ kappa for multiple comparison
CI, confidence interval; M, microscopist; SE, standard error.
There are multiple potential contributors to inter-observer
difference in schistocyte quantitation. First and foremost is
the examining microscopists’ interpretation and classification
of individual cell morphology that is intermediate between or
does not strictly meet the criteria of schistocyte cells.3,8

Secondly, a 1000 cell count is associated with measurement
error compared to higher cell counts.23 Other studies have
reported more convergence in inter-observer agreement using
10,000 cell counts.8 However, higher cell counts are less
practical in the diagnostic laboratory setting. The time to read
a blood smear for schistocyte quantitation counting 1000
new method of schistocyte quantitation including helmets, crescents/micro-

/N) Kappa SE 95% CI Kappa agreement p

0.37 0.09 0.20–0.55 Fair <0.005
0.70 0.09 0.52–0.87 Substantial <0.005
0.38 0.07 0.25–0.51 Fair <0.005
0.68 0.09 0.51–0.85 Substantial <0.005
0.55 0.08 0.39–0.71 Moderate <0.005

0.50 0.05 0.41–0.59 Moderate <0.005

0.71 0.08 0.55–0.86 Substantial <0.005
0.81 0.07 0.68–0.93 Almost perfect <0.005

s of 3 non-unique microscopists.



Fig. 3 Intra-observer reproducibility for replicate measurements by microsco-
pist 1 (M1) and microscopist 4 (M4). (A,B) Paired blood film measurements for
intra-observer reproducibility; (C,D) Bland–Altman plots for difference versus
average and (E,F) ratio versus average. Dotted lines represent 0 on the y-axis
and the upper and lower limits of agreement (95% confidence interval).
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cells has been reported as 10.5 minutes.6 The real world
application of 10,000 cell count methods to standardise
counting would be prohibitive in terms of balancing resource
requirements with the potentially exhaustive resourcing
required to achieve better agreement. The ICSH recommends
a 1000 cell count as the best balance between the precision
required versus the time and resources needed to perform a
manual cell count.4

A notable strength of our study is the statistical methods
used. In our scoping review of the available literature this is
the first study to use Cohen’s kappa statistic to evaluate
inter-observer agreement categorically. Other studies have
used various methods of quantitation and statistical methods
for assessing agreement, predominantly Bland–Altman
analysis, Pearson’s R correlation coefficient and intraclass
correlation coefficient (ICCC).2,6,8,18 Bland–Altman plots
are fit for purpose in analysing inter- and intra-observer
differences, but their meaning must be interpreted with
respect to the clinical significance of the discrepancy be-
tween measurements.20,21,24 Correlation analyses also carry
some limitations. Correlation examines the relationship
between one variable to another, rather than also examining
the differences, and is not necessarily the best approach for
studying agreement between microscopists or repeatability
for a single microscopist.20,21,24 Whilst the ICCC reflects
both correlation and systematic difference between mea-
surements, it is also influenced by the range of result
values.24 Arguably the clinical utility in schistocyte quan-
titation sits in distinguishing whether clinically significant
schistocytosis is present or absent,5 and therefore categor-
ically above or below 1%,4 rather than the method’s accu-
racy or reliability in distinguishing specific percentages,
particularly at higher degrees of schistocytosis. Whilst any
proportionate error will lead to the difference in results
getting larger as the average degree of schistocytosis in-
creases, what is clinically important is the degree of
discrimination categorically at the cut-off of 1%.
Our study has a few limitations. The most notable

limitations include its size with respect to the number of
microscopists performing the experiments, and the study
population being snakebite cases only. Inter-observer
studies were carried out by four microscopists, and the
comparative evaluation between our proposed method
and the existing ICSH by a single microscopist. Given
the relative rarity of TMA, the nuanced nature of the
manual quantitation of schistocytes, and recent interest in
research of automated methods, it is unlikely that large
and rigorously designed comparative studies or experi-
mental studies on schistocyte quantitation methods or
validation will be conducted. Our method used a 1000×
magnification under oil immersion. The 2012 ICSH
method recommends using medium magnifications of
400, 500 or 600× magnification, using immersion oil if
necessary.4 Our experience was that at both high and
medium magnifications, schistocytes were easily identi-
fied and differentiated; however, cell counting was sub-
jectively easier at higher magnifications with fewer cells
per field of view, and more subtle red cell changes were
better appreciated.
Our study has a number of implications for diagnostic

laboratory practice. In our experience of the Australian
Snakebite Project, which has recruited well over 2000 pa-
tients from more than 200 treating centres Australia wide,
laboratories typically report schistocytes in a qualitative or
semi-quantitative (eg., +, ++, +++, ++++) way. We urge
laboratories to start using a quantitative approach, which we
endorse as within the resourcing and training capacity of
routine diagnostic laboratories. Our findings of moderate
inter-observer agreement underscore the importance of
existing recommendations on clinicopathological correla-
tion of results, and repeated examinations of blood films
and examination via multiple microscopists where quanti-
tation is diagnostically important, such as clinically
suspected TMA with an initial negative schistocytosis blood
film result.4,5 We recommend further studies in TMA of
non-snakebite cases to confirm our finding of near perfect
agreement between existing consensus guidelines of the
ICSH and our proposed new method of including only
schistocytes specific to TMA: helmet, crescent and triangle
poikilocytes.
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