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CID-BASE AND ELECTROLYTE TEACHING CASE

A Physiologic-Based Approach to the Evaluation of a Patient With
Hyperkalemia

Biff F. Palmer, MD

Hyperkalemia generally is attributable to cell shifts or abnormal renal potassium excretion. Cell shifts
account for transient increases in serum potassium levels, whereas sustained hyperkalemia generally is
caused by decreased renal potassium excretion. Impaired renal potassium excretion can be caused by a
primary decrease in distal sodium delivery, a primary decrease in mineralocorticoid level or activity, or
abnormal cortical collecting duct function. Excessive potassium intake is an infrequent cause of hyperkale-
mia by itself, but can worsen the severity of hyperkalemia when renal excretion is impaired. Before
concluding that a cell shift or renal defect in potassium excretion is present, pseudohyperkalemia should be
excluded.
Am J Kidney Dis 56:387-393. © 2010 by the National Kidney Foundation, Inc.

INDEX WORDS: Hyperkalemia; cell shift; abnormal collecting duct; pseudohyperkalemia; impaired
renal potassium excretion.
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Note from Feature Editor Jeffrey A. Kraut, MD: This article

is part of a series of invited case discussions highlighting

either the diagnosis or treatment of acid-base and electro-

lyte disorders. The present case discussion is the first of 2

articles describing a physiologic-based approach to the

diagnosis or treatment of acute hyperkalemia. In this

article, Dr Palmer presents his approach to the evaluation

of acute hyperkalemia, and in a future teaching case, Drs

Shingarev and Allon will describe their approach to the

treatment of acute hyperkalemia.1

INTRODUCTION

A high serum potassium level can occur in the
etting of normal or altered body stores of potas-
ium. The body has a marked ability to protect
gainst hyperkalemia. This includes regulatory
echanisms that will excrete excess potassium

uickly and mechanisms that will redistribute
xcess potassium into cells until it is excreted.
he development of hyperkalemia in patients
ith diabetes is illustrative of abnormalities in
oth these mechanisms.
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CASE REPORT

linical History and Initial LaboratoryData

A 30-year-old man with known insulin-dependent diabe-
es mellitus is admitted with diabetic ketoacidosis precipi-
ated by the development of cellulitis on the right lower
xtremity. Admission and subsequent laboratory data are
isted in Table 1. The patient is treated with intravenous
uids and insulin, and serum potassium level decreases from
.2 to 2.0 mEq/L (6.2 to 2.0 mmol/L, respectively) during
he first 48 hours after admission. Supplemental potassium is
iven and the patient is discharged after successful treatment
f the cellulitis.
Two weeks later, the patient is noted to have much

mproved glycemic control on split-dose insulin therapy.
hysical examination findings are significant for blood
ressure of 142/90 mm Hg and mild background diabetic
etinopathy. The physician wants to initiate therapy with
n angiotensin receptor blocker to treat the patient’s
ypertension and provide renal protection, but is con-
erned about the potential for worsening the degree of
yperkalemia.

dditional Investigations

Upon further questioning, the patient admits to use of
ver-the-counter ibuprofen for occasional joint pain. He also
rinks noni juice each day after reading an article suggesting
hat noni has a beneficial effect in helping to control blood
lucose levels.
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iagnosis

(1) Hyperkalemia on hospital admission caused by cell shift
n the setting of total-body potassium depletion, and (2) hyper-
alemia as an outpatient caused by impaired renal potassium
xcretion, likely due to underlying hyporeninemic hypoaldoste-
onsim made worse with the use of nonsteroidal anti-inflamma-
ory drugs and increased dietary potassium intake from inges-
ion of noni juice.

linical Follow-up

The patient was placed on a low-potassium diet and use of
buprofen and noni juice was discontinued. A repeated
erum potassium test result 1 week later was 4.7 mEq/L (4.7
mol/L). The patient was started on a low-dose angiotensin

eceptor blocker in combination with hydrochlorothiazide. A
aboratory check 1 week later showed that serum potassium
evel was unchanged at 4.7 mEq/L (4.7 mmol/L).

Table 1.

Admission

odium (mEq/L) 120

otassium (mEq/L) 6.2

hloride (mEq/L) 80

icarbonate (mEq/L) 10

lucose (mg/dL) 850

reatinine (mg/dL) 2.4

ther pH 7.2; PCO2, 25 mm Hg

Note: Conversion factors for units: serum creatinine in m
GFR in mL/min/1.73 m2 to mL/s/1.73 m2, �0.01667. No c
icarbonate in mEq/L and mmol/L.
Abbreviations: eGFR, estimated glomerular filtration

rotein-creatinine ratio.
aCorresponding to eGFR of 38 mL/min/1.73 m2.

