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Acid-Base and Potassium Disorders in Liver Disease
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Acid-base and potassium disorders occur frequently in the setting of liver disease. As the
liver's metabolic function worsens, particularly in the setting of renal dysfunction, hemo-
dynamic compromise, and hepatic encephalopathy, acid-base disorders ensue. The most
common acid-base disorder is respiratory alkalosis. Metabolic acidosis alone or in com-
bination with respiratory alkalosis also is common. Acid-base disorders in patients with
liver disease are complex. The urine anion gap may help to distinguish between chronic
respiratory alkalosis and hyperchloremic metabolic acidosis when a blood gas is not
available. A negative urine anion gap helps to rule out chronic respiratory alkalosis. In this
disorder a positive urine anion gap is expected owing to suppressed urinary acidification.
Distal renal tubular acidosis occurs in autoimmune liver disease such as primary biliary
cirrhosis, but often is a functional defect from impaired distal sodium delivery. Potassium

disorders are often the result of the therapies used to treat advanced liver disease.
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Acid—base and potassium disorders are found commonly
in the setting of liver disease.!"1® In the initial stages of
portal hypertension development, there is splanchnic arterial
vasodilation associated with the production of nitric oxide.!”
This explains at least in part the increased sodium avidity and
water retention.'8-20 In the setting of compensated liver dis-
ease, there is an increase in cardiac index, heart rate, and
plasma volume. In the setting of decompensated liver dis-
ease, arterial pressure decreases, which leads to an increase in
antidiuretic hormone (ADH) receptor activity, plasma cate-
cholamine levels, aldosterone level, and renin-angiotensin
system, and ADH levels, causing sodium and water reten-
tion.?!-2* The development of ascites, a reduction in renal
perfusion, and a reduction in glomerular filtration rate fol-
low, leading to a prerenal state. If persistent, severe, and
unresponsive to volume, this condition is known as the he-
patorenal syndrome and occurs in 5% to 18% at 1 year and
39% at 5 years in patients with cirrhosis and ascites.?” Hypo-
natremia occurs from a reduction in filtered sodium, an in-
crease in sodium reabsorption in the proximal tubule, and a
reduction in free water clearance. Diuretics and paracentesis
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often exacerbate hyponatremia by causing volume depletion
and ADH release.?>

Acid-base and potassium disorders also occur commonly
in the setting of liver disease.!1° In patients with well-com-
pensated cirrhosis, the abnormality may not be evident clin-
ically. The most common acid-base disorder is respiratory
alkalosis. However, metabolic alkalosis, respiratory acidosis,
and metabolic acidosis all can be seen. As liver disease pro-
gressively worsens, the acid-base abnormality becomes more
evident. As the liver’s metabolic function decreases, particu-
larly in the setting of renal dysfunction, hemodynamic com-
promise, hepatic encephalopathy, and further exacerbation
of acid-base and potassium disorders often ensue.*2% Hyper-
ventilation is an almost universal finding with advanced liver
disease, leading to chronic respiratory alkalosis.?"-?

A number of factors contribute to acid-base imbalance in
liver disease: impaired gluconeogenesis reduces the metabo-
lism of lactic acid and leads to metabolic acidosis, abnormal-
ities in the efficiency of the urea cycle can cause a reduction in
bicarbonate use, and a reduction in protein synthesis and
primarily albumin in the setting of liver disease all contribute
to changes in acid-base balance.?-32

Metabolic Acidosis
High Anion Gap Metabolic Acidosis

Initial studies reported the development of metabolic acido-
sis with progressively severe liver disease.!!!® Increased an-
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ion gap metabolic acidosis may be seen in 10% to 20% of
patients with chronic liver disease, often as a result of type B
lactic acidosis.® Patients with chronic stable and compen-
sated liver disease, however, do not have increased lactate
levels. Patients with decompensated liver disease, however,
for example in the setting of sepsis or hemorrhage, may have
increased blood lactic acid levels (ie, type A lactic acidosis).
In the setting of end-stage liver disease, one study noted that
30% to 40% of patients had some degree of lactic acidosis.!?
Other types of metabolic acidosis include ketoacidosis, for
example, in the setting of alcoholic liver disease with starva-
tion, dehydration, impaired gluconeogenesis, and increased
lactic acid production.? Metabolic acidosis also may be
caused by the ingestion of methanol or ethylene glycol.® If an
osmolar gap is noted in this setting, ingestion of either of
these alcohols should be suspected immediately and imper-
ative treatment such as ethