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ABSTRACT

Background. Hyperkalemia is a potentially life-threatening electrolyte abnormality that often requires urgent treatment.
Clinicians should distinguish true hyperkalemia from pseudohyperkalemia and reverse pseudohyperkalemia (RPK). RPK
has exclusively been described in case reports of patients with hematologic malignancies (HMs) and extreme leukocytosis
[white blood cell (WBC) count>200�103/mL].

Methods. This single-center retrospective study analyzed laboratory data from the Mount Sinai Data Warehouse between 1
January 2010 and 31 December 2016 for plasma potassium and serum potassium samples drawn within 1 h of each other,
with plasma potassium �1 mEq/L of the serum potassium. Only plasma potassium �5 mEq/L were included. Samples that
were documented to be hemolyzed or contaminated were excluded. Clinical history and laboratory data were collected
from the identified cases.

Results. After applying the inclusion/exclusion criteria to 485 potential cases, the final cohort included 45 cases from 41
patients. There were 24 men and 17 women with a mean age of 52 years. The median plasma potassium was 6.1 mEq/L and
serum potassium was 4.4 mEq/L. The median WBC count was 9.35�103/mL (interquartile range 6.5–19.7�103/mL). Only
44% of the samples had leukocytosis, defined as WBC>11�103/mL.

Seven patients had a HM and comprised 11 of the cases
(24%) with a median WBC of 181.8 �103mL. There was no difference in their plasma and serum potassium levels when
compared with the total cohort, despite a higher median WBC count. Thirty-eight percent of the cases required medical
management.

Conclusions. The literature on RPK is limited to case reports and series associated with extreme leukocytosis. This is the first
study characterizing RPK predominantly associated with normal leukocyte counts. Further investigation is required to more
precisely characterize factors associated with RPK and to elucidate RPK mechanisms.
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INTRODUCTION

Hyperkalemia is a potentially life-threatening electrolyte disor-
der frequently encountered in both inpatient and outpatient
settings. Hyperkalemia is associated with increased morbidity
and mortality [1–5] and places a substantial clinical and eco-
nomic burden to the healthcare system [6, 7]. Diagnosis and
management of hyperkalemia rely on serial potassium meas-
urements. Accordingly, hyperkalemia frequently prompts addi-
tional clinical decision-making.

Potassium is highly restricted to the intracellular component
and is the most abundant intracellular ion [8]. Cell lysis in vivo,
as occurs with hemolysis, rhabdomyolysis and tumor lysis syn-
drome, can release intracellular potassium and raise the extra-
cellular concentration. Cell lysis in vitro can also raise the
measured potassium level, as can occur in the test tube after
blood collection in the setting of leukocytosis or thrombocytosis
and with fist clenching, tight tourniquets and traumatic phle-
botomy [9, 10].

Hyperkalemia adversely affects cardiac electrical conduc-
tance and can cause arrhythmias. Evaluation of the cardiac
effects of elevated serum potassium measurements should be
confirmed with an electrocardiogram (ECG). If ECG changes are
consistent with hyperkalemia, then treatment to lower serum
potassium and stabilize the myocardium should commence. If
there are no ECG changes, then a plasma potassium level
should be measured from a tube containing sodium or lithium
heparin to avoid potassium release during platelet in vitro aggre-
gation, to confirm the presence of true hyperkalemia prior to
treatment. If the plasma potassium is not elevated, then pseu-
dohyperkalemia is diagnosed and treatment is not indicated.
Pseudohyperkalemia commonly occurs with in vitro hemolysis.
However, a less well-described phenomenon, reverse pseudo-
hyperkalemia, can occur when the plasma potassium is higher
than the serum value [11] (Table 1). This lab discrepancy can in-
troduce confusion in the interpretation of results. Reverse pseu-
dohyperkalemia has been described in several case reports and
case series among patients with hematologic malignancies
(HMs), predominantly chronic lymphocytic leukemia (CLL) [11–
22]. The mechanism for the elevated potassium concentration
in plasma has been attributed to in vitro leukocyte lysis.

The urgency and selection of therapy for hyperkalemia
should vary according to the severity and ECG changes. In the
acute setting, there are multiple interventions to lower the po-
tassium level: insulin, beta-agonists, sodium bicarbonate, loop
diuretics, sodium polystyrene sulfonate (SPS), sodium zirco-
nium cyclosilicate and dialysis. Treatment decisions based on
erroneous results may place patients at risk of receiving treat-
ment that could lead to true hypokalemia or other adverse
effects. In fact, a retrospective single-center study of patients
who received SPS found that it was administered without a
clear indication, with absolute contraindications or with drug
contraindications, and no alternative modalities to treat hyper-
kalemia in 71% of the patients [23]. Potential adverse effects of

the administration of SPS [24] include constipation, diarrhea, fe-
cal impaction and rarely intestinal necrosis.

We conducted this single-center study to determine the
characteristics, clinical features and treatment interventions for
patients with reverse pseudohyperkalemia.

MATERIALS AND METHODS
Data collection

A retrospective analysis was performed using laboratory data
from 1 January 2010 to 31 December 2016 using the Mount Sinai
Data Warehouse [25], a clinical laboratory database of inpatient,
outpatient and emergency department data for a large aca-
demic tertiary care hospital. This study was approved by the
Icahn School of Medicine at Mount Sinai Institutional Review
Board (IRB-17-02704).

The initial cohort included cases that met the following two
criteria: serum potassium and plasma potassium samples
drawn on the same day from the same patient and plasma po-
tassium greater than serum potassium. Reverse pseudohyper-
kalemia was then defined as serum and plasma potassium
samples collected within 1 h of each other where the plasma po-
tassium was �5 mEq/L and the plasma potassium was �1 mEq/
L of serum potassium.

Laboratory testing

Approximately 75–80% of the laboratory samples reach our cen-
tral laboratory via the pneumatic tube system from both the in-
patient and the outpatient settings as per routine clinical
practice. Serum and plasma potassium concentrations were
measured using the Architect c16000 for routine labs and the
ABL800 FLEX for the stat labs (Abbott Laboratories, Abbott Park,
IL, USA). Serum potassium was analyzed from blood collected in
a serum separator tube spun automatically for 10 min at
3000 rpm. Plasma potassium was analyzed from blood collected
in a tube containing the anticoagulant lithium heparin spun
manually for 5 min at 3500 rpm.

Specimens that were documented in the laboratory report to
be hemolyzed or contaminated were excluded. Serum creati-
nine values were obtained from the same chemistry panel that
reported the serum potassium. White blood cell (WBC) and
platelet counts were determined from a complete blood count
within 24 h before or after the identified reverse pseudohyper-
kalemia event. The clinical history and treatment of the
patients with identified reverse pseudohyperkalemia were
obtained by manual chart review of the electronic medical
records.

Acute kidney injury (AKI) and chronic kidney disease (CKD)
were defined according to the Kidney Disease: Improving Global
Outcomes and Kidney Disease Outcomes Quality Initiative crite-
ria [26, 27].

Electrocardiogram (EKG) interpretation

EKGs performed within 24 h of the reverse pseudohyperkalemia
were manually reviewed and compared with a prior EKG not as-
sociated with reverse pseudohyperkalemia.

Table 1. Definitions of hyperkalemia [14]

Condition Serum potassium Plasma potassium

Hyperkalemia High High
Pseudohyperkalemia Falsely high Normal
Reverse pseudohyperkalemia Normal Falsely high
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Determination of treatment intervention

Medication administration was evaluated at the time of reverse
pseudohyperkalemia and medications dispensed for the treat-
ment of hyperkalemia within 4 h were identified. Treatments
included insulin and dextrose, albuterol, sodium bicarbonate,
furosemide, SPS and/or hemodialysis.

Data analysis

Basic statistical analysis to calculate the mean, median and
interquartile range (IQR) was performed using Excel version
16.17 (Microsoft, Redmond, WA, USA).

Ethics approval and consent to participate

This study was approved by the Icahn School of Medicine at
Mount Sinai Institutional Review Board (IRB-17-02704). Consent
was not required or obtained for this study, as the data obtained
were retrospective, some of the patients in the study had al-
ready expired at the time of the study and the study analyzed
data of inpatients, many of whom were from out of state with
outdated patient contact information.

Availability of data and materials

The data sets generated during and/or analyzed during the cur-
rent study are available from the corresponding author upon
reasonable request.

RESULTS

A total of 485 cases within the hospital system met the initial
criteria; 435 cases were then eliminated due to hemolysis or
contamination, serum and plasma potassium that were drawn

>1 h apart or the difference between the plasma and serum po-
tassium levels was <1 mEq/L (Figure 1). The final cohort in-
cluded 45 cases from 41 patients. The study cohort was
comprised of 59% males and 41% females. Patients ranged in
age from 0 to 94 years (mean age 52 years) and, notably, seven
patients were <1 year of age (Table 2). The study cohort was 41%
White, 34% Black or African American and 24% were of other

All cases from January 1, 2010 to
December 31, 2016 where:
1. Plasma K and Serum K samples drawn
    on the same day from the same patient
2. Plasma K > Serum K

485 cases

45 cases

435 cases met the following
exclusion criteria:
1. Hemolysis/contamination
2. Plasma K and Serum K drawn
    > 1 hour apart
3. Plasma K < 5 mEq/L
4. (Plasma K – Serum K) < 1 mEq/L

FIGURE 1: Flow chart of retrospective cohort sample selection criteria.

Table 2. Patient characteristics

Characteristics and Values Gender, n (%)

Male 24 (59)
Female 17 (41)

Race, n (%)
Black/African American 14 (34)
White 17 (41)
Other/unknown 10 (24)

Age (years)a, mean 6 SD (range) 54 6 15.5 (1–94)
No AKI/CKD, n (%) 26 (58)
AKI, n (%) 5 (11)
CKD stage, n (%)

3A/3B 5 (11)
4 4 (9)
5/ESRD 5 (11)

Laboratory test, median (IQR)
Plasma K (mEq/L) 6.1 (5.5–6.6)
Serum K (mEq/L) 4.4 (4.0–5.2)
Plasma K�serum K (mEq/L) 1.4 (1.1–2.0)
WBC count (�103/mL) 9.4 (6.5–19.7)
Platelets (�103/mL) 227 (128–302)
Creatinine (mg/dL) 1.0 (0.7–2.8)

aPatients age �12 months were entered as age 1 year.
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races. Thirty-eight cases were from the emergency department
or inpatient setting, while seven of the cases were from the out-
patient clinic.

Analysis of the laboratory data revealed a median plasma
potassium of 6.1 mEq/L and serum potassium of 4.4 mEq/L with
a median difference of 1.4 mEq/L between the two values. WBC
counts were variable with a median value of 9.4� 103/mL (IQR
6.5–19.7� 103). Of the 36 available CBC samples, only 44% of
WBC counts met the laboratory’s definition of the upper limit of
normal (WBC>11.0� 103/mL). No clear correlation was found be-
tween either the serum or the plasma potassium level and the
corresponding WBC count (Figure 2). The median platelet count
was 227� 103/mL (IQR 128–302� 103).

Seven patients carried an established diagnosis of an HM,
accounting for 24% of the cases (11/45). Diagnoses included two
cases of multiple myeloma and one case each of Hodgkin’s lym-
phoma, chronic myelomonocytic leukemia, acute myelogenous
leukemia, cutaneous T-cell lymphoma (Sézary syndrome) and
monoclonal gammopathy of undetermined significance.
Despite substantially higher WBC counts (median of 181.8 ver-
sus 9.4 versus 8.5� 103/mL) in patients with HMs compared with
the total cohort and the remainder of the cohort, the median
plasma potassium was 6.0 mEq/L and serum potassium was
4.5 mEq/L (Table 3). These values are similar to those of the total
cohort and remainder of the cohort. The median platelet count

for the total cohort was within the normal range at 227� 103/mL.
There were no cases of thrombocythemia or platelet count
>1000� 103/mL.

Five patients had AKI (11%) while 36 patients did not.
Fourteen patients had a diagnosis of CKD, of which five patients
had Stage 3, four patients had Stage 4 and five patients had
Stage 5 or end-stage renal disease (ESRD). Overall, the median
serum creatinine was 1.0 mg/dL (IQR 0.7–2.8).
Electrocardiography was performed in 22 of the 45 cases (49%)
and 1 case was associated with peaked T waves. The remaining
EKGs were either normal or unchanged from prior EKGs.

Potassium-lowering interventions were undertaken in 17 of
the 45 cases (38%)—none of which were done between the
drawing of plasma and the serum samples. These interventions
included SPS in nine cases (20%), insulin in nine cases (20%), fu-
rosemide in seven cases (16%), sodium bicarbonate in five cases
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FIGURE 2: Serum and plasma potassium levels and the corresponding WBC counts in the study population.

Table 3. Comparison of the laboratory values of patients with an HM
and those without an HM

Variable HM NHM

Cases, n 11 34
Laboratory test, median (IQR)
Plasma K (mEq/L) 6.0 (5.3–6.7) 6.1 (5.5–6.7)
Serum K (mEq/L) 4.5 (4.0–5.1) 4.4 (4.0–5.2)
Plasma K � Serum K 1.4 (1.2–2.1) 1.5 (1.1–2.0)
WBC count (�103/mL) 181.8 (8.1–250.1) 8.5 (5.9–11.9)
Platelets (�103/mL) 101 (65–271) 253 (163–304)
Creatinine (mg/dL) 2.1 (0.9–5.1) 1.0 (0.5–2.8)

Conversion factors for units: serum creatinine in mg/dL to mmol/L, �88.4. NHM:

non-hematologic malignancy.
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(11%) and hemodialysis in three cases (7%). The three cases that
received urgent hemodialysis occurred in patients who had
CKD Stage 5 or ESRD. The mean plasma potassium level for
patients who received treatment was 7.2 mEq/L, compared with
5.8 mEq/L in the remaining 28 cases. Notably, six patients (15%)
died during the same hospitalization in which the reverse pseu-
dohyperkalemia occurred. Of these patients, four received
potassium-lowering therapy and four had an HM.

DISCUSSION

This is the first retrospective cohort study to examine the clini-
cal characteristics and treatment interventions of reverse pseu-
dohyperkalemia. In this medical institution, both serum and
plasma potassium levels are commonly obtained simulta-
neously in patients with or at risk for hyperkalemia.

Although pseudohyperkalemia and reverse pseudohyperka-
lemia can occur with measured values remaining within the
reference range, we identified clinically relevant reverse pseu-
dohyperkalemia where the potassium value was above the nor-
mal reference range. We excluded results that were within the
normal range, as these values would be unlikely to prompt
treatment or additional clinical decision-making.

We identified 45 cases of reverse pseudohyperkalemia over
6 years. Case reports and case series of reverse pseudohyperka-
lemia have all described patients with severe leukocytosis from
an HM. Although neoplastic leukocytes are likely fragile and
prone to in vitro lysis, increasing the chance of reverse pseudo-
hyperkalemia, 44% of our cases had normal WBC counts.
Although published case reports and case series describe re-
verse pseudohyperkalemia in the setting of severe leukocytosis
associated with an HM, we demonstrated that reverse pseudo-
hyperkalemia occurs in the absence of leukocytosis. A total of
five cases (only 2 of the 41 patients) in this sample had a
WBC>200� 103/mL. Furthermore, �17% of our cohort carried an
established diagnosis of a hematological disorder and less than
half of the samples collected (44%) met the laboratory definition

of leukocytosis (WBC>11.0� 103/mL). Interestingly, median
plasma and serum potassium levels were similar between
patients with and without a known HM (6.0 versus 6.1 mEq/L
and 4.5 versus 4.4 mEq/L, respectively), despite a clear difference
in median WBC counts (181.8 versus 8.5� 103/mL).

The literature regarding reverse pseudohyperkalemia is lim-
ited to 13 case reports and case series [11–22, 28] of patients
with HMs, predominantly CLL. Among the reported cases, WBC
counts have ranged between 206 and 545� 103/mL with a median
of 332� 103/mL (Table 4). This is >35-fold of the median WBC of
our total cohort (9.4� 103/mL). Furthermore, the median differ-
ence between the plasma potassium and serum potassium val-
ues in the case reports was 3.5 mEq/L. This was almost double
the values for both patients with and without an HM in our co-
hort, at 1.4 and 1.5 mEq/L, respectively (Figure 3). While these
differences between potassium values may demonstrate the
role of extreme leukocytosis in reverse pseudohyperkalemia, it
still does not explain the consistency that we see in our cohort
where those with and without an HM had median differences
between their plasma and serum potassium values of 1.4 and
1.5 mEq/L, respectively.

While the underlying mechanism for the development of re-
verse pseudohyperkalemia remains unknown, possible mecha-
nisms involve collection tube heparin-induced WBC membrane
damage and cell lysis [17], leukocyte-induced consumption of
metabolic fuels with resultant inhibition of the sodium pump
(Naþ/Kþ-ATPase) and subsequent potassium release [15],
lithium-induced Naþ/Kþ-ATPase dysfunction and pneumatic
transport causing mechanical disruption of the WBC membrane
and/or activation of mechanoactivated cell membrane potas-
sium channels [19, 28]. Two case reports provide insights into
potential mechanisms. First, a case report by Meng and Krahn
[17] demonstrated that increasing heparin concentrations in the
collection tubes was associated with increasing potassium and
lactate dehydrogenase levels, implying increased WBC lysis, as
no hemolysis was observed. A case report by Huang et al. [19] of
a patient with a WBC of 300� 103/mL showed that pneumatic

Table 4. Review of the published case reports/reviews on RPK and the patients’ characteristics

Age Plasma K Serum K Plasma WBC Creatinine
Case report (years) Diagnosis (mEq/L) (mEq/L) Serum K (�103/mL) (mg/dL)

Theparee et al.[12] 66 Mantle cell lymphoma 6.3 3.1 3.2 207 5.5
Mansoor et al. [13] 49 CLL 9.5 3.7 5.8 545 1.5
Avelar [14] 78 CLL 7.9 4.4 3.5 206 1.4
George et al. [20] 64 CLL 10.7 3.6 7.1 367 1.2
Garwicz and Karlman [15] 76 CLL 7.3 4.8 2.5 421 Normal
Garwicz et al. [16] 2 ALL 11.6 3.7 7.9 391 N/A
Meng and Krahn [17] 86 CLL 7.5 2.8 4.7 374 1.0
Lee et al. [21] 76 CLL 5.6 3.1 2.5 268 N/A

64 CLL 6.2 4.8 1.4 371
93 CLL 7.8 1.9 5.9 235
74 CLL 6.9 3.6 3.3 218

Abraham et al. [18] 49 CLL 10.7 2.7 8.0 364 N/A
Kellerman and Thornbery [28] 77 NHL 10.5 3.2 7.3 290 N/A
Singh et al. [11] 70 CLL 7.0 3.6 3.4 524 1.4–1.7a

Huang et al. [19] 83 CLL 8.2 6.1 2.1 300 N/A
Kattamanchi et al. [22] 57 Mycosis fungoides/Sézary syndrome 6.7 4.5 2.2 246 6.5
Median (IQR) 72 (59–78) 7.7 (6.8–10.3) 3.6 (3.1–4.5) 3.5 (2.5–6.8) 332 (238–387)

ALL: acute lymphoblastic leukemia; NHL: non-Hodgkin lymphoma.
aIn the setting of AKI.
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tube delivery compared with hand delivery was associated with
artifactually increased plasma potassium levels.

In our study, extreme leukocytosis was observed in only 5 of
the 45 cases. Furthermore, given that 75–80% of the laboratory
samples in this institution are delivered via the pneumatic tube
system, this could have played an additional contributory role
that cannot be precisely quantified with the available data.
Although extreme leukocytosis is associated with both pseudo-
hyperkalemia and reverse pseudohyperkalemia, thrombo-
cytosis has only been associated with pseudohyperkalemia
in the literature [29, 30]. This analysis did not demonstrate any
cases of reverse pseudohyperkalemia associated with
thrombocytosis.

Potassium-lowering interventions were undertaken in 17 of
the 45 cases (38%). The most commonly used medications were
SPS and insulin and dextrose, at nine cases each. These were
followed by furosemide (seven cases), sodium bicarbonate (five
cases) and hemodialysis (three cases). Neither sodium zirco-
nium cyclosilicate nor patiromer were used in this patient pop-
ulation, since the former was not approved by the US Food and
Drug Administration (FDA) during the study period and latter
was approved by the FDA for the treatment of chronic hyperka-
lemia on 21 October 2015. Of the six patients who died during
the same hospitalization as the reverse pseudohyperkalemia
event, four patients received potassium-lowering therapy. The
deaths occurred days after the reverse pseudohyperkalemia
occurred.

Our study has several limitations that include single-center
experience and an inability to distinguish pneumatic tube
transport from manual transport for the individual cases. In ad-
dition, the method of phlebotomy, tourniquet use, duration of
specimen transport before analysis and other potentially rele-
vant factors are not available. We were unable to determine if
specimens were obtained using an intravenous catheter com-
pared with venipuncture, the former of which is associated
with higher rates of hemolysis [31–33]. Moreover, more frequent
routine simultaneous measurement of serum and plasma
potassium in patients at risk will increase the frequency of as-
sessment of both pseudohyperkalemia and reverse pseudohy-
perkalemia. The authors also did not look at the differences
between plasma potassium and serum potassium samples
drawn within 1 h of each other for patients who did not meet
the inclusion criteria. Lastly, the aim was case finding within an
overall denominator of laboratory data during the study period
of >1 billion samples. However, we are unable to calculate a
relevant denominator precisely, such as the cohort at risk for
hyperkalemia. Thus the incidence of reverse
pseudohyperkalemia in this study population cannot be deter-
mined with the available data.

While this study and literature review does not establish a
causality for the cases of reverse pseudohyperkalemia, it is
hypothesis-generating, as it demonstrates that reverse pseudo-
hyperkalemia occurs in the absence of leukocytosis, in contrast
to previously described cases. Lastly, mechanisms postulated
for mechanical, chemical or metabolic WBC lysis require addi-
tional study. Of course, the mechanisms for reverse pseudohy-
perkalemia with a normal leukocyte count may be independent
of WBC lysis.

In conclusion, hitherto the literature for reverse pseudohy-
perkalemia was limited to case reports associated with extreme
leukocytosis. This is the first retrospective study to show re-
verse pseudohyperkalemia occurs frequently in the absence of
leukocytosis. Recognition of this disorder may decrease poten-
tial harms associated with inappropriate treatment of both

reverse pseudohyperkalemia and pseudohyperkalemia. Further
investigation is required to more precisely characterize factors
associated with reverse pseudohyperkalemia and to elucidate
the pathophysiologic mechanisms underlying cell lysis.

ACKNOWLEDGEMENTS

We would like to acknowledge the Mount Sinai Data
Warehouse for providing us with the clinical data.

FUNDING

This study did not require any funding. The study was sup-
ported by the Icahn School of Medicine at Mount Sinai. J.L.R.
is supported by the National Institutes of Health under grant
T32DK007757.

AUTHORS’ CONTRIBUTIONS

J.L.R., S.K. and J.A.V. were resposnible for the research idea
and study design. S.K. was responsible for data acquisition.
O.E.S., J.L.R., S.K. and J.A.V. were responsible for data analy-
sis/interpretation. O.E.S. and J.A.V. were responsible for sta-
tistical analysis. J.U. and J.A.V. were responsible for
supervision or mentorship. Each author contributed impor-
tant intellectual content during manuscript drafting or revi-
sion, accepts personal accountability for the author’s own
contributions and agrees to ensure that questions pertain-
ing to the accuracy or integrity of any portion of the work
are appropriately investigated and resolved.

CONFLICT OF INTEREST STATEMENT

J.A.V. reports consulting fees for Janssen for type 2 diabetes
and CKD epidemiology and Renalytix AI for CKD biomarker
implementation.

REFERENCES
1. Hughes-Austin JM, Rifkin DE, Beben T et al. The relation of

serum potassium concentration with cardiovascular events
and mortality in community-living individuals. Clin J Am Soc

Nephrol 2017; 12: 245–252
2. Chen Y, Chang AR, McAdams DeMarco MA et al. Serum po-

tassium, mortality, and kidney outcomes in the atheroscle-
rosis risk in communities study. Mayo Clin Proc 2016; 91:
1403–1412

3. Collins AJ, Pitt B, Reaven N et al. Association of serum potas-
sium with all-cause mortality in patients with and without
heart failure, chronic kidney disease, and/or diabetes. Am J

Nephrol 2017; 46: 213–221
4. Kashihara N, Kohsaka S, Kanda E et al. Hyperkalemia in real-

world patients under continuous medical care in Japan.
Kidney Int Rep 2019; 4: 1248–1260

5. Montford JR, Linas S. How dangerous is hyperkalemia? J Am

Soc Nephrol 2017; 28: 3155–3165
6. Fitch K, Woolley JM, Engel T et al. The clinical and economic

burden of hyperkalemia on medicare and commercial
payers. Am Health Drug Benefits 2017; 10: 202–210

7. Betts KA, Woolley JM, Mu F et al. The cost of hyperkalemia in
the United States. Kidney Int Rep 2018; 3: 385–393

1448 | O. El Shamy et al.



8. McDonough AA, Youn JH. Potassium homeostasis: the
knowns, the unknowns, and the health benefits. Physiology
(Bethesda) 2017; 32: 100–111

9. Don BR, Sebastian A, Cheitlin M et al. Pseudohyperkalemia
caused by fist clenching during phlebotomy. N Engl J Med
1990; 322: 1290–1292

10. Saleem S, Mani V, Chadwick MA et al. Prospective study of
causes of haemolysis during venipuncture: tourniquet time
should be kept to a minimum. Ann Clin Biochem 2009; 46:
244–246

11. Singh PJ, Zawada ET, Santella RN. A case of ‘reverse’ pseudo-
hyperkalemia. Miner Electrolyte Metab 1997; 23: 58–61

12. Theparee T, Benirschke RC, Lee HK. Variable potassium con-
centrations: which is right and which is wrong? Lab Med
2017; 48: 183–187

13. Mansoor S, Holtzman NG, Emadi A. Reverse pseudohyperka-
lemia: an important clinical entity in chronic lymphocytic
leukemia. Case Rep Hematol 2015; 2015: 1–3

14. Avelar T. Reverse pseudohyperkalemia in a patient with
chronic lymphocytic leukemia. Perm J 2014; 18: e150–e152

15. Garwicz D, Karlman M. Early recognition of reverse pseudo-
hyperkalemia in heparin plasma samples during leukemic
hyperleukocytosis can prevent iatrogenic hypokalemia. Clin
Biochem 2012; 45: 1700–1702

16. Garwicz D, Karlman M, Ora I. Reverse pseudohyperkalemia
in heparin plasma samples from a child with T cell acute
lymphoblastic leukemia with hyperleukocytosis. Clin Chim
Acta 2011; 412: 396–397

17. Meng QH, Krahn J. Reverse pseudohyperkalemia in heparin
plasma samples from a patient with chronic lymphocytic
leukemia. Clin Biochem 2011; 44: 728–730

18. Abraham B, Fakhar I, Tikaria A et al. Reverse pseudohyperka-
lemia in a leukemic patient. Clin Chem 2008; 54: 449–451

19. Huang N, Bufalino S, Czerlanis C. Pneumatic tube-induced
reverse pseudohyperkalemia in a patient with chronic lym-
phocytic leukemia. Fed Pract 2016; 33(Suppl 5): 60S–62S

20. George A, Pandey O, Moreno A. Chronic lymphocytic leuke-
mia and apparent hyperkalemia. Cleve Clin J Med 2012; 79:
690–693

21. Lee HK, Brough TJ, Curtis MB et al. Pseudohyperkalemia—is
serum or whole blood a better specimen type than plasma?
Clin Chim Acta 2008; 396: 95–96

22. Kattamanchi S, Rein JL, Vassalotti JA. Recognition of reverse
pseudohyperkalemia. Am J Kidney Dis 2017; 69: A59

23. Mushiyakh Y, Dangaria H, Qavi S et al. Treatment and patho-
genesis of acute hyperkalemia. J Community Hosp Intern Med
Perspect 2012; 1: 7372

24. Noel JA, Bota SE, Petrcich W et al. Risk of hospitalization for
serious adverse gastrointestinal events associated with so-
dium polystyrene sulfonate use in patients of advanced age.
JAMA Intern Med 2019; 179: 1025–1033

25. Mount Sinai Data Warehouse. 2018. https://hpc.mssm.edu/
theresearch/mount_sinai_data_warehouse (15 June 2019,
date last accessed)

26. Kidney Disease: Improving Global Outcomes Acute Kidney
Injury Working Group. KDIGO clinical practice guideline for
acute kidney injury. Kidney Int Suppl 2012; 2: 1–138

27. Levey AS, Eckardt KU, Tsukamoto Y et al. Definition and clas-
sification of chronic kidney disease: a position statement
from Kidney Disease: Improving Global Outcomes (KDIGO).
Kidney Int 2005; 67: 2089–2100

28. Kellerman PS, Thornbery JM. Pseudohyperkalemia due to
pneumatic tube transport in a leukemic patient. Am J Kidney
Dis 2005; 46: 746–748

29. Hartmann RC, Auditore JV, Jackson DP. Studies on thrombo-
cytosis. I. Hyperkalemia due to release of potassium from
platelets during coagulation. J Clin Invest 1958; 37: 699–707

30. Nijsten MWN, De Smet B, Dofferhoff A. Pseudohyperkalemia
and platelet counts. N Engl J Med 1991; 325: 1107

31. McCaughey EJ, Vecellio E, Lake R et al. Key factors influencing
the incidence of hemolysis: a critical appraisal of current ev-
idence. Crit Rev Clin Lab Sci 2017; 54: 59–72

32. Lowe G, Stike R, Pollack M et al. Nursing blood specimen
collection techniques and hemolysis rates in an emer-
gency department: analysis of venipuncture versus intra-
venous catheter collection techniques. J Emerg Nurs 2008;
34: 26–32

33. Wollowitz A, Bijur PE, Esses D et al. Use of butterfly needles
to draw blood is independently associated with marked re-
duction in hemolysis compared to intravenous catheter.
Acad Emerg Med 2013; 20: 1151–1155

RPK is more than leukocytosis | 1449

https://hpc.mssm.edu/theresearch/mount_sinai_data_warehouse
https://hpc.mssm.edu/theresearch/mount_sinai_data_warehouse

	tblfn1
	tblfn2
	tblfn3
	tblfn4

