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Background

The lysis of platelets during in vitro coagulation leads
to increased potassium concentrations.

We aimed to establish the cut-off value for platelet
count interfering serum potassium and to estimate
the percentage of cases of pseudohyperkalemia and
pseudonormokalemia in our hospital.

Materials and methods

Individuals diagnosed with essential thrombocytosis
(2010-2019) based on the WHO criteria for the clas-
sification of myeloid neoplasms and acute leukemia
were considered.

The cut-off value for the interference of platelet count
on serum potassium results was calculated using the
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reference change value. Sensitivity and specific-
ity were calculated using a ROC-curve, and the
size of the effect by the Cohen’s d.

The clinical impact of both phenomena was as-
sessed by reviewing the medical records of in-
dividuals classified as such, and also looking for
potential cases in 2019 on the laboratory infor-
mation system.

Results

Fifty-four individuals with essential thrombocy-
tosis were included. Potassium concentration
correlated with platelet count (P-value<0.001;
Spearman’s p =0.394) in serum. The cut-off
value of platelet count interfering potassium
was 598x10%/uL [C195%: 533-662x10%/uL], with
an associated sensitivity and specificity of 0.67
[C195%:0.52—-0.80] and 0.58 [CI95%:0.42-0.72]
respectively.

The medical records of patients classified as
pseudohyperkalemia or pseudonormokalemia
did not include any medical action for the modi-
fication of potassium levels. In 2019, up t0 0.14%
of the total serum potassium determinations
were susceptible to be pseudohyperkalemia or
pseudonormokalemia.

Conclusion

This study provides a cut-off value for platelet
count interfering serum potassium concentra-
tions, and brings to light not only pseudohyper-
kalemia-related issues, but also the pseudonor-
mokalemia phenomenon, which usually goes
unnoticed.
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INTRODUCTION

Potassium ion (K*) concentrations in plasma
are kept within a narrow range thanks to its
homeostatic mechanisms. The increase in vivo
in extracellular potassium ion (K*), known as

hyperkalemia (HK) (decrease in K* removal by
the kidney, rhabdomyolysis, tumor lysis, hemo-
lysis, etc.) may produce neuromuscular and car-
diac hyperexcitability, resulting in mild muscle
cramps, weakness, paralysis or extremely severe
arrhythmia.’?

Pseudohyperkalemia (PHK) is a common find-
ing in clinical samples from individuals with es-
sential thrombocytosis (ET) or reactive throm-
bocytosis (RT), as a consequence of marked
in vitro elevation of serum K* levels in the ab-
sence of clinical evidence of electrolytic imbal-
ances. Multiple studies have reported that this
elevation may be a result of the lysis of plate-
lets or other cell components during blood co-
agulation.?* and has been historically defined
as anincrease in serum K* concentration of 0.4
mmol/L over plasma.® In contrast, pseudonor-
mokalemia (PNK) is a less known phenomenon,
although resulting from the same mechanism
that goes more easily unnoticed by physicians.
In PNK, where K* values are accepted as ‘nor-
mal’ when the patient is actually hypokalemic
and may need to be treated.

From a preanalytical point of view, it is accept-
ed that sample collection and management
are crucial for a proper assessment of K* levels.
Some frequent causes of PHK include an exces-
sive duration of transportation and subsequent
delay in centrifugation, sample refrigeration
before centrifugation, improper phlebotomy
technique, sample contamination with potas-
sium EDTA, sample transportation through
pneumatic tube, hemolysis and also possible
seasonal variations in environmental temper-
ature.”® When PHK or PNK is suspected, the
determination of K* concentration is recom-
mended either in lithium heparin (LH) plasma
or in whole blood samples with balanced LH.*°
In some countries, or specialized clinical set-
tings, lithium heparin tubes are strongly recom-
mended to robustly assess and rule out possible
cases of falsely increased potassium values. This
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requires physicians and nurses to be aware of
such potential situations, and prevent any delay
in the diagnosis.

