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ABSTRACT

Serum potassium is part of routine laboratory tests done
for patients with hypertension or diabetes mellitus in
primary care. Those found to have raised potassium
(K>5.5 mmol/L) are recalled for repeat potassium in
emergency departments or primary care clinics. Repeat
potassium are often normal (<5.5 mmo/L), that is,

false hyperkalaemia. Haemolysis is known to cause

false hyperkalaemia. We postulated that unlysed false
hyperkalamia was prevalent and was associated with
factors such as delayed processing time.

Objective We aimed to determine the prevalence of
unlysed false hyperkalaemia and the factors associated
with false-and-true-hyperkalaemia.

Setting Outpatients in a cluster of public primary care
clinics (polyclinics) in Singapore.

Participants All patients of any ethnicity aged >21 with
serum potassium test done.

Methods Electronic health records of index patients with
potassium >5.5 mmol/L and its corresponding laboratory
processing time in seven local polyclinics were reviewed
between August 2015 and August 2017. Haemolysed
specimens and patients on sodium polystyrene sulfonate
(SPS) suspension were excluded. If repeat potassium
level was <5.5 mmol/L within 8 days, the case was
defined as false hyperkalaemia. The proportion of such
patients was computed to determine its prevalence.
Linear and logistic regressions were used to identify the
associated factors.

Results The study population comprised of 3014

index cases, of which 1575 had repeat potassium tests
without preceding SPS. 86.4% (1362/1575) of them had
potassium <5.5 mmol/L. The average processing time
among specimens with potassium >6.0 mmol/L was

50 min longer, compared with those with potassium

<5.1 mmol/L. Risk factors significantly associated with
false hyperkalaemia included estimated glomerular
filtration rate (eGFR) (60-89 mL/min/1.73 m?, OR=3.25,
p<0.001;>90 mL/min/1.73 m? OR=3.77, p<0.001) and
delayed laboratory processing time (beta coefficient 0.001,
p<0.001).

Conclusion The prevalence of false hyperkalaemia was
86.4%. Recommendation to repeat potassium tests may
target those with eGFR<60mI/min/1.73m?.
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Strengths and limitations of this study

» The approximate prevalence of false hyperkalaemia
(as yet unknown in Singapore and in primary care as
a whole) can be discovered.

» Case notes were not reviewed for dietary assess-
ment which could contribute to hyperkalaemia.

» Information on preanalytical variables, such
as fist clenching, hyperventilation, ethylenedi-
aminetetraacetic acid (EDTA) contamination and
postsplenectomy status, all of which increases the
chance of false hyperkalaemia independent of time
were not available.

» Patients whose potassium tests were done in emer-
gency departments were unable to be captured.

» Drop-outs may affect the deemed prevalence of
false hyperkalaemia, and affect significance of fac-
tors which may further predict true hyperkalaemia.

INTRODUCTION

Non-communicable diseases (NCD), such as
metabolic and vascular disorders, are rising
in prevalence globally." Renal impairment is
a major complication among patients with
NCD.? Serum electrolytes such as potassium
are evaluated as an integral component of
renal function assessment. Most of these blood
tests are collected in the primary care setting
all around the world, where an in-house labo-
ratory (lab) is not available. Instead, these
specimens have to be couriered to an off=site
lab after blood draw for processing. This will
incur a lag time of varying duration before
the specimen is processed. One possible
outcome of this assessment is elevated serum
potassium or hyperkalaemia, which, if true, is
potentially lethal as it impacts cardiac muscle
function.”? Nonetheless, serum potassium can
be artificially raised due to haemolysis, which
is a known cause of false hyperkalaemia.*
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Pseudohyperkalaemiais defined asan elevation of serum
potassium while plasma potassium is normal.” There are
several other terms which describe the same phenomenon,
such as ‘spurious hyperkalaemia’ or ‘factitious hyper-
kalaemia’.® The literature reports preanalytical factors
for pseudohyperkalaemia, which are largely modifiable,
such as mechanical lysis, ethylenediaminetetraacetic acid
(EDTA) contamination in the tubes, specimen clotting,
low temperature,” delayed processing time,® prolonged
fist clenching and difficult venipuncture. Patient factors
causing hyperkalaemia include hyperventilation, poor
renal function (chronic kidney disease (CKD) stage 3A
and above) existing haematological diseases, malignancy,
postsplenectomy status, treatment with angiotensin-
converting enzyme -inhibitors (ACE-i) or with angiotensin
receptor blockers (ARB).” A retrospective case—control
Japanese study concluded that patients on ACE-i or ARB
with a lower body mass index (BMI) are more prone to
hyperkalaemia with potassium >5.5mmol/L." Patients on
potassium chloride supplements,'' used for treatment of
hypokalaemia, may develop hyperkalaemia if overtreated.

Singapore has a dual public—private primary health-
care system. The official Primary Care Survey in 2014'
reported that 52% of patients who attended the public
primary care clinics or polyclinics were for the treatment
of NCD. The local practice guidelines recommend an
annual renal function test as part of the health assessment
of these patients. Serum potassium is also measured when
physicians initiate or titrate the doses of ACE-i or ARB,
which are commonly prescribed for these patients.

An unpublished internal audit in a typical local poly-
clinic showed that false hyperkalaemia (where repeat
serum potassium is normal), occurred in 90% of cases
where initial serum potassium levels were above 5.0
mmol/L. There are unpublished incident reports where
elderly patients treated with usual doses of sodium poly-
styrene sulfonate (SPS) for 2 days had repeat potassium
of 2.4 mmol/L, which is life-threateningly low. This
suggests the initial potassium could have been normal to
begin with. Consequently, we postulated that false hyper-
kalaemia was prevalent across the polyclinics and it was
associated with modifiable factors.

Plasma potassium is unavailable as a routine test in labo-
ratories within public healthcare institutions to confirm
pseudohyperkalaemia. The processing of serum potas-
sium is carried out in an off-site central laboratory, leading
to a lag-time before the potassium results are reported. If
potassium is raised, local physicians often give a phone
call to patients to repeat the serum potassium test for
patients’ safety. This means that patients have to revisit
the clinic doctor and laboratory on a separate occasion,
leading to inconvenience and cost. Most patients bear the
cost of these repeat consultation and repeat potassium
directly, paying either by cash or via their own Medisave,
which is a mandatory national healthcare savings scheme,
where individuals deposit part of their monthly salary
into. Any medication prescribed as part of the manage-
ment of hyperkalaemia are also paid for by patients or

their family members. This increases healthcare burden,
if the initial potassium result turns out to be falsely raised.

Hence, the aim of the study is to determine the preva-
lence of false hyperkalaemia in a network of polyclinics
and to identify the factors associated with false and true
hyperkalaemia.

METHODS

Setting and participants

A retrospective study was conducted among all ambu-
latory patients, in seven public polyclinics situated in
central and eastern Singapore between 1 August 2015
and 8 August 2017 inclusive.

Inclusion and exclusion criteria

The study population comprised of ambulatory persons
who had their blood sampling done for serum potas-
sium levels at the study sites. All serum potassium tests
performed as part of hypertensive and diabetic panels, as
well as stand-alone potassium tests, in all patients aged 21
and above, were included. There were no restrictions by
diagnosis codes or disease stage.

Data extraction

The data from the electronic medical records were
extracted by an independent personnel from the national
healthcare information technology vendor (Integrated
Health Information Systems), who deidentified the
patients to a study identification number (ID). Any
potassium done within 8 days of index case inclusive was
tagged to the same study ID. Any patients with potassium
done after 8 days of index case were given a new study ID
number and counted as a separate subject during data
extraction.

