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Reversal of platelet aggregation by
supplementation with amikacin in vitro

OBJECTIVE One of the major causes of pseudothrombocytopenia is platelet
clumping due to faulty phlebotomy technique. Platelet clumps caused by
ethylenediaminetetraacetic acid (EDTA) pseudothrombocytopenia have
been reported to be dissolved by aminoglycosides. This study investigated
whether platelet clumps caused by flawed phlebotomy practice can be dis-
solved in vitro by the addition of amikacin. METHOD In 66 blood samples, the
platelets were counted using a hematology analyzer. Platelet clumping was
then provoked by the addition of calcium chloride (CaCl,) and confirmed by
microscopic observation of blood smears. To each sample, 20 mg/mL of ami-
kacin was added, and the platelets were recounted after 2 and 6 hours. The
platelet count of each sample was also estimated by microscopic observation
of blood smears. RESULTS Two hours after supplementation with amikacin,
the platelet count had increased significantly (p<0.001) compared to that
immediately after the formation of clumps. Six hours after the addition of ami-
kacin a further significant increase in platelet count was observed (p<0.001).
In 90% of the blood samples, the platelet increase was greater than 50% of
the initial value. The rise was gradual and ranged from 23 to 100%, with a
mean of 86%. Microscopic observation of blood smears revealed partial or
complete dissolution of platelet aggregates. CONCLUSIONS The addition of
amikacin to an EDTA blood sample can achieve the partial or complete dis-
solution of platelet clumps caused by faulty phlebotomy practice, enabling
a better approximate estimate of the real platelet count.
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One of the biggest problems of performing whole blood
cell counts using hematology analyzers is the erroneous
platelet count that occurs when the platelets aggregate
and form platelet clumps. Because of their size, platelet
aggregates cannot be measured in the platelet popula-
tion and they may interfere with red and white blood cell
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counts or be included in the cluster of “non-white cells”.

Platelets usually aggregate in vitro due to faulty phle-
botomy technique, including too tight tourniquet, delay
in blood drawing or transferring the sample into ethyl-
enediaminetetraacetic acid (EDTA) tubes, and insufficient
tube agitation. Other reasons for platelet clumping include

the presence of cold agglutinins or EDTA dependent au-
toantibodies.?

If platelet clumps are not detected, they lead to under-
estimation of the platelet count, resulting in false diagnosis,
unnecessary investigations, patient anxiety, and even un-
necessary platelet transfusion.

Indications of platelet aggregation in the whole blood
countinclude an abnormal platelet histogram pattern and
flags for platelet clumps and giant platelets. In some analyz-
ers, the white and red cell counts or the red cell parameters
may also be flagged. The presence of clumps is confirmed
by observing the whole blood smear. In addition, platelets
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cannot be enumerated accurately in the whole blood smear
orin aNeubauer counting chamber using a phase contrast
microscope because of the uneven distribution and the
dissimilar sizes of the clumps.

Recent studies have focused on the prevention of
platelet clump formation or the dissolution of platelet
clumps in vivo to avoid thromboembolic episodes,* and
laboratory studies on the prevention of platelet aggre-
gation or the dissolution of platelet clumps using an
aggregometer.”® According to one study, the addition
of amikacin to platelet-rich plasma prevented platelet
aggregation induced by adenosine diphosphate (ADP).?
Various methods have been proposed for the dissolution
of the platelet clumps in EDTA pseudothrombocytopenia,
including the addition of aminoglycosides.”” Amikacin,
specifically, has been demonstrated to dissolve platelet
clumps in EDTA pseudothrombocytopenia.’

How platelet aggregation caused by erroneous phle-
botomy technique can be reversed in clinical practice
remains to be discovered.

The aim of this study was to investigate whether plate-
let clumps caused by faulty venepuncture practice can be
dissolved by the addition of amikacin to the EDTA tube, in
order to avoid a second phlebotomy.

MATERIAL AND METHOD

Participants

Atotal of 66 healthy individuals aged 20-30 years were involved
in this study. The participants responded to an open announcement
for subject recruitment and were asked to give signed consent for
their participation in the study. The full medical history of each
participant was recorded to exclude individuals with thrombocy-
topathy or those receiving antiplatelet medication. In addition, the
platelet count of each participant was within the normal range.

Blood sampling

Blood samples were collected from each participantina 3-mL
BD vacutainer tube (Becton Dickinson, Crowley, UK) containing
5.4 mg of dipotassium EDTA (K,EDTA) anticoagulant. The blood
samples were analyzed using a CELL-DYN 1700 hematology ana-
lyzer to determine the initial platelet count. The samples were
processed in their fresh state.