Despite extensive literature evidencing a posi-
tive correlation between thrombocytosis and
K* concentration measured in serum, very few
studies have tried to establish a valid cut-off val-
ue for the platelet count above which K* results
should be interpreted with caution, let alone
their clinical impact.

Hence, the aims of our study were: 1) to estab-
lish the cut-off value for platelet count in whole
blood that yields K* variations in serum above
the reference change value (RCV) and, based on
these results, 2) to estimate the percentage of
cases of PHK, PNK and HK in our hospital togeth-
er with the clinical outcomes related to over-or
undertreatment.

MATERIAL AND METHODS

Study design

This was a retrospective observational study
performed at Hospital Universitari Son Espases
(Palma de Mallorca, Spain), which is a tertiary
care hospital giving direct service to a population
of about 325,000 inhabitants. The analytical re-
sults included in the study were obtained from
the laboratory information system (LIS) GestLab
(Indra Cointec, Spain), and the medical records
were obtained from the hospital information
system Millennium (Cerner Corporation, USA),
after obtaining the approval by the Ethics Board
of our institution [Research Ethics Committee of
the Balearic Islands (CEI-IB), n2 1B 4191/20 PI].

Patients diagnosed with ET (2010-2019) based
on the WHO criteria for the classification of my-
eloid neoplasms and acute leukemia,!! which
were appointed for a control blood examination
(including complete blood count and basic met-
abolic panel) by the Department of Hematology
were considered. Individuals were included if

they had at least two control blood analyses
after diagnosis date within a time frame of <4
months, both of them including platelet count,
red blood cell count (<5.8x10%/ul) and leuko-
cyte count (<20x103/ul) in whole blood, and
creatinine (<1.2 mg/dL; 106.1 umol/L), potas-
sium and hemolysis index (<0.003 g/dL free Hb)
in serum.

Another inclusion criterion was that one of
both blood analyses had a platelet count be-
tween 300-400x103%/uL (reference interval: 150-
400x103/uL) whereas the other had an altered
result (>400x103/uL). For each patient, there
was a sample with a normal platelet count and,
at least, a sample with an abnormal platelet
count. However, there were some patients with
more than one sample with an abnormal plate-
let count.

Patients with chronic kidney disease, gastroin-
testinal disease or under treatment with drugs
potentially altering potassium homeostasis were
excluded (including anti-platelet therapy).

All samples were collected into tubes contain-
ing potassium EDTA (whole blood) or serum
separator gel (Vacutainer, Becton Dickinson)
and received at the laboratory through pneu-
matic tube. According to laboratory protocols,
serum samples were centrifuged at 1500g for
10 min after clot formation.

All biochemical parameters were analyzed with-
in the first hour after blood extraction on an
Architect ¢16000 platform (Abbott Diagnostics).
The reference interval for serum K* used in our
laboratory is 3.6—5.3 mmol/L. Hematological
parameters were measured by Hematology
Analyzer (Abbott Diagnostics), and the analyti-
cal imprecision of the platelet count was 3.02%.

Data analysis

Basal K* concentration (A) was defined as the K*
result with a platelet count within the reference
range, while the false K* concentration (B) is
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referred to the result in the sample with a plate-
let count above the upper reference limit.

The dependence of K* results on the platelet
count was assessed by the representation of
the percentage variation of K* [((B - A)/A) x 100]
against the altered platelet result. For individu-
als with more than 2 samples (more than one
with an abnormal platelet count), all differenc-
es were referred to the sample with a normal
platelet count. All values were included in the
analysis.

Statistical analysis

All statistical calculations were performed on
the SPSS v.24 software (IBM Corporation, USA).
The Kolmogorov-Smirnov test was used to as-
sess distribution normality, and the correlation
between variables was evaluated by means of
Pearson’s correlation coefficient if normally dis-
tributed and Spearman’s p if not. Statistical sig-
nificance was set at 0.05.

The cut-off value was determined as the plate-
let count for which the K* result exceeded the
RCV of our laboratory. Its related sensitivity and
specificity were determined using a receiver
operating characteristics (ROC) curve. RCV was
calculated using the following equation:

RCV =11.6% = £ V2 X ZX/CV? + CV?

where CVA is the analytical coefficient of varia-
tion in our laboratory (most adverse level: 1.3%),
CVI is the intraindividual biological variation
(4.8%) according to the guidelines of the Spanish
Society of Laboratory Medicine (SEQC),*? and Z is
the unidirectional statistical coefficient (1.65 for
95% probability).

A statistically significant result only indicates
that it is unlikely that the relationship found be-
tween variables is due to chance. However, it
does not provide information about the strength
of the relationship (size of the effect) or if such

relationship is clinically significant. On this basis,
the clinical relevance of the thrombocytosis in-
terference was quantified by the effect size esti-
mates using the Cohen’s d (parameter generally
used to refer to the magnitude of an outcome
result or to the strength of the relationship be-
tween two variables, in our case, platelet count
and K* concentration). It was calculated by esti-
mation of the magnitude of the difference be-
tween averages of the effect obtained by throm-
bocytosis (false K* results) compared to a control
group (basal K* results):

hneanbam! Kkt — MeANgtereq K’+|

Cohen's d =
onemn s pooled standard deviation

Values for Cohen’s d less than 0.2 indicate a very
low effect, while values greater than 0.8 imply a
significant effect.

Clinical consequences

After setting the cut-off value for platelet count
for statistically significant interference, false K*
results corresponding to altered platelet counts
were mathematically estimated using the ob-
tained regression, thus obtaining corrected K*
values. Patient samples with corrected K*<3.6
mmol/L were classified as PNK episodes, those
samples with 3.6<K*<5.3 mmol/L (corrected val-
ues within reference interval) were classified as
PHK and those with corrected K*>5.3 mmol/L
were classified as true HK.

The clinical scope of this alteration of K* results
was assessed in two branches.

First, a review of the medical records of the in-
dividuals previously identified as cases of PNK,
PHK and HK was conducted, aiming to classify
clinical outcomes of such actions for the pa-
tient. Medical actions aiming to correct potassi-
um were searched, as well as adverse outcomes
of over- or undertreatment.
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Secondly, a retrospective search was performed
for serum K* results representing susceptible
episodes of PNK or PHK for year 2019. The fol-
lowing filters were applied: K* = 3.6—4.7 mmol/L
(for PNK) or K*>5.3 mmol/L (for PHK); platelet
count above the established cut-off value; red
blood cell count (<5.8x10%/pL); leukocyte count
<20x103%/uL; serum creatinine <106.1 umol/L
and hemolysis index <0.003 g/dL free Hb.

RESULTS

Fifty-four patients with ET met all inclusion cri-
teria for our study, with a total of 94 results.
The main characteristics of patients are shown
on Table 1. The correlation between the per-
centage variation of serum K* and the platelet
count in whole blood was statistically significant
(P-value <0.001). These variables were found to
be associated in a linear manner, following the
equation:

AK*, [%] =-2.16 + 2.3x107 - platelet count [uL?]
Spearman’s p = 0.394

The application of the RCV in the obtained equa-
tion yielded a cut-off value for platelet count of

Table 1

ET (n=54) | 63 [22-95] | 4.7 [4.5-4.9],87 | 5.6 [5.4-5.8],7| 2 7 =

Normokalemia | Hyperkalemia | PNK|PHK| HK

598x103/uL [Cl 95%: 533—662x103/uL] for the
definition of interference, with an associated
sensitivity of 0.67 [Cl 95%: 0.52-0.80] and spec-
ificity of 0.58 [Cl 95%: 0.42—-0.72] (Figure 1).
No relationship was found between potassium
variation and mean platelet volume (MPV).

The calculation of Cohen’s d for the estimation
of the size effect of thrombocytosis on the K*
values yielded d =1.0.

For the correction of serum K* results, the es-
tablished cut-off was used. Of all corrected val-
ues, 6.5% (n=7) corresponded to PHK episodes
and 1.9% (n=2) to PNK episodes. No results re-
flecting true HK were found.