The following data were extracted:

(1) Specimen collection time, (2) Time processed
by central laboratory, (3) Polyclinic collected from, (4)
Age, (5) Gender, (6) BMI based on most recent body
weight and height, (7) Potassium levels,(8) presence of
haemolysis (yes/no), (9) Repeat potassium (value and
date) within 8 days of first K>5.5 mmol/L inclusive, (10)
Polyclinic where repeat potassium was collected, (11)
Creatinine at date of reported hyperkalaemia (pmol/L)
and within 12 months prior, (12) Latest full blood count
(FBC) results (within 6 months before and 6 months
after first reported K>5.5 mmol/L) and (13) Medications
prescribed within 6 months prior and 3 months after
first hyperkalaemia (filtered). The filtered medications
extracted were ACE-i (captopril, enalapril, lisinopril,
perindopril, ramipril), ARB (candesartan, irbesartan,
losartan, olmesartan, telmisartan, valsartan), potassium-
sparing diuretics (spironolactone), potassium supple-
ments (potassium chloride tablet, potassium citrate
mixture) and the cation-exchange resin, SPS.

The medications extracted included those that
potentially caused hyperkalaemia, such as ACE-i, ARB,
spironolactone and potassium chloride tablets. Patients
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were counted to be on these medications if they were
prescribed within 6 months prior to index hyperkalaemia.
Six months is the longest refill duration in polyclinics for
most patients. Medication that potentially caused hypo-
kalaemia, such as SPS, a cation-exchange resin used to
lower serum potassium as treatment for hyperkalaemia'®
in the outpatient setting, was also extracted for. Patients
were counted to be on SPS if it was prescribed between 0
and 2 weeks after index hyperkalaemia.

Definitions
Unlysed specimens with serum potassium >5.5 mmol/L
were counted as an index case.'* A study in an ambula-
tory setting in the UK in 2006 showed that 25% of the
patients with K>5.8 mmol/L came back within 6 days of
recall to repeat the test."”” In the local setting, results are
usually reviewed with patients within 1 week after blood
draw, that s, 8 days inclusive of the day of first blood draw.
Hence, false hyperkalaemia was defined as repeat serum
potassium within 8 days of index unlysed hyperkalaemia
being <5.5 mmol, and without any known prescription of
SPS during these 8 days. The prevalence of false hyper-
kalaemia was determined as the percentage of patients
whose repeat serum potassium within 8 days of index
hyperkalaemia was <5.5 mmol/L, among all those who
repeated serum potassium within 8 days. All these potas-
sium specimens must not be haemolysed. These patients
must not be prescribed SPS within those dates.

Processing of collected blood samples

While phlebotomy is carried out within the polyclinics, the
biochemical analyses of the blood samples are centralised
in an offssite laboratory. Serum potassium specimens
are collected at study sites, stored at room temperature,
and despatched in a chilled box by couriers coming two
times a day. The central laboratory has three potassium
analysers which are calibrated daily to ensure their accu-
racy. Haemolysis is detected by the blood analyser, and
confirmed by visual inspection of the blood specimen by
laboratory technicians in the central laboratory. The elec-
tronic laboratory results are reported back to the poly-
clinics 3-6 hours later.

A workflow is in place for the central laboratory and
clinic to recall via phone, any patient with K>5.7 mmol/L
(internal threshold value for urgent recall). The urgency
of the call is stratified by presence or absence of specimen
haemolysis, and the level of serum potassium. These calls
usually take place after office hours. Patients are recalled
for repeat blood sampling at the polyclinics the next
working day if they are asymptomatic, or told to proceed
to hospital emergency departments if they are symptom-
atic or if the potassium value exceeds 6.5 mmol/L.

Data analysis

Deidentified data were analysed using IBM SPSS Statistics
for Windows, V.25.0., IBM. If patient had more than two
potassium >5.5 mmol/L readings within 8 days of index
case, the first would be paired to the second potassium

reading, and the second potassium >5.5 mmol/L would
be a new index case, and paired to the third reading, and
so on. If two potassium readings are done within an hour,
the higher of the two potassium levels were chosen, to
depict the ‘worst case’ scenario. Haemolysed potassium
specimens were analysed separately.

Kidney function was measured using estimated glomer-
ular filtration rate (eGFR), which was calculated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-Epi) formula. Time-lag for specimen processing
was determined by calculating the difference between
the time specimen was processed by central laboratory,
and the time blood was drawn from patients at study sites
(specimen collection time).

