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Abstract

Hyperkalemia is a life-threatening condition potentially leading to cardiac arrest. Here, we re-
port a case of surprising severe hyperkalemia of 10.2 mmol/L in a diabetic patient with previ-
ously normal kidney function presenting without discernible clinical symptoms to our emer-
gency department. The patient was admitted because of hyperglycemia of 32.8 mmol/L, which
was detected during daily testing in her nursing home. The hyperkalemia was caused by pre-
renal failure due to hyperglycemic polyuria which led to volume depletion, and worsened by a
combination of potassium-sparing drugs and potassium supplementation. The patient was
treated conservatively. Eighteen hours later, the serum potassium concentration was 4.6
mmol/L. The patient could be released 6 days later. To our knowledge, this is the highest de-
scribed hyperkalemia treated conservatively and survived without cardiopulmonary resuscita-

tion. © 2021 The Author(s)
Published by S. Karger AG, Basel
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Background

A serum potassium concentration above 5.5 mmol/L is defined as hyperkalemia, which is
a life-threatening condition eventually leading to cardiac arrest and is associated with a mor-
tality rate of up to 41% in hospitalized patients [1-3]. To prevent and treat hyperkalemia, the
underlying causes need to be understood and symptoms need to be interpreted correctly.

The four most common causes of hyperkalemia are impaired renal function, medication
altering distal nephron potassium secretion, increased potassium release from cells, and high
dietary intake of potassium [1, 4, 5]. Diabetes can cause alterations in plasma potassium via
several mechanisms: insulin shifts K+ ions from the extra- to the intracellular space, and insu-
lin deficiency slows down this process. Additionally, the hyperosmolality resulting from hy-
perglycemia can directly lead to hyperkalemia via solvent drag [6, 7]. Hyperosmolality also
causes polyuria. Polyuria either can cause hypokalemia due to an increase in distal nephron
flow or can lead to volume contraction and prerenal failure and eventually result in hyper-
kalemia [7].

Usually, hyperkalemia causes clear clinical symptoms: nausea, palpitations, and weak-
ness of the large muscles [8]. This is explained by the decreased resting membrane potential
of cells, leading to altered excitability of all myocytes. Altered cardiomyocyte excitability, the
main cause of the increase in mortality with hyperkalemia, is diagnosed via electrocardiogram
(ECG). In mild hyperkalemia, the QRS complexes are broadened, while a sinus-wave pattern
can be observed at severe stages [8].

A mainstay of emergency treatment of hyperkalemia is the initiation of dialysis [9]. Acute
dialysis poses many risk factors, including the risk of acute vascular access, infection, severe
hypotension, disequilibrium syndrome, and cardiac events [10]. Therefore, a conservative
treatment of hyperkalemia is often preferred [9]. The conservative treatment approach con-
sists of stimulation of both potassium uptake into cells and urinary potassium excretion [5].

Here, we report the case of an oligosymptomatic diabetic patient in whom hyperglycemia
indirectly led to a hyperkalemia of 10.2 mmol/L. It was treated by implementing only con-
servative measures and is, to our knowledge, the highest described potassium value survived
without cardiopulmonary resuscitation.

Case Presentation

A 57-year-old female patient presented to our emergency department from her nursing
home for hyperglycemia, which was detected during daily testing (32.8 mmol/L; 591 mg/dL).
She had survived an insult to the basal ganglia due to a hypertensive emergency 2 years before
(thus was not able to speak) and had insulin-dependent diabetes mellitus type 2. Secondary
causes of arterial hypertension had been excluded. The kidney function had been measured
as normal on her previous hospitalization 2 months before (baseline serum creatinine 0.66
mg/dL).

The patient had been to our hospital 2 months previously for a urinary tract infection.
During this stay, repeated hypertensive urgencies had been noted (arterial blood pressure
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>180/110 mm Hg), as well as metabolic alkalosis (pH 7.37, HCO3* 27.0 mmol/L) and hypoka-
lemia (2.4 mmol/L). After successful antibiotic treatment for the urinary tract infection, the
patient was discharged with a newly prescribed medication of ramipril 5 mg 1-0-1, spirono-
lactone 200 mg 1-0-0, and daily potassium supplementation of 80.25 mmol (see online suppl.
Table 1; for all online suppl. material, see www.karger.com/doi/10.1159/000512590 for list
of all medications upon admission). The etiology of the hypokalemia was unfortunately not
investigated. At discharge, the plasma potassium was 3.2 mmol/L. In the discharge report, the
need for close ambulatory serum potassium monitoring was stated. For an overview of the
patient history, please see the timeline according to CARE criteria (Fig. 1) [11]. After discharge,
no ambulatory controls took place.

On the current admission, vitals were taken, an ECG was written, and a venous blood gas
analysis was performed as a standard procedure. The patient was examined and severe dehy-
dration was noted. The venous blood gas analysis showed an elevated blood glucose of 32.8
mmol/L (591 mg/dL) and an extreme serum potassium of 10.2 mmol/L (Table 1), and the
ECG a flattened P wave with lengthening of the PR interval and a broadened QRS complex
starting to merge with the T waves (Fig. 2a). At that point, both the intensive care physician
and the nephrologist were informed, the patient was transferred to continuous monitoring,
and an arterial blood gas analysis was obtained (Table 1). When arterial measurement veri-
fied the hyperkalemia, 1 L of isotonic saline, 40 mg furosemide, 100 mL 8.4% sodium bicar-
bonate, 10 mL 10% calcium gluconate, and 4 units of insulin were given intravenously (i.v.).
Sixteen units of insulin were given subcutaneously. The ECG went promptly into a sinus
rhythm within 20 min (Fig. 2b). One hour later, the serum potassium concentration was 8.8
mmol/L. Additional laboratory results (Table 2) revealed acute kidney injury (serum creati-
nine 5.90 mg/dL, blood urea nitrogen 224 mg/dL). Kidney ultrasound ruled out postrenal fail-
ure.

The patient was transferred to our intensive care unit. Four liters of isotonic saline i.v.
were administered, prescribed under the hypothesis of prerenal kidney failure due to hyper-
glycemic polyuria. Serum potassium decreased from 10.2 to 4.6 mmol/L within 18 h of admit-
tance (Fig. 3). The 24-h urine output was 3.4 L and serum creatinine returned to 0.83 mg/dL
within 2 days. No dialysis was performed.

The patient could be released to her nursing home within 6 days of admittance. Potassium
supplementation was paused. The need to monitor the serum potassium concentration in this
patient more closely was communicated to her primary care physician.

Discussion

We described the case of a patient hospitalized for diabetic decompensation which was
complicated by hyperkalemia and acute kidney injury and handled conservatively. The hyper-
kalemia was of multifactorial origin: impaired renal function due to volume contraction in
combination with medication altering distal nephron potassium secretion (RAAS [renin-angi-
otensin-aldosterone system] blockade) and dietary potassium supplementation.
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The risk for cardiovascular mortality with hyperkalemia increases steeply starting from
potassium concentrations of 5.5 mmol/L [12]. While there are reports of hyperkalemia of 11.4
mmol/L in a patient with a pacemaker and of 14 mmol/L under ongoing cardiac resuscitation,
to our knowledge, 10.2 mmol/L is the highest survived K* value described to date in a patient
without cardiac assist devices [13, 14]. Conservative management of severe hyperkalemia has
been reported in patients with normal renal function [15]. In this case, we chose to treat the
patient conservatively. Conservative treatment of hyperkalemia under the condition of good
urinary output often is more rapid than the establishment of dialysis modalities. We believe
this approach is feasible and reasonably safe to perform under intensive care conditions if the
reestablishment of a sinus rhythm in response to calcium gluconate treatment is achieved rap-
idly (approx. within 10-20 min).

In this case, the hyperkalemia was oligosymptomatic. Symptoms of hyperkalemia usually
comprise muscular weakness and palpitations, symptoms the patient communicates [5]. The
described patient could not communicate after having survived a stroke 2 years previously,
and the hyperkalemia almost would have been missed. This case emphasizes the additional
caution that should be given to patients with preexisting neurologic conditions [14].

Blockade of the RAAS is an independent risk factor for hyperkalemia [12]. While there
currently is no clear recommendation on the frequency of testing intervals, in the described
case, beginning treatment with RAAS blockade and potassium supplementation should have
led to more frequent testing [3]. The hyperosmolar polyuria did in this case not lead to
hypokalemia (see Introduction), as potassium-sparing medication was combined with potas-
sium supplementation, resulting in a potassium load that distal nephron flux could not re-
solve.

A potential mechanism by which the patient might have had a survival benefit under such
extreme hyperkalemia is the accompanying hyperglycemia. While it is an independent risk
factor for hyperkalemia, it may have protected this patient from fatal cardiac consequences.
The proposed mechanism, which has been discussed for vascular smooth muscle cells and
cardiomyocytes in mice, rats, dogs, and the isolated perfused rabbit heart, is caused by (in our
case hyperglycemic) hyperosmolality [16-19]. Hyperosmolality in these models has been hy-
pothesized to be cardioprotective via two mechanisms: (1) it causes a lower excitability of the
cardiomyocyte, changing the patterns of intracellular calcium mobilization, and (2) it alters
the central control of cardiac responses [7, 18, 19]. In patients presenting without concurrent
hyperglycemia, much lower potassium values have been described to be fatal [3, 12]. It is
tempting to speculate that our patient was protected by the hyperosmolality caused by hyper-
glycemia.

In conclusion, we described a rare case of a survived hyperkalemia of 10.2 mmol/L. It
presented surprisingly as hyperglycemia in an otherwise oligosymptomatic patient and was
handled conservatively.

I~
Karger<

72



Case Re ports Case Rep Nephrol Dial 2021;11:69-77

DOI: 10.1159/000512590 © 2021 The Author(s). Published by S. Karger AG, Basel

in Nephr°|ogy www.karger.com/cnd
a nd Dia Iysis Czogalla et al.: Surprising Hyperkalemia with Hyperglycemia

Acknowledgments

The authors would like to thank Prof. Johannes Loffing, MD, University of Zurich, and Dr.
David Penton, PhD, University of Zurich, for fruitful discussions and invaluable scientific input
on potassium metabolism and hyperkalemia.

Statement of Ethics

All herein presented research was conducted in accordance with the World Medical As-
sociation Declaration of Helsinki. Full written and signed consent to publish the herein pre-
sented information has been given by the patient’s guardian before submission.

Conflict of Interest Statement

The authors report no competing interests.

Funding Sources

T.B.H. is supported by Deutsche Forschungsgemeinschaft CRC1140, CRC 992, and HU
1016/8-1 and the Heisenberg Program, BMBF (01GM1518C), European Research Council
(ERC) Grant 616891, and H2020-IMI2 consortium BEAt-DKD; F.G. is supported by Deutsche
Forschungsgemeinschaft CRC1140.

Author Contributions

All authors treated the patient, analyzed and interpreted the patient data, and wrote and
approved the final manuscript.

Data Availability Statement

The data that support the findings of this study are fully available saved patient data at

the University Hospital Hamburg, UKE. Data are available from the authors upon reasonable
request if explicit repeated written consent of the patient’s guardian is given.

References

1  Skorecki K, Chertow GM, Marsden PA, Taal MW, Yu AS. Brenner & Rector’s the kidney. Philadelphia (PA):
Elsevier; 2016.

I~
Karger<

73


https://www.karger.com/Article/FullText/512590?ref=1#ref1

Case Re ports Case Rep Nephrol Dial 2021;11:69-77 74

DOI: 10.1159/000512590 © 2021 The Author(s). Published by S. Karger AG, Basel

i n N @ p h r°|ogy www.karger.com/cnd

and Dialysis

10

11

12

13

14

15

16

17

18

19

Czogalla et al.: Surprising Hyperkalemia with Hyperglycemia

Oliveira MA, Brandi AC, Santos CA, Botelho PH, Cortez JL, Braile DM. Modes of induced cardiac arrest:
hyperkalemia and hypocalcemia - literature review. Rev Bras Cir Cardiovasc. 2014 Jul-Sep;29(3):432-6.
Hoppe LK, Muhlack DC, Koenig W, Carr PR, Brenner H, Schottker B. Association of Abnormal Serum
Potassium Levels with Arrhythmias and Cardiovascular Mortality: A Systematic Review and Meta-Analysis
of Observational Studies. Cardiovasc Drugs Ther. 2018 Apr;32(2):197-212.

Te Dorsthorst RP, Hendrikse |, Vervoorn MT, van Weperen VY, van der Heyden MA. Review of case reports
on hyperkalemia induced by dietary intake: not restricted to chronic kidney disease patients. Eur ] Clin Nutr.
2019;73(1):38-45.

Lehnhardt A, Kemper M]. Pathogenesis, diagnosis and management of hyperkalemia. Pediatr Nephrol. 2011
Mar;26(3):377-84.

Goldfarb S, Cox M, Singer I, Goldberg M. Acute hyperkalemia induced by hyperglycemia: hormonal
mechanisms. Ann Intern Med. 1976 Apr;84(4):426-32.

Conte G, Dal Canton A, Imperatore P, De Nicola L, Gigliotti G, Pisanti N, et al. Acute increase in plasma
osmolality as a cause of hyperkalemia in patients with renal failure. Kidney Int. 1990 Aug;38(2):301-7.
Kasper D, Fauci A, Hauser S, Longo D, Jameson J. Harrison’s principles of internal medicine. New York:
McGraw-Hill; 2008.

Mahoney BA, Smith WA, Lo DS, Tsoi K, Tonelli M, Clase CM. Emergency interventions for hyperkalaemia.
Cochrane Database Syst Rev. 2005 Apr;(2):CD003235.

Fliser D, Laville M, Covic A, Fouque D, Vanholder R, Juillard L, et al.; Ad-hoc working group of ERBP. A
European Renal Best Practice (ERBP) position statement on the Kidney Disease Improving Global Outcomes
(KDIGO) clinical practice guidelines on acute kidney injury: part 1: definitions, conservative management
and contrast-induced nephropathy. Nephrol Dial Transplant. 2012 Dec;27(12):4263-72.

Gagnier J], Kienle G, Altman DG, Moher D, Sox H, Riley D; CARE Group*. The CARE Guidelines: Consensus-
Based Clinical Case Reporting Guideline Development. Glob Adv Health Med. 2013 Sep;2(5):38-43.

Palaka E, Grandy S, Darlington O, McEwan P, van Doornewaard A. Associations between serum potassium
and adverse clinical outcomes: a systematic literature review. Int ] Clin Pract. 2020 Jan;74(1):e13421.
Tokuda Y. Cardiac Arrest with Extreme Hyperkalemia. EAJEM. 2017 Oct;16(4):173-4.

Sanson G, Russo S, Iudicello A, Schiraldi F. Tetraparesis and failure of pacemaker capture induced by severe
hyperkalemia: case report and systematic review of available literature. ] Emerg Med. 2015 May;48(5):555-
61.e3.

Shingarev R, Allon M. A physiologic-based approach to the treatment of acute hyperkalemia. Am ] Kidney
Dis. 2010 Sep;56(3):578-84.

Vargas FF, Johnson JA. Loss of excitability and tension associated with osmotic swelling in the perfused
rabbit heart. | Mol Cell Cardiol. 1978 May;10(5):461-8.

Kozeny GA, Murdock DK, Euler DE, Hano JE, Scanlon PJ, Bansal VK, et al. In vivo effects of acute changes in
osmolality and sodium concentration on myocardial contractility. Am Heart J. 1985 Feb;109(2):290-6.
Wang R, Liu Y, Sauvé R, Anand-Srivastava MB. Hyperosmolality-induced abnormal patterns of calcium
mobilization in smooth muscle cells from non-diabetic and diabetic rats. Mol Cell Biochem. 1998 Jun;183
(1-2):79-85.

Bealer SL. Central control of cardiac baroreflex responses during peripheral hyperosmolality. Am ] Physiol
Regul Integr Comp Physiol. 2000;278(5):R1157-63.

I~
Karger<


https://www.karger.com/Article/FullText/512590?ref=2#ref2
https://www.karger.com/Article/FullText/512590?ref=3#ref3
https://www.karger.com/Article/FullText/512590?ref=4#ref4
https://www.karger.com/Article/FullText/512590?ref=5#ref5
https://www.karger.com/Article/FullText/512590?ref=6#ref6
https://www.karger.com/Article/FullText/512590?ref=7#ref7
https://www.karger.com/Article/FullText/512590?ref=8#ref8
https://www.karger.com/Article/FullText/512590?ref=9#ref9
https://www.karger.com/Article/FullText/512590?ref=10#ref10
https://www.karger.com/Article/FullText/512590?ref=11#ref11
https://www.karger.com/Article/FullText/512590?ref=12#ref12
https://www.karger.com/Article/FullText/512590?ref=13#ref13
https://www.karger.com/Article/FullText/512590?ref=14#ref14
https://www.karger.com/Article/FullText/512590?ref=15#ref15
https://www.karger.com/Article/FullText/512590?ref=15#ref15
https://www.karger.com/Article/FullText/512590?ref=16#ref16
https://www.karger.com/Article/FullText/512590?ref=17#ref17
https://www.karger.com/Article/FullText/512590?ref=18#ref18
https://www.karger.com/Article/FullText/512590?ref=19#ref19
https://www.karger.com/Article/FullText/512590?ref=19#ref19

Case Re ports Case Rep Nephrol Dial 2021;11:69-77

DOI: 10.1159/000512590 © 2021 The Author(s). Published by S. Karger AG, Basel

in Neph r°|ogy www.karger.com/cnd

. . Czogalla et al.: Surprising Hyperkalemia with Hyperglycemia
and Dialysis

Timeline
Female patient born 1961, so far Before
diagnosed with aHTN and DMII.
Hypertensive emergency; patient 2016
remains unable to speak.
Admission for 3 MRGN E.coli 01/2018

urinary tract infection; treatment
with meropenem i.v. During this
stay, hypokalemia (2.4 mmol/l) is
noted; the patient is released
with new medication (ramipril,
spironolactone, potassium
supplementation). No ambulatory
controls take place.

Admission for persistent 03/2018
hyperglycemia (591 mg/dl), BGA
reveals unexpected hyperkalemia
of 10.2 mmol/l.

\4

Fig. 1. Timeline according to CARE criteria. aHTN, arterial hypertension; DMII, diabetes mellitus type 2;
MRGN, multiresistant gram-negative; BGA, blood gas analysis.

ECG upon admission ECG 20 minutes later

“

T
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Fig. 2. a ECG of the patient on admission, showing a broadened QRS complex and elevated T waves. b ECG
of the patient after i.v. calcium gluconate, showing a sinus rhythm.
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Evolution of Hyperkalemia

0.9%NaCL1L

Furosemide 40 mg

8,4 % NaHCO3 100 mL

10% calcium gluconate 10 mL
Insulin4 Uiv.

Insulin 16 U s.c.

09%
15— NaCL4L
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Potassium (mmol/L)
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time after admission (h)

Fig. 3. Evolution of hyperkalemia over time and medication administered.
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Table 1. Arterial and venous blood gas analysis (BGA) on admission

Venous BGA Arterial BGA
pO2, mm Hg 43.5 71
pCOz, mm Hg 44.1 43.3
pH 7.28 7.27
Bicarbonate, mmol/L 20.5 19.9
Hemoglobin, g/dL 11.2 10.1
Sodium, mmol/L 146 146
Potassium, mmol/L 10.2 10.2
Calcium, mmol/L 1.4 1.39
Chloride, mmol/L 113 114
Lactate, mmol/L 1.6 1.5
Glucose, mmol/L 325 32.8

Table 2. Laboratory results on admission showing acute kidney injury

Normal Patient’s

range result
Hemoglobin, mmol/L 7.64-9.5 6.8
Leukocytes, x109/L 3.8-11.0 23
Thrombocytes, x109/L 150-400 255
Blood urea nitrogen, mmol/L 1.67-3.34 37.4
Creatinine, pmol/L 44.2-88.4 521.6
C-reactive protein, pmol/L to 14.75 17.7
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