The medical records associated with these 9
episodes did not include any medical action for
the modification of K*levels. In addition, pa-
tients with PNK did not show any adverse clini-
cal evidence for the lack of treatment. Likewise,
as a result of the second study, we found out
a total of 430 results susceptible of being PNK
and 75 of PHK for year 2019 (of over 368,000 K*
serum tests). This means that 0.14% of the K*
results may have been incorrectly interpreted in
case of thrombocytosis.

Classification

K*(before correction), (after
n.* correction),
Age n, Platelet count

592 [509-719]
x103/uL

n *: number of results
Data median [min-max]. Age

Data median [IQR, interquartile range]. Platelet Count; K+ (mmol /L)
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Figure 1

Impact of platelet count on serum K+ measurements
regarding to the baseline values

Effect of platelet count on serum potassium

40,057

“% Variation (Serum potassium)

RCV
0 o o y =-2.16 + 0.023x
Spearman’s p = 0.394
50
400 600 800 1000 1200 1400
Platelet count (x1000/ul)
DISCUSSION a fixed change in K*, independently of its base-

The retrospective analysis of patients with ET
allowed us to verify the dependence of in vitro
serum K* with platelet count, as previously re-
ported elsewhere.’?

There is scarce literature regarding the estab-
lishment of a cut-off value above which serum
K* is significantly interfered by thrombocytosis,
and the available cutoff values are all based on

line concentration. Thus, Thurlow et al” and
Ranjitkar et al'** reported that platelet counts
above 500x103/uL cause a variation in K* of >0.5
mmol/L. In our study, exclusion of hospitalized
individuals was considered, thus assuring that
patients with kidney disease, under fluid thera-
py or under treatment with other drugs poten-
tially altering K* homeostasis would not affect
the findings.
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Moreover, a new feature of our approach was
that only effects above the reference range
were included in the study (this explains why
basal platelet counts were chosen close to the
upper limit of reference), leading to a higher ro-
bustness of the conclusions. In our opinion, the
abovementioned cut-off values could be opti-
mized more accurately since, given the RCV in
our laboratory, for individuals with basal K* <4.0
mmol/L variations below 0.5 mmol/L could be
significant, whereas for individuals with basal K*
>5.0 mmol/L, variations >0.5 mmol/L would be
needed for thrombocytosis to be considered re-
sponsible for the increase.

The application of the abovementioned exclu-
sion criteria for individuals diagnosed with ET
allowed excluding results potentially generating
a bias in the statistical analysis, hence optimiz-
ing the selection of data from previous stud-
ies.”* |In addition, considering the individuality
index (Il) of serum K* (Il = 1.0 according to the
Biological Variation Database of the European
Federation of Clinical Chemistry and Laboratory
Medicine, EFLM),*> the RCV was considered as
the statistical element to establish the magni-
tude of interference.

Regarding the statistical results, the coefficient
of correlation obtained for the regression is in
accordance with related studies, although the
sensitivity associated with the cut-off obtained
in our study is lower than that reported by
Thurlow et al,” probably due to the dispersion
of our results.

The clinical relevance of thrombocytosis in the
determination of serum K* is evidenced by the
result of Cohen’s d coefficient.-

Pseudohyperkalemia is a finding well known by
physicians attending individuals with ET, which
is brought to light by the absence of unneces-
sary clinical interventions in the medical records
reviewed in our study. Nevertheless, a profes-
sional unfamiliar with this condition may be

confused by elevated potassium levels without
accompanying reports on hemolysis. This may
result in unnecessary treatments leading to po-
tentially dangerous outcomes such as iatrogen-
ic hypokalemia.'® These observations point out
that laboratory reports should include caution
notifications if PHK is suspected. Correction of
K* results in cases of possible PHK could also be
a useful alternative to avoid overtreatment, al-
though further studies need to be performed in
this direction. Similar strategies have also been
suggested for PHK due to hemolysis.***”

Regarding pseudonormokalemia, to the best of
our knowledge, this is the first study assessing
this phenomenon in clinical samples. Although
in our study no cases of moderate to severe hy-
pokalemia were found, the lack of knowledge
of this situation and the lack of warnings could
increase the risk of underestimation with po-
tential adverse clinical outcomes.

The retrospective study using our cutoff value
for cases susceptible of PHK and PNK in our
population offers a broad vision of the scope of
the interference and the magnitude of poten-
tial repercussions being in our case, particularly
remarkable the susceptible episodes of PHK. In
our study, 8 of the results show moderate (K*=
6.1-6.5 mmol/L) or severe HK (K*>6.5 mmol/L),
which means a high probability of carrying out a
medical action if the platelet count has not been
considered. Therefore, it would be interesting
to add such warnings as an aid for the physi-
cian towards an improvement in patient safety.
Nevertheless, prospective studies comparing se-
rum and plasma samples in patients with throm-
bocytosis are still needed for the verification and
validation of our results.

Translation of research into routine laboratory
practice is fundamental. The first steps for the
application of our findings should be to include
algorithms into the LIS, so that potentially inter-
fered potassium values appear with a comment
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and/or those results are held for specialist re-
view. Alternative strategies could be to request
the determination of K*concentration either in
lithium heparin (LH) plasma or in whole blood
samples with balanced LH to confirm the pres-
ence of the interference.®

This study has some limitations, mainly related
with its retrospective nature and the trust in
the records from the laboratory and hospital in-
formation systems. A larger sample size for the
establishment of a cut-off value for the platelet
count would add robustness to our conclusions,
as the dispersion of our results leads to a low
coefficient of correlation. This could also be par-
tially explained by the interindividual biological
variability, which was not included as variable
in this study. Besides, result correction should
always be performed with care and potential
misclassifications should be studied. The deci-
sion on using plasma samples instead of serum
in the measurement of potassium lays in each
laboratory, depending on their organization and
the distance of blood collection points. In ad-
dition, other unusual potential sources of con-
tamination, such as EDTA contamination, were
not specifically tested.

As strengths, this study provides an improved
cut-off value by specifically selecting the partici-
pants: platelet counts homogeneously distrib-
uted in the pathological region above the upper
limit of reference and avoiding hemolyzed sam-
ples. In addition, this study brings to light not
only PHK-related issues and its overtreatment
consequences, but also the PNK phenomenon,
which may usually go unnoticed and whose lack
of treatment might carry adverse outcomes for
the patient. Thus, as individuals with platelet
counts above the cutoff value could present po-
tassium values exceeding the RCV, those results
should be interpreted cautiously. Although the
authors are aware that our cutoff value is not
optimal, they consider it is of a great clinical use-
fulness, given that a platelet count above such

cutoff value leads to a significant (false) increase
in potassium values, with subsequent potential-
ly adverse medical actions. Future studies war-
rant a better adjustment and optimization of the
regression and cut-off values.

In conclusion, and considering hypo- and HK as
life-threatening disorders, with an essential early
detection and treatment, laboratory profession-
als need to identify possible interferents and re-
move or minimize them, so that the K* result on
the laboratory report is accurate. This will allow
physicians to take medical actions according to
the real needs of the patient and avoid under- or
overtreatments, thus enhancing patient safety.

00 0% o% o% <%
0.0 0’0 0’0 0’0 0‘0

Declaration of competing interests

All authors declare no conflicts of interest.

Funding

This study has not received any type of public or
private funding.

Ethics approval and consent to participate

The study was approved by the Ethics Board of
our institution [Research Ethics Committee of
the Balearic Islands (CEI-IB), n2 IB 4191/20 PI].

Contributorship

Study conception and design: JAD, DMG, BL,
JMB; acquisition of data: JAD, MAB, SAJ; analysis
and interpretation of data: JAD, JMB; drafting of
manuscript: JAD, JMB, BL, EMM. All authors re-
viewed and edited the manuscript and approved
the final version of the manuscript.