Analysis on subjects with non-haemolysed repeat
samples are presented in tables 1 and 2. Descriptive statis-
tics on demographics between two groups (true and false
hyperkalaemia) were presented as frequency and percent-
ages. Differences between true and false hyperkalaemia
were assessed using Chi-square test and Mann-Whitney
U test for categorical and continuous demographic
variables, respectively. Significant factors were included
in the logistic regression to obtain the adjusted OR of
having true hyperkalaemia. Analysis on individual blood
samples (not matched to persons’ visits) were presented
in table 3. Linear regression was done to determine the
effect of (1) time lag between collection and processing
of serum potassium and (2) haemolysis of samples, on
potassium (K) reading. A p value of <0.05 is considered
to be statistically significant.

RESULTS

The prevalence of haemolysis was 5.7% among all cases
with initial potassium >5.5 mmol/L. Out of those who
repeated, 35% (43/123) of the specimens were again
haemolysed. Seventy-three patients not on SPS had
unlysed repeat potassium, out of which 97.2% (71/73)
had potassium <5.5 mmol/L. This indicates that haemo-
lysis is a definite contributor to false hyperkalaemia.
Figure 1 shows that among all the non-haemolysed spec-
imens, 40.3% (1216 cases) did not repeat serum potas-
sium within 8 days. Of those who repeated and were not
prescribed SPS, 86.4% (1362/1575) had false hyperka-
laemia. Only 0.02% of patients had more than one repeat
potassium within 8 days of index case.

In total, 1575 cases of repeat non-haemolysed potas-
sium were done in the space of 2 years, and they were
not prescribed SPS. All these cases were analysed in
tables 1 and 2 for factors associated with true- and false-
hyperkalaemia. Figure 1 shows the flow chart of cases
included in this study.

Patients with unlysed repeat potassium within 8 days
who were not prescribed SPS were univariately analysed
for factors that is associated with true hyperkalaemia.
As shown in table 1, there were a total of 1575 patients,
consisting of slightly more females than males, with a
median age of 67 years and a median BMI of 24.5 kg/m®.
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True hyperkalaemia
Total (K>5.5) Normal (K<=5.5) P-value

Gender 0.536

Age (year), median (IQR) 67 (60-75) 70 (63-77.5) 67 (59-75) <0.001

eGFR (ml/min/m?), median (IQR) 73.3 (48.7-92.5) 54.4 (35-82.1) 75.9 (51.4-94) <0.001

<30 147 (9.3) 38 (25.9) 109 (74.1)
30-59 448 (28.4) 90 (20.1) 358 (79.9)
60-89 530 (33.7) 51 (9.6) 479 (90.4)
>90 450 (28.6) 34 (7.6) 416 (92.4)
Yes 436 (27.7) 70 (16.1) 366 (83.9)
No 1139 (72.3) 143 (12.6) 996 (87.4)
Yes 366 (23.2) 68 (18.6) 298 (81.4)
No 1209 (76.8) 145 (12) 1064 (88)

Yes 31(2) 5 (16.1) 26 (83.9)
No 1544 (98) 208 (13.5) 1336 (86.5)
Yes 22 (1.4) 3(13.6) 19 (86.4)
No 1553 (98.6) 210 (13.5) 1343 (86.5)
Yes 1(0.1) 0 (0) 1 (100)
No 1574 (99.9) 213 (13.5) 1361 (86.5)
Yes 19 (1.2) 4 (21.1) 15 (78.9)
No 1556 (98.8) 209 (13.4) 1347 (86.6)
Yes 5(0.3) 1 (20) 4 (80)

No 1570 (99.7) 212 (13.5) 1358 (86.5)
Yes 14 (0.9) 3 (21.4) 11 (78.6)
No 1561 (99.1) 210 (13.5) 1351 (86.5)

Significant P values of <0.05 are bolded

*True hyperkalaemia refers to all repeat non-haemolysed potassium of >5.5, who are not on SPS.

ACE-i, Angiotensin-Converting Enzyme-inhibitors; ARB, Angiotensin receptor blockers; BMI, body mass index; eGFR, estimated Glomerular
Filtration Rate; NSAIDs, non-steroidal anti-inflammatory drugs; SPS, sodium polystyrene sulfonate.

Patients with older age, lower eGFR or those taking ACE-i ~ 25.9% of patients with stage 4 kidney disease or worse
were significantly correlated with higher percentage (eGFR <80 mL/min/1.78 m*®). There was only one patient
of true hyperkalaemia. 7.6% of patients with either no  on potassium citrate.

kidney disease or stage 1 kidney disease (eGFR =90 mL/ A multivariate logistic regression analysis of factors
min/1.73 m* had true hyperkalaemia, in contrast to  associated with false hyperkalaemia as per table 2, shows

E-
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Table 2 Factors associated with false-hyperkalaemia
(normal potassium) 3 S B
I ISEX=)
OR (95% CI) P value c > o o
S| o ANY,
Age (year), median (IQR) 0.99 (0.98 to 1.01) 0.476 a
Level of eGFR (mL/min/1.73 m?) S| =
<30 1 = L3
30-59 1.44 (0.93 to 2.23) 0.106 9 g@ 35
60-89 3.07 (1.90 to 4.97) <0.001 =S|@o SR
290 3.60 (2.08 to 6.39) <0.001 [} - -
2 ) o
On ACE-i S g g
Yes 0.76 (0.53 to 1.09) 0.141 o v v
No 1 = 53
©
Significant P values of <0.05 are bolded %I
ACE-i, Angiotensin-Converting Enzyme-inhibitors; eGFR, & (52}
estimated glomerular filtration rate. © o) - IS
o ) — &
$l8 838
A~ © Y
that the main factor associated with false-hyperkalaemia =
was an eGFR >60 mL/min/1.73 m? (eGFR 60-89 mL/ s
min/1.73 m* OR 3.07, 95% CI 1.90 to 4.97, p<0.001, ?
eGFR >90 mL/min/1.73 m® OR 3.60, 95% CI 2.03 to _ B
6.39, p<0.001). Age, and being prescribed ACE-i, were R SRS
not significantly associated with false hyperkalaemia. 3; E’ g, % o
All potassium samples processed by the central labora- b R S e
tory from August 2015 to August 2017 were analysed indi- oS N
vidually to assess the impact of lag-time in processing of %
specimen, to the resultant potassium value. This was done §
regardless of patients’ prescribed medications. Based on % o
table 3, those with higher potassium (K=6.0 mmol/L) = = & — B
are significantly more likely to have longer waiting time 3 2 S u <&
between sample collection to processing time, with a E < o N B
mean of 276 min or 4 hours 36 min, compared with those 2 i" B NI
with lower potassium (K<5.0 mmo/L) with a mean of 226 % 6| 2 2
min or 3 hours 46 min. (_c;. =
The effect of thrombocytosis and leucocytosis on hyper- 3l = &
kalaemia was analysed. Out of all the FBC’s done within _g % E
6 months of before and after index case, there were only E E & 5 8
10 patients who had white cell count (WCC)>20x10° K] % 9 9 2\: =
cells/L or platelet counts >500x10° cells/L. Haemoglobin -g @ - g N Z
was in the mild anaemia to mild polycythaemia range, 85| ¢|R 8 ° ¥
with haemoglobin ranging between 7.9x10%cells/L and © - VIS o _
15.8x10° cells/L. All these patients had non-haemolysed g :
potassium ranging between 5.1 and 5.9 mmol/L. The Z 2 °
degree of hyperkalaemia did not correlate with the = _ & <+ B
severity of thrombocytosis or leucocytosis. None of the = 3 ~ O 3
. . ie] s o AN AN ]
non-haemolysed index potassium exceeded 6.0 mmol/L, 9 = e ]
even when the platelet was 1159x10° cells/L or when the 2 s S =1 3 & 3
WCC was 170x10” cells/L. These were the highest value 08, 28 & ?
of WCC and platelet among these 10 patients. o = p
The analytical imprecision in the laboratory where g © e -% > %
potassium samples are processed, stand in the range of & a ., o s o
up to 5%. This means for a potassium of 26.0mmol/L, = % 3 5 8 epQ |t
analytical imprecision would be up to +0.3mmol/L. Only ‘: § {’;’ E o @ g 2 g % = :é
2.8% of individual potassium specimens collected over % % 3 e =2 > %g g—g 3|5
duration of the study had a value of 26.0mmol/L. For = = o c Jo2EE|D
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K>5.5 at 1st
visit n=3197

Dropout- Did
not repeat,
n=1216

Repeat within 8
days n=1798

Not Hemolysed
n—1781

Hemolysed,
n=17

On resonium,
n=206

K*-’-SS n 6

K<5.5,
n=106

K>5 5, n-

K>5.5,
n=100

Figure 1 Flow chart of cases included in the study.

completeness of analysis, there were a total of 62 cases
where the repeat potassium showed a difference of +0.1
mmol/L from the first potassium reading, and 118 cases
for a difference of up to +0.2 mmol/L. Less than half of
these contribute to incidences of false hyperkalaemia
by this paper’s definition (41.5% for+0.2 mmol/L, and
27.4% for+0.1 mmol/L). The distribution of difference
between first and second potassium readings are as

Not on resonium,
n=1575

K=5.5,
n=1362

Hemolysed,
n= 183

Dropout - Did
not repeat,
n=60

Repeat within 8
days, n=123
|

| |
Not hemolysed,

Hemolysed,
n= 0 n=43
On resonium, Not on resonium,
n=7 n=73 K455 n=40
i: K<5.5, n=6 |<~<5 5,n=71 K>5.5, n=3
shown in figure 2, with the majority of repeat potassium

exceeding the range of +0.2 mmol/L.

DISCUSSION

The prevalence of false hyperkalaemia in ambulatory
clinics in Singapore is high at 86.4%. Only 13.6% of these
patients have a warranted recall to repeat potassium.

Count

NN
h

' 0 "

| ™~
e

BP0 e
momom
e

o
L

- e s e e
b oo oo

06
-0.4
-0.1

A
<

-09
-0.7

-
-
v

Difference in potassium level between 1st and repeat visit

Figure 2 Distribution of difference in potassium level in mmol/L, between first and repeat visit, where n=1575.
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Although ACE-, ARB, potassium-sparing diuretics and
potassium replacements are known to cause hyperka-
laemia, they were not a statistically significant factor for
causing false or true hyperkalaemia. This could be possibly
due to the time-lag to specimen processing being a more
significant factor than medication ingestion. Another
reason could be that prescribed dates, but not duration
of treatment, were extracted during data mining. It is,
therefore, difficult to determine with absolute certainty
that patients were still taking the medications associated
with hyperkalaemia when blood was drawn. It is also diffi-
cult to determine if these medications were stopped or
reduced on patient receiving news of his or her hyper-
kalaemia, hence affecting repeat potassium levels. It is
also possible that patients on ACE-i, ARB and potassium-
sparing diuretics may have been counselled by healthcare
providers to reduce the intake of high-potassium foods,
especially if they have chronic kidney disease or have
had previous episodes of hyperkalaemia. For patients on
oral potassium chloride, patients are usually given potas-
sium replacements because of preceding hypokalaemia.
Hence, if these patients were adequately treated, they
would not have overtreatment leading to hyperkalaemia.
Additionally, centrifugation of serum potassium is done
only for repeat standalone potassium samples. Centrif-
ugation is not routinely done for the initial potassium
samples that were collected as part of a hypertension,
diabetes or renal panel.

A prospective study in an emergency department in
New York showed that in the setting of haemolysis, eGFR
>60 mL/min/1.73 m? in conjunction with a normal ECG
is a reliable predictor of false hyperkalaemia, and may
eliminate the need for repeat testing.'® Based on the
results of this study, these factors hold true, and can be
brought a step further. As >90% of patients with eGFR
>60 mL/min/1.73 m? and 97.2% of patients with haemo-
lysed potassium have false hyperkalaemia, in the presence
of both haemolysis and CKD stage 2 or better, patients
may omit repeat testing as long as they are asymptomatic.

An unpublished local institutional guide to managing
hyperkalaemia is such that if patients have K>6.5
mmol/L, regardless of sample haemolysis, they are called
to present to the emergency department nearest to their
home immediately for repeat testing. However, with this
study results, the management guideline for hyperka-
laemia can be improved. Whenever a patient with eGFR
>60 mL/min/1.73 m?* is reported to have unlysed potas-
sium >5.5 mmol/L, the doctors can safely inform asymp-
tomatic patients to repeat their potassium in the primary
care setting within 1 week. Patients with CKD stage 3A or
worse, however, should still have their repeat potassium
done more urgently, be it in the emergency department
if symptomatic, or within 1-2 days in the primary care
setting if asymptomatic, as their chance of having true
hyperkalaemia is increased.

Increased time-lag between specimen collection and
processing is significantly associated with higher potas-
sium levels. A delay of only 50 min seem to swing a patient

from a normal potassium value, to an emergency potas-
sium value necessitating an emergency department atten-
dance, thus increasing cost to the system. This finding
is similar to a prospective trial done in a public tertiary
care hospital in India, where mean potassium samples
processed immediately at draw was 0.2 mmol/L lower
than the very same potassium sample processed 3 hours
after draw.® That study suggested that potassium spec-
imens should be centrifuged and processed in analyser
within 1 hour. However, the electrolyte analyser and
method used in that study differed from the analyser
used in the polyclinic’s central lab. The temperature in
which the potassium specimens were kept also differed
from the local setting. In order to mitigate the time-lag
factor, more frequent courier services between poly-
clinics and central lab could be implemented, such that
time-lag is kept to less than 3 hours. It is difficult to deter-
mine the optimal time lag between specimen collection
to processing before the chance of false hyperkalaemia
greatly increases in the local setting, as current specimens
all have a processing time above 3 hours.

BMI does not correlate with false or true hyperkalaemia,
which is in contrast to a retrospective case—control Japa-
nese study which concluded that patients on ACE- or
ARB with a lower BMI are more prone to hyperkalaemia
with K>5.5 mmol/L.10 Patients on ACE-i are more likely
to have true hyperkalaemia compared with those on ARB.
Patients on neither ACE-i or ARB are more likely to have
false hyperkalaemia.

Although spironolactone is a potassium-sparing diuretic,
it is not significantly associated with true hyperkalaemia,
in contrast to a study in Stockholm which showed that
18.5% of patients initiated on spironolactone developed
an episode of K>5.0 mmol/L within 3 months of initia-
tion.'” This could be because locally, patients on spirono-
lactone may have been educated for low potassium diet,
as it is usually given as a fifth line antihypertensive, after
ACE-i or ARB has been prescribed. The absolute number
of patients on spironolactone in this study is also small.

Impact of false hyperkalaemia

The majority of polyclinic attendees are Singapore Citi-
zens or Permanent Residents and enjoy government
subsidies in their care. However, these subsidies do
not occur in the emergency department setting unless
patients were admitted inpatient thereafter. A typical
polyclinic consult will cost a patient SGD 13.50, whereas
a visit to any emergency department will cost the patient
upwards of SGD 115. There are hidden costs incurred
by concerned family members taking urgent leave to
accompany patients to repeat potassium, and additional
transport costs as well for the less mobile. An example
of projected costs to a patient recalled for hyperkalaemia
is appended in online supplementary annex A. Intan-
gible costs to institution include time spent by nurses and
doctors in recalling patients, who sometimes do not pick
up their phone, necessitating repeat calls. Less educated
and elderly patients may not understand instructions over
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the phone. Short messaging service (SMS) and recall slips
are sent to non-contactable patients with hyperkalaemia,
increasing costs. Patients often worry and are anxious
about their results.

Limitations of the study

Since this was a retrospective study, there were no data
on food or supplements ingested by patients during the
episodes of hyperkalaemia. Case notes were not reviewed
for dietary assessment. Information on preanalytical
variables, such as fist clenching, hyperventilation, EDTA
contamination and postsplenectomy status, all of which
increases the chance of false hyperkalaemia independent
of time,4 was not available. It is also not known if patients
consulted physicians or nurses for low potassium diet
counselling, prior to repeating their serum potassium.

Some polyclinic patients were recalled to attend the
nearest emergency departments, where immediate
potassium results are available. However, potassium tests
done in these emergency departments were unable to be
captured in this study. The drop-out rate of 40.3% and
32.7% among the non-haemolysed and haemolysed arms,
respectively, may have revealed other significant factors
associated with true- and false-hyperkalaemia.

There is no international consensus as to what consti-
tutes false hyperkalaemia.18 The definition of true hyper-
kalaemia as initial serum potassium of >5.5 mmol/L and
a repeat potassium within 8 days of >5.5 mmol/L was
used to aid clinical interpretation and relevant actions in
managing these patients according to their risk profile.
While there is a certain degree of measurement uncer-
tainty to each serum potassium processed, this error will
be present in all samples, and clinicians will still need to
trust each potassium result published as-is, and manage
patients based on guidelines.

CONCLUSIONS

In summary, the prevalence of unlysed false hyper-
kalaemia was 86.4% among ambulatory primary care
patients in multiethnic Singapore. The main modifi-
able variable was a processing time delay of more than
50 min. The availability of in-house potassium analysers
will reduce lag time and reduce the prevalence of false
hyperkalaemia. The alternative of more frequent courier
service such that all specimens can be processed within
3 hours of collection, should be considered. The results
of this study can be generalised to most primary care
practitioners in the private and public sectors all over the
world, where the access to in-house potassium analysers
are mostly limited, and potassium specimens mostly sit in
the clinic for a few hours before they are despatched to a
processing laboratory for analysis.

An eGFR 60 mL/min/1.73 m? significantly reduces the
probability of true hyperkalaemia by more than three
times that of a patient with eGFR <30 mL/min/1.73 m?.
This is similar to a Japanese study that showed that CKD
stage 3A and worse is correlated with higher chances of

hyperkalaemia.'” Almost all patients with haemolysed
potassium would have normal potassium. Only 2.8% of
cases with haemolysed potassium has true hyperkalaemia.
This should guide recall workflows such that patients with
CKD stages 1 and 2 and patients with haemolysed potas-
sium repeat potassium tests in the polyclinic rather than
in the emergency department for cost-effectiveness. It is
also warranted to repeat potassium test within 1-2 days
if patient had a baseline of CKD stage 3A or worse, or
if the creatinine rose concurrently with the rise in potas-
sium.?” In addition, risk calculators can be developed,
to help clinicians decide on the need and urgency with
which to repeat potassium. These can be further vali-
dated with future studies. Symptomatic patients regard-
less of severity of hyperkalaemia should still be advised
to go to the emergency departments, for safety reasons.
SPS should be given judiciously, and held back especially
if the patient has a normal paired creatinine and FBC,
and is not taking either ACE-i or ARB. It is important to
screen the FBC for patients who have persistent hyper-
kalaemia despite normal creatinine, to exclude haemato-
logical malignancy.8

Areas for future research

A follow-up prospective case—control study can be done,
with patients being their own control, where simultaneous
serum potassium drawn is sent to both an in-house labo-
ratory and an outhouse laboratory for processing. This
way, the preanalytical factors for false hyperkalaemia can
be balanced between both arms. Having a direct means
of comparing the potassium values between an in-house
laboratory and an outhouse laboratory will help deter-
mine the potential cost savings of having an in-house
laboratory versus increasing the frequency of courier
services to a central laboratory. An interinstitutional
collaboration is needed to determine the true socioeco-
nomic burden of false hyperkalaemia. As Singapore is
building a few new polyclinics over the next few years, and
with an ageing population where consumption and usage
of laboratory services will increase, if the in-house lab is
found to reduce the rate of false-hyperkalaemia, then all
polyclinics should be planned with the intent and space
for housing an in-house potassium analyser.
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