Box 1. Causes of Hyperkalemia Due to Cell Shift

• Hypertonicity
• Insulin deficiency
• Mineral acidosis
• �-Blockade (impairs disposal)
• �-Stimulation
• Tissue injury

� Rhabdomyolysis
� Hemolysis
� Tumor lysis

• Hyperkalemic periodic paralysis
• Drugs/toxins/herbal supplements

� Digoxin (Chan su)
� �-Aminocaproic acid
� Tetrodotoxin
� Succinylcholine
• Rebound after insulin or thiopental infusion
t

DISCUSSION

Does the patient have pseudohyperkalemia?
seudohyperkalemia should be excluded before
oncluding that hyperkalemia is caused by cell
hift or abnormal renal potassium excretion.
seudohyperkalemia is an in vitro phenomenon
aused by the mechanical release of potassium
rom cells during the phlebotomy procedure or
pecimen processing. This diagnosis is made
hen serum potassium concentration exceeds

he plasma potassium concentration by �0.5
Eq/L (�0.5 mmol/L). Common causes include
st clenching during the phlebotomy procedure,

tory Data

48 h After Admission 2 wk After Admission

137 140

2.0 5.2

110 106

16 22

180 145

1.8 1.8a

� Random UPCR, 1.7 mg/mg

o �mol/L, �88.4; glucose in mg/dL to mmol/L, �0.05551;
ion necessary for serum potassium, sodium, chloride, and

CO2, partial pressure of carbon dioxide; UPCR, urine

Box 2. Approach to Patients at Risk of Hyperkalemia
When Using Drugs That Interfere With the RAAS

• Accurately assess kidney function level to better define
risk of hyperkalemia

• When possible, discontinue drugs that interfere with
renal potassium secretion, inquire about herbal
supplement preparations and over-the-counter use
of nonsteroidal anti-inflammatory drugs

• Recommend a low-potassium diet, inquire about potas-
sium-containing salt substitutes

• Prescribe effective diuretics therapy (use loop diuretics
when estimated glomerular filtration rate �30 mL/min/
1.73 m2)

• Use sodium bicarbonate to correct metabolic acidosis
in patients with chronic kidney disease

• Initiate therapy with low-dose RAAS blocker and moni-
tor potassium closely

Abbreviation: RAAS, renin-angiotensin-aldosterone sys-
Labora

g/dL t
onvers

rate; P
em.
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pplication of tourniquets, and use of small-bore
eedles. Pathologic causes are seen mostly in the
etting of hematologic disorders, such as throm-
ocytosis (platelets �500,000/cm3) and pro-
ounced leukocytosis (leukocytes 70,000/cm3).
ontamination with potassium EDTA in certain

ampling tubes can cause a spurious increase in
lasma potassium concentration accompanied by
very low plasma calcium concentration.
Is there evidence of excess dietary intake? In

he presence of normal renal and adrenal func-
ion, it is difficult to ingest enough potassium to
ecome hyperkalemic. Dietary intake as a con-
ributor to hyperkalemia usually is in the setting
f impaired kidney function. Dietary sources
articularly enriched with potassium include mel-
ns, citrus juice, and salt substitutes. Other hid-
en sources of potassium reported to cause life-
hreatening hyperkalemia include raw coconut
uice (potassium concentration, 44.3 mEq/L [44.3

mol/L]) and noni juice (potassium, 56 mEq/L
56 mmol/L]). Although clay ingestion can cause
ypokalemia because of binding in the gastroin-
estinal tract, river bed clay is potassium en-
iched (100 mEq of potassium in 100 g of clay)
nd can cause life-threatening hyperkalemia in
atients with chronic kidney disease. Ingestion
f burnt match heads (cautopyreiophagia) also
an be a hidden source of potassium.2 This
ctivity was found to add an additional 80 mEq

Box 3. Key Teaching Points

• Serum potassium measurement should be repeated to
exclude pseudohyperkalemia in patients with a normal
electrocardiogram and no risk factors for hyperkalemia

• The hyperkalemia typically observed in patients with
diabetic ketoacidosis is caused by insulin deficiency
and the hypertonic state and not the result of the
underlying organic acidosis

• Hyperkalemia that is chronic is caused by impaired
renal potassium excretion and not cell shift

• Impaired renal potassium excretion can be the result of
conditions that severely limit distal sodium delivery,
decreased mineralocorticoid levels or activity, or a
distal tubular defect; in many instances, one or more
mechanisms are present

• Withholding drugs that block the renin-angiotensin
system only on the basis of impaired kidney function
can potentially deprive many patients of the cardiovas-
cular benefit they would otherwise receive because
numerous steps can be taken to minimize the risk of
hyperkalemia
f potassium to one dialysis patient’s daily in- p
ake and produced a plasma potassium concentra-
ion of 8 mEq/L (8 mmol/L).

Is the hyperkalemia the result of a cellular
hift? Cellular redistribution is a more important
ause of hyperkalemia than hypokalemia (Box
). One should realize that as little as a 2% shift
n intracellular potassium to the extracellular
uid will result in a serum potassium level of 8
Eq/L (8 mmol/L).
The major physiologic regulators of potas-

ium shift into cells are insulin and cat-
cholamines. Metabolic acidosis promotes potas-
ium exit from cells dependent on the type of
cid present. Mineral acidosis (NH4Cl or HCl)
y virtue of the relative impermeability of the
hloride anion results in the greatest efflux of
otassium from cells, whereas organic acidosis
ie, lactic, �-hydroxybutyric, or methylmalonic
cid) results in no significant efflux of potassium.
yperkalemia associated with lactic acidosis is

he result of cell ischemia.
Cell shift is a potential complication of hyper-

onic states. Hyperglycemia leads to water move-
ent from the intracellular to extracellular com-

artment. This water movement favors potassium
fflux from the cell through the process of sol-
ent drag. In addition, cell shrinkage causes the
ntracellular potassium concentration to in-
rease, creating a more favorable concentration
radient for potassium efflux. This same phe-
omenon has been described in neurosurgical
atients given large amounts of hypertonic
annitol.
The hyperkalemia on admission in the present

atient most likely is caused by the effects of
ypertonicity and insulin deficiency. Metabolic
cidosis in diabetic ketoacidosis is not the cause
f hyperkalemia because the acidosis is of the
rganic type. After treatment with intravenous
uids and insulin, serum potassium levels de-
reased rapidly to 2.0 mEq/L (2.0 mmol/L).
atients with diabetic ketoacidosis frequently are

otal-body potassium depleted because of renal
otassium losses resulting from increased distal
odium delivery (osmotic diuretic effect of glu-
ose and excretion of sodium-ketoacid salts) in
he setting of high aldosterone levels (stimulated
y volume depletion).
Does the patient have a disturbance in renal

otassium excretion? Although redistribution of

otassium can result in hyperkalemia, the in-
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Biff F. Palmer390
rease in potassium levels generally is mild and
onsustained. Prolonged and severe hyperkale-
ia implies the presence of concomitant de-

reases in renal potassium excretion. In most
nstances, the clinical setting will allow the clini-
ian to determine whether there is a disturbance
n renal potassium excretion. Nevertheless, deter-

ination of the transtubular potassium gradient
TTKG) is a popular tool among some clinicians
o assess renal potassium handling.

TTKG � [Kurine
� ⁄ (Uosmolality ⁄ Sosmolality)] ⁄ Kserum

�

here K�
urine is urine potassium concentration,

osmolality is urine osmolality, Sosmolality is serum
smolality, and K�

serum is serum potassium con-
entration. The TTKG is intended to estimate
ubular fluid potassium concentration at the end
f the cortical collecting duct by accounting for
ater reabsorption that takes place distal to where
otassium secretion has ceased.
The TTKG may be most helpful in the evalua-

ion of hyperkalemia when one is attempting to
iscriminate between low aldosterone levels and
ldosterone resistance.3 The best way to use the
est is to compare a basal measurement with one
btained within 4 hours after administration of a
hysiologic dose (0.05 mg) of 9-�-fludrocorti-
one. An increase in TTKG to more than 6 within
his time frame suggests aldosterone deficiency.
dministration of a pharmacologic dose (0.2
g) may elicit an increase in TTKG over 24

ours in the setting of aldosterone resistance.
Decreased renal potassium excretion can be

aused by 1 or more of 3 abnormalities: de-
reased distal sodium delivery, mineralocorti-
oid deficiency, and abnormal cortical collecting
ubule function.4

To understand the effect of decreased distal
elivery of sodium, it is important to appreciate
hat potassium is freely filtered by the glomeru-
us. The bulk of filtered potassium is reabsorbed
n the proximal tubule and loop of Henle such
hat only 10% of the filtered load reaches the
istal nephron. Potassium is secreted in the distal
ephron and the rate of secretion is regulated and
aries according to physiologic needs.
Acute decreases in glomerular filtration rate

GFR), as occur in acute kidney injury, would
ot be expected to have a marked effect on

otassium excretion. However, acute decreases s
n GFR may lead to marked decreases in distal
elivery of salt and water, which may second-
rily decrease distal potassium secretion. Thus,
hen acute kidney injury is oliguric, hyperkale-
ia is a frequent problem; when nonoliguric,

istal delivery usually is sufficient and hyperka-
emia is unusual.

Chronic kidney disease is more complicated.
n addition to the decreased GFR and secondary
ecrease in distal delivery, there is nephron drop-
ut and less collecting tubule mass to secrete
otassium. However, this is counterbalanced by
potassium adaptation in which the remaining

ephrons develop increased ability to excrete
otassium. Although patients with chronic kid-
ey disease do not excrete a potassium load as
ast as healthy persons, hyperkalemia is unusual
ntil GFR has decreased to �10 mL/min/1.73
2 (�0.2 mL/s/1.73 m2). The occurrence of

yperkalemia with GFR �10 mL/min/1.73 m2

�0.2 mL/s/1.73 m2) should raise the question of
ecreased mineralocorticoid activity or a specific
esion of the cortical collecting tubule.

Decreased mineralocorticoid activity, the sec-
nd major reason for decreased renal potassium
xcretion, can result from disturbances that origi-
ate at any point along the renin-angiotensin-
ldosterone system. Such disturbances can be the
esult of a disease state or effects of various
rugs (Fig 1).
The syndrome of hyporeninemic hypoaldo-

teronism accounts for most unexplained hyper-
alemia in patients in whom GFR and potas-
ium intake would not be expected to result in
yperkalemia.5 Diabetic nephropathy and inter-
titial renal disease are the most common clini-
al entities associated with this syndrome.

Hyperkalemia in the presence of mild de-
reases in GFR and normal aldosterone levels
an arise from certain interstitial renal diseases
hat can affect the distal nephron specifically.

any of these diseases are the same associated
ith hyporeninemic hypoaldosteronism, and fre-
uently, the impaired renin release and defect in
ubular secretion coexist. Examples include pa-
ients with a kidney transplant, lupus erythemato-
us, amyloidosis, urinary obstruction, and sickle
ell disease.

Potassium-sparing diuretics impair the ability
f the cortical collecting tubule to secrete potas-

ium. The non–testosterone-derived progestin
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rospirenone contained in certain oral contracep-
ives possesses mineralocorticoid blocking ef-
ects similar to that seen with spironolactone
Fig 1). Serum potassium levels should be moni-
ored when these drugs are prescribed in patients
eceiving potassium supplements, renin-angioten-
in blockers, or nonsteroidal anti-inflammatory
rugs.6

Pseudohypoaldosteronism type II (Gordon syn-
rome) is an autosomal dominant form of hyper-
ension in which hyperkalemia and metabolic
cidosis are key features. Plasma aldosterone
oncentrations are low despite the presence of
yperkalemia, which normally exerts a stimula-
ory effect on aldosterone released from the adre-
al gland. The hypertension and hyperkalemia
re particularly responsive to the administration
f thiazide diuretics. Mutations in the WNK4
nd WNK1 protein kinases are responsible for
his disease.7

Pseudohypoaldosteronism type I is a disorder
haracterized by mineralocorticoid resistance that
ypically presents in newborns. Clinical findings

Figure 1. The renin-angiotensin-aldosterone system an
o a cytosolic receptor in the principal cell and stimulates so
ell-defined sodium channel. As sodium is reabsorbed, th
ore favorable driving force for potassium secretion throug
nion that accompanies sodium also influences potass
timulatory effect on potassium secretion. Disease states
enal potassium secretion and increase the risk of hype
isturbances at multiple sites along this system. Abbreviatio
nclude hyperkalemia, metabolic acidosis, and a Q
endency toward volume depletion caused by
enal salt wasting. In the autosomal recessive
orm of the disease, the defect has been localized
o homozygous mutations in the 3 subunits of the
pithelial sodium channel. The autosomal domi-
ant form of the disease results from mutations
n the mineralocorticoid receptor that, in turn,
esult in mineralocorticoid resistance.4

All clinically important manifestations of hy-
erkalemia occur in excitable tissue. Neuromus-
ular manifestations include paresthesias and fas-
iculations in the arms and legs. As serum
otassium levels continue to increase, ascending
aralysis with eventual flaccid quadriplegia super-
enes. Classically, trunk, head, and respiratory
uscles are spared; however, rarely, respiratory

ailure can occur.
The depolarizing effect of hyperkalemia on

he heart is manifest by changes observable in
he electrocardiogram (ECG). The progressive
hanges of hyperkalemia are classically listed as
eaking of T waves, ST-segment depression,
idening of the PR interval, widening of the

lation of renal potassium (K�) excretion. Aldosterone binds
a�) reabsorption across the luminal membrane through a

tronegativity of the lumen increases, thereby providing a
pically located potassium channel. The permeability of the
cretion, with less permeable anions having a greater
s that interfere at any point along this system can impair
ia. In many patients, this risk is magnified because of
ID, nonsteroidal anti-inflammatory drug.
d regu
dium (N
e elec
h an a
ium se
or drug
RS interval, loss of the P wave, and develop-
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Biff F. Palmer392
ent of a sine-wave pattern. Appearance of a
ine-wave pattern is ominous and a harbinger of
mpending ventricular fibrillation and asystole.

Less common patterns on the ECG include a
ight bundle branch block and right precordial
T-segment elevations reminiscent of Brugada
yndrome. The tall, narrow, and symmetrical
eaked T waves typical of hyperkalemia occa-
ionally can be confused with the hyperacute
-wave change associated with ST-elevation myo-
ardial infarction. A pseudoinfarct pattern also
as been described, resembling both an anterosep-
al and inferior wall myocardial infarction.

Correlation of ECG changes and serum potas-
ium concentrations depends on the rapidity of
yperkalemia onset. Generally, with acute onset
f hyperkalemia, ECG changes appear at a serum
otassium level of 6-7 mEq/L (6-7 mmol/L).
owever, with chronic hyperkalemia, the ECG
ay remain normal up to a concentration of 8-9
Eq/L (8-9 mmol/L). Despite these generalities,

linical studies show poor correlation between
erum potassium concentrations and cardiac
anifestations.8

The initial approach to treatment of chronic
yperkalemia is to review the patient’s medica-
ion profile and, when possible, discontinue drugs
hat can impair renal potassium excretion.9,10

atients should be questioned specifically about
he use of over-the-counter nonsteroidal anti-
nflammatory drugs and herbal remedies because
erbs may be a hidden source of dietary potas-
ium. Patients should be placed on a low-
otassium diet with specific counseling against
he use of potassium-containing salt substitutes.
iuretics are particularly effective in minimizing
yperkalemia. In patients with an estimated GFR
30 mL/min/1.73 m2 (�0.5 mL/s/1.73 m2), thia-

ide diuretics can be used, but with more se-
erely decreased kidney function, loop diuretics
re required.

In patients with chronic kidney disease and
etabolic acidosis, administration of sodium bi-

arbonate is an effective strategy to minimize
ncreases in serum potassium concentration. En-
uring that the patient is first on effective diuretic
herapy will lessen the likelihood of developing
olume overload as a complication of sodium
icarbonate administration.
Development of hyperkalemia after the admin-
stration of renin-angiotensin blockers is of par- S
icular concern because patients at highest risk
f this complication often are the same who
erive the greatest cardiovascular benefit.11 In
ddition to the steps mentioned, the risk of hyper-
alemia with these drugs can be minimized by
nitiating therapy at low doses (Box 2). Serum
otassium should be checked within 1 week of
tarting the drug. If potassium level is normal,
he dose of the drug can be titrated upward. With
ach increase in dose, serum potassium should
e measured again 1 week later. For increases in
erum potassium concentration up to 5.5 mEq/L
5.5 mmol/L), one can try decreasing the dose,
nd in some cases, potassium concentration will
mprove, allowing the patient to remain on the
enin-angiotensin blocker, albeit at a lower dose.
ngiotensin receptor blockers and direct renin

nhibitors should be used with the same caution
s angiotensin-converting enzyme inhibitors in
atients at risk of hyperkalemia.
Sodium polystyrene sulfonate commonly is

sed to treat hyperkalemia in the acute setting.
owever, ongoing use is poorly tolerated be-

ause the resin usually is given in a suspension
ith hypertonic sorbitol to promote osmotic diar-

hea. In addition, ongoing use had been associ-
ted with mucosal injury in the lower and upper
astrointestinal tract.12

In summary, the development of hyperkalemia
n diabetic patients can be the result of distur-
ances in factors that regulate both potassium
istribution within the body and total-body potas-
ium content. Key teaching points are listed in
ox 3.
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