00 0% o% o% o
0’0 0’0 0.0 0.0 0.0

REFERENCES

1. Meka NP and Malik YO. Unexplained hyperkalemia:
The tip of the iceberg. Am J Case Rep 2012; 13: 125-127.

Page 240
eJIFCC2022Vol33No3pp233-241



J.A.Delgado, B. Lopez, D. Morell-Garcia, E. Martinez-Morillo, M.A. Ballesteros, S.A. Jiménez, M.A. Durdn, J.M. Bauga
Clinical thresholds for pseudohyperkalemia and pseudonormokalemia in patients with thrombocytosis

2. Howard MR, Ashwell S, Bond LR, et al. Artefactual
serum hyperkalaemia and hypercalcaemia in essential
thrombocythaemia. J Clin Pathol 2000; 53: 105-109.

3. Salek T. Pseudohyperkalemia - Potassium released from
cells due to clotting and centrifugation - a case report. Bio-
chem Med (Zagreb) 2018; 28(1): 011002.

4. Fukasawa H, Furuya R, Kato A, et al. Pseudohyperkale-
mia occurring in a patient with chronic renal failure and
polycythemia vera without severe leukocytosis or throm-
bocytosis. Clin Nephrol 2002; 58: 451-454.

5. Claver N, Cano R, Mird S, et al. Pseudohyperkalemia
due to severe leukocytosis: case presentation. Clin Chem
Lab Med 2016; 54(12): e365-e367.

6. Hartmann RC, Auditore JV and Jackson DP. Studies on
thrombocytosis. I. Hyperkalemia due to release of potas-
sium from platelets during coagulation, J Clin Invest 1958;
37:699-707.

7. Thurlow V, Ozevlat H, Jones S, et al. Establishing a prac-
tical blood platelet threshold to avoid reporting spurious
potassium results due to thrombocytosis. Ann Clin Bio-
chem 2005; 42(3): 196-199.

8. Salvagno L, Demonte D and Lippi G. A paradigmatic
case of haemolysis and pseudohyperkalemia in blood gas
analysis. Biochem Med (Zagreb) 2019; 29(1): 011003.

9. Green DN and Collinson PO. A Few Steps Closer to Op-
timizing Pseudohyperkalemia Detection. J Appl Lab Med
2019; 3(6): 919-921.

10. Dastych M and Cermakova Z. Pseudohyperkalemia in
leukaemic patients: the effect of test tube type and form

of transport to the laboratory. Ann Clin Biochem 2014;
51:110-113.

11. Barbui T, Thiele J, Gisslinger H, et al. The 2016 WHO
classification and diagnostic criteria for myeloprolifera-
tive neoplasms: document summary and in-depth discus-
sion. Blood Cancer J 2018; 8(2): 15.

12. Ricos C, Alvarez V, Cava F, et al. Current databases on
biologic variation: pros, cons and progress. Scand J Clin
Lab Invest 1999; 59: 491-500.

13. Lippi G, Salvagno GL and Guidi, GC. Adjustment of se-
rum potassium for age and platelet count. A simple step
forward towards personalized medicine. Clin Chem Lab
Med 2015; 53(12): e325-e327.

14. Ranjitkar P, Greene DN, Baird GS, et al. Establishing
evidence-based thresholds and laboratory practices to
reduce inappropriate treatment of pseudohyperkalemia.
Clin Biochem 2017; 50(12): 663—669.

15. European Federation of Clinical Chemistry and Labora-
tory Medicine. Working Group: Biological Variation. EFLM
Biological Variation Database, https://biologicalvariation.
eu (accessed 15 September 2020).

16. Chan JS, Baker SL and Bernard AW. Pseudohyperkale-
mia without reported haemolysis in a patient with chron-
ic lymphocytic leukaemia. BMJ Case Rep 2012; 2012:
bcr1220115330.

17. Martinez-Morillo E and Alvarez F. Management of
potassium results in haemolysed plasma samples at the
emergency department laboratory. Clin Chem Lab Med
2019; 57(11): e271—-e273.

Page 241
eJIFCC2022Vol33No3pp233-241


https://biologicalvariation.eu
https://biologicalvariation.eu

