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Massive RBC fragmentation masks severe 
thrombocytopenia in both impedance and optical 
platelet count measurements – a case report of a 
neonate on ECMO support
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ABSTRACT

Extracorporeal membranous oxygenation 
(ECMO) is a life-saving treatment for pae-
diatric patients with cardiac or respiratory 
failure of diverse aetiology. ECMO sup-
port is implemented only when all other 
available medications and procedures fail 
to treat the underlying cause of organ fail-
ure. The reason for caution is a high risk 
of complications, including intravascular 
haemolysis, bleeding or clot formation, 
inflammation and sepsis. Platelet count is 
closely monitored in assessment of bleed-
ing risk associated with ECMO support. 
Platelets are counted as a parameter of the 
complete blood count and can be measured 
using impedance or optical technology. We 
report a case of severe red blood cell (RBC) 
fragmentation in a neonate on ECMO in 
whom erroneously normal platelet counts 
were obtained by all available automated 
methods for platelet count in an emergen-
cy laboratory. Based on those observations 
we have implemented an additional proce-
dure for recognising interferences of frag-
mented and microcytic RBCs that cause 
spuriously normal platelet counts.
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INTRODUCTION

Extracorporeal membranous oxygenation 
(ECMO) is a commonly used therapy for 

a variety of conditions that result in res-
piratory or cardiac failure. These include 
persistent pulmonary hypertension, con-
genital diaphragmatic hernia, meconium 
aspiration syndrome, respiratory distress 
syndrome, pneumonia, severe air-leak 
syndromes, sepsis and septic shock. (1,2) 
Even though lifesaving, ECMO introduces 
a high risk of complications including in-
travascular haemolysis, bleeding or clot 
formation, inflammation and sepsis. (3,4)

Thrombocytopenia in neonates is a ma-
jor problem in neonatal intensive care 
units (NICU), as studies have shown the 
association of thrombocytopenia with in-
creased mortality, length of hospital stay 
as well as some major comorbidities such 
as intraventricular haemorrhage, dissemi-
nated intravascular coagulopathy and ne-
crotising enterocolitis. A rapid decrease in 
platelet count is often observed in neona-
tal patients on ECMO support because of 
platelet destruction or accumulation in the 
ECMO circuit. Therefore it is crucial that 
thrombocytopenia is correctly diagnosed 
to implement timely therapy. (5)

Platelet count is routinely measured on 
an automated haematology analyzer as 
a parameter of the complete blood count 
(CBC). Platelets are counted using imped-
ance or optical light scatter methods of de-
tection in a routine/emergency setting. In 
the former, a signal (change in resistance) 
is generated whenever a cell passes through 
an orifice connecting two chambers, each 
containing a differently charged electrode. 

Detected signals are presented in the his-
togram where the size of the change in 
impedance corresponds to the cell volume. 
Therefore, the impedance method allows 
for the differentiation of different cell line-
ages, such as platelets and red blood cells 
(RBCs), based on the cell size. (1,5) This is 
sufficient when platelet and RBC size are 
normal. However, in cases of abnormal 
platelet (large platelets) or RBC (micro-
cytes, shizocytes) size, cell fragments, and 
less commonly, bacteraemia and cryoglo-
bulins, impedance platelet counting is sub-
jected to interferences because of overlap 
between RBCs and platelets and is there-
fore inadequate as a method for count-
ing platelets. (6-8) In such cases, optical 
light scatter platelet measurement serves 
as a helpful tool for obtaining an accurate 
platelet count. (7,9) The optical method on 
the Sysmex haematological analyzer uses 
a fluorescent dye that binds to ribonucleic 
acid (RNA) of platelets and reticulocytes. 
Particles are differentiated based both on 
fluorescence intensity which is proportion-
ate to the RNA content and on the cell size 
depending on the detected scattered laser 
light, as shown in figure 1f.

We report a case of massive RBC frag-
mentation in a neonate on ECMO support 
which masked severe thrombocytopenia 
because of methodological limitations of 
both impendance and optical measure-
ment of platelet count by an automated 
method commonly available in clinical 
laboratories.
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CASE PRESENTATION

A neonate was admitted to our tertiary 
university hospital with the diagnosis of 
congenital diaphragmatic hernia. Surgery 
was performed to correct the condition. 
Following surgery, the patient was put on 
ECMO and was closely monitored for the 
presence of complications associated with 
ECMO support in the NICU. Labora-
tory tests showed intravascular haemolysis 
(LDH 1970 IU/L, free haemoglobin 1872 
mg/L), anaemia and thrombocytopenia 
(26-106 x109/L). On the 7th day of NICU 
stay the patient’s condition worsened with 
a significant increase in LDH (4300 IU/L) 
and free plasma haemoglobin (9614 mg/L) 
whereas CBC analysis using the impedance 
method showed a spuriously normal plate-
let count (PLT-I = 147×109/L) that was in-
consistent with the patient’s clinical state. 
Review of the platelet histogram was highly 
indicative of interference with the platelet 
count measurement (figure 1a). Compared 
to the normal platelet histogram (figure 
1b), the histogram of our patient showed 
that platelets were not correctly separated 
from the RBC population. According to 
our laboratory’s rules, optical analysis was 
then performed to obtain a more accurate 
platelet count, resulting in a PLT count of 
160×109/L and an analyzer flag message 
for the possible presence of RBC fragments. 
Microscopic examination of a peripheral 
blood smear was performed to assess the 
morphological properties of RBCs. RBC 
fragments and microcytes were confirmed, 
yet only 0 to 1 platelets were found per 100x 
optical field (figure 2). Evidently, the blood 
smear examination confirmed that both 
platelet counts (impendance and optical) 
obtained from the haematology analyzer 
were incorrect. Therefore, manual estima-
tion of the platelet count in the periph-
eral blood smear was performed using the 
modified Fonio method. Estimated platelet 
count (ePC) was calculated using the fol-
lowing equation:

ePC (109/L) = platelets (to 1000 RBCs) x 
RBC (1012/L);

where ePC is equal to platelets (up to 1000 
RBCs in the peripheral blood smear) and 
multiplied by RBC count (obtained on a 
haematology analyzer). Estimated plate-
let count in the presented sample was 
27×109/L, which is analytically and par-
ticularly clinically significantly differerent 
compared to the automated count.

Figure 1. All platelet count measurements 
were performed on a Sysmex XE 5000 hae-
matology analyzer (Sysmex, Germany): a) 
platelet histogram shows an overlap at the 
upper discriminator level which implies that 
there is an interference in platelet meas-

urement; b) normal platelet histogram; c) 
RBC histogram shows two populations of 
RBCs indicating the presence of microcytic 
erithrocytes; d) normal RBC histogram; e) 
PLT-O scattergram presents a „stretched“ 
RBC population along the forward scatter 
axis and overlaps with the PLT-O cluster; f) 
normal PLT-O scattergram.

FSC, forward scatter corresponds to cell 
size; PLT, platelet count; RBCs, red blood 
cells (blue), reticulocytes (purple and red), 
platelets (light blue), immature platelets 
(green); SFL, side fluorescence corre-
sponds to the RNA content.

Figure 2. Peripheral blood smear (100x ob-
jective, bright field microscopy). A smear 
was stained with Hemacolor Rapid stain-
ing of blood smear (Merck, Germany). Slide 
review showed anisocytosis, fragmented red 
blood cells (RBCs) and 0 to 1 platelet per vi-
sion field.
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DISCUSSION

The International Council for Standardi-
sation in Haematology recommends the 
RBC/platelet ratio method as the reference 
method for platelet counting. (10) However, 
this method is still expensive and largely 
unavailable for common use in the labora-
tory setting. The optical method was shown 
to provide an accurate platelet count in pa-
tients with microcytosis. (5,7) Nevertheless, 
in the presented case, the optical method 
proved inadequate for platelet counting, 
which is evident from the PLT-O scatter-
gram, as shown in Figure 1d, and confirmed 
in the peripheral blood smear (figure 2). 
RBC and platelet clusters in the PLT-O scat-
tergram overlap because of the presence of 
fragmented and microcytic RBCs.

Based on these observations we imple-
mented a review procedure for recognising 
interferences of fragmented and micro-
cytic RBCs that cause spuriously higher 
platelet counts. Optical platelet analysis is 
performed if the distribution of platelet 
size, measured with the impedance meth-
od, in the platelet histogram is abnormal, i. 
e. when there is no visibly clear separation 
between platelet and RBC population. This 
abnormality is also indicated by an im-
measurable mean platelet volume (MPV) 
using the Sysmex haematology analyser, 
and in that case PLT-O scattergram is re-
viewed. If there is an overlap between PLT-
O and RBC clusters, manual review of a 
peripheral blood smear is performed to 
check the platelet result obtained from the 
analyser and to differentiate the source of 

interference on platelet count. If the micro-
scopic examination confirms an erroneous 
automated platelet count, manual platelet 
counting, using the modified Fonio meth-
od, is performed and estimated platelet 
count is reported.

If the interference of fragmented RBCs on 
optical platelet count had not been recog-
nised in our patient, – and optical platelet 
count is a counting method that has been 
otherwise shown to provide accurate plate-
let counts in cases of microcytosis, – severe 
thrombocytopenia in a neonate would 
have been missed, thereby causing a delay 
in the administration of therapy.
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