Platelet aggregation after blood withdrawal

Platelet aggregation occurs in K,EDTA tubes after faulty phle-
botomy technique, due to platelet activation. Platelet aggregation
was provoked technically in all the study samples with a normal
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platelet count, in order to imitate platelet clumping caused by
faulty phlebotomy technique, by adding the platelet activator
calcium chloride (CaCl,) to the EDTA tubes. The required quantity
of CaCl, varied among the samples. To achieve platelet clumping,
each sample was divided into three aliquots and diluted as follows:
(a) 500 pL of the blood sample and 50 pL of CaCl,, (b) 500 uL of
the blood sample and 55 pL of CaCl,, and (c) 500 pL of the blood
sample and 60 uL of CaCl,.

All the diluted specimens were incubated at room tempera-
ture for 40 minutes, and the platelets were recounted using the
hematology analyzer. Samples that presented clots were rejected.
The platelet count was corrected for the dilution effect of CaCl,.
In dilutions with a platelet count below 100x10%/L, the presence
of platelet clumps was confirmed by microscopic observation
of blood smears. Only one dilution of each sample presented
platelet clumps, and this dilution was processed for aggregate
dissolution.

Supplementation with amikacin

Amikacin was added to each diluted sample at a concentra-
tion of 20 mg/mL. Platelets were recounted after 2 and 6 hours
of incubation at room temperature. The platelet count was cor-
rected for the dilution effect of amikacin. In addition, the platelet
count of each sample was estimated by microscopic observation
of blood smears.

Statistical analysis

The data were analyzed using the Statistical Package for Social
Sciences (SPSS), version 21.0 software for Windows. The normal-
ity of continuous data was determined. For comparisons among
groups, the paired-samples t-test and the Wilcoxon signed ranks
test were used for parametric and nonparametric tests, respectively.
To study the possibility of gradual alteration of the parameters, a
one-way ANOVA test was used. A two-tailed p value of <0.05 was
considered statistically significant for all comparisons.

RESULTS

The effect of amikacin on platelet clumps was studied
2 and 6 hours after supplementation to the K,EDTA blood
samples.

Two hours after supplementation with amikacin, the
platelet counts were increased significantly (p<0.001)
compared to those after the formation of clumps (tab. 1).
Microscopic examination of the blood smears indicated
partial dissolution of the platelet clumps. No significant
change was observed in the platelet histogram patterns of
the amikacin-supplemented samples compared to those of
the samples examined after the formation of clumps (fig. 1).

Six hours after the supplementation with amikacin, the
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Table 1. Comparison of platelet count increases after supplementation
with amikacin (n=66).

Mean 95% Cl of the difference
. p value
difference Lower Upper
Pair 1 -59.46154 -67.91612 -51.00696 <0.001
Pair 2 -101.44615 -113.48955 -89.40276 <0.001
Pair 3 -41.98462 -47.78675 -36.18248 <0.001

Pair 1: Platelet counts after the formation of platelet clumps - 2 hours after the
addition of amikacin. Pair 2: Platelet counts after the formation of platelet clumps
- 6 hours after the addition of amikacin. Pair 3: Platelet counts 2 hours after the
addition of amikacin - 6 hours after the addition of amikacin.

Cl: Confidence interval

platelets were recounted using the hematology analyzer,
and the platelet count was compared to that after the for-
mation of clumps. A statistically significant increase in the
platelet count was observed 6 hours after the addition of
amikacin (p<0.001) of more than 50% of the initial value in
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90% of the samples. Partial or complete dissolution of the
aggregates was observed on microscopic examination of
blood smears. The rise in platelet count was gradual and
statistically significant (p<0.001), ranging from 23% to
100%, with a mean of 86% (fig. 2). In addition, a significant
change in the platelet histogram patterns was observed
in the amikacin-supplemented samples in comparison to
those after the formation of clumps (fig. 1). Microscopic
observation of blood smears confirmed the partial or
complete dissolution of the platelet clumps (fig. 3).

DISCUSSION

The major cause of platelet count errors in hematology
analyzers is platelet aggregation in EDTA tubes after blood
withdrawal. Causes of this phenomenon are EDTA-induced
pseudothrombocytopenia, the presence of cold agglutinins
and erroneous phlebotomy technique.

Figure 1. Platelet histogram patterns in one of the 66 samples: (a) Untreated, (b) after the formation of platelet clumps, (c) 2 hours after amikacin

supplementation, (d) 6 hours after amikacin supplementation.
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Figure 2. The increase in platelet count 2 hours and 6 hours after the addition of amikacin.
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Figure 3. Microscopic examination of blood samples 6 hours after
supplementation with amikacin showing: (A) Partial and (B) complete
dissolution of platelet clumps.

In the case of EDTA-dependent autoantibodies or cold
agglutinins, various methods have been proposed to over-
come this artifact and achieve accurate platelet counts,
such as warming the sample to 37 °C or recollecting a
sample using sodium citrate or heparin as an anticoagu-
lant. Other remedies include additional sampling adding
3-hydroxyethyltheophylline, CaCl,/heparin, a magnesium
additive, ammonium oxalate, sodium fluoride, trisodium
citrate, pyridoxal 5'-phosphate and Tris (CPT), antiplatelet
agents or potassium azide.’?'3

Faulty phlebotomy technique is the most common
cause of this artifact. For the purposes of this study, as it
was impossible to induce platelet clumping during phle-
botomy without clot formation, the formation of platelet
clumps was achieved by the addition of CaCl, to the EDTA
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tube after phlebotomy and subsequent incubation of the
samples at room temperature for 40 minutes. Previous
studies reported the effect of aminoglycosides on the dis-
solution of platelet clumps.The addition of aminoglycosides
before or after blood withdrawal prevents EDTA-dependent
pseudothrombocytopenia.”” Presupplementation of the
EDTA anticoagulant with kanamycin has also been shown
to prevent EDTA-induced pseudothrombocytopenia,’*’*
and the addition of kanamycin to blood samples containing
EDTA can dissociate EDTA-dependent platelet clumps.’*The
differences from other reports of the present findings may
be attributed to the structure of the antibiotic used and to
a different mechanism of platelet aggregation. Regarding
the effect of amikacin, itis documented that the presupple-
mentation of EDTA tubes with amikacin prevented platelet
clumping in a patient with multianticoagulant-dependent
pseudothrombocytopenia.”’ In that patient, amikacin addi-
tion within one hour of blood sample withdrawal increased
the platelet count by approximately 100% compared to
that made immediately after blood sampling.

In the present study, the increase in the platelet count
observed after amikacin supplementation was time-
dependent. Partial platelet clump dissolution and increase
in the platelet count were evident no sooner than 2
hours after the addition of amikacin. The increase in the
platelet count was even greater 6 hours after amikacin
supplementation. Both studies demonstrated the effect
of amikacin on platelet clump dissociation, but a differ-
ence was reported in the time required for the dissolution
of aggregates. Since the antibiotic used was the same in
both studies, the possible reasons for this difference are
the dissimilar sizes of the samples studied and the differ-
ent mechanisms of platelet clumping. It appears that the
effect of amikacin on platelet clumps varies according
to the underlying mechanism of clump formation. The
mechanism of action of amikacin in platelet clump dis-
sociation remains to be elucidated.

In conclusion, amikacin supplementation of EDTA tubes
at a concentration of 20 mg/mL may dissolve platelet
clumps caused by faulty phlebotomy technique, enabling
an approximate real platelet count in only a few hours
without the need for a second phlebotomy and associated
patient mismanagement.
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ZKOMOX Na SiepeuvnBei edv N apkacivn umopei va SIaAUOEL TOUG CWPOUG ALUOTIETAAIWY TTOU TIPOKARBONKav ano Te-

XVIKO O@AAUO, WOTE Va KataoTei Suvatn n katapétpnor tous. YAIKO-MEOOAOX ¢ 66 Seiypata aipatog HeTprion-

KAV TA AIUOTIETAALA O€ AIATOAOYIKO AVAAUTH KAl KATOTIV TIPOKARONKE CUCOCWPEVON AIMOTIETAAIWY PE TNV TPOCOKN

CaCl,. MeTd Tn Snuioupyia AlOTTETAAIAKWY CWPEWY, N UTTAPEN TWV oTToiwv eMPBERAWONKE PE PIKPOOKOTTNON ETTIXPI-

OMATOG AiMaTOG, EMAVAMETPHONKAV TA AIHOTIETAAIA TWV SEIYUATWY. TN CUVEXELD, O KABE Seiypa TPOOoTEONKE AuL-

Kaoivn o€ avaloyia 20 mg/mL aipatog Kat EmavapeTpriOnkav ta alporeTAAla o€ 2 Kal 6 WPEG, EVW TTAPAANNAA EKTI-

HARONKE 0 apIOUOG Toug amod emixplopa aipatog. Me To Aoylouko mpoypappa Statistical Package for Social Sciences

(SPSS), ékdoon 21.0, €ytve oUYKPION TWV TIHWV TwV alporetaliwv pe to One-Way-ANOVA test kal to t-paired test.
AMOTEAEZMATA 310 90% TwV SEIYUATWYV TA AloTeETAA I av€nROnkav >50% TNG apXIKAG TOUG TIMAG KAl OTO ETTIXPL-
oA TTapATNPENONKE HEPIKN PEXPL TTARPNG SIAAUCN TWV CWPWV. ZTO CUVOAO TwV SelyHdTwy N avénon NTav otadlokn
KOl OTATIOTIKA TTOAU onpavTikn (p<0,001), avepxopevn o€ 23-100% (S1dpecog: 86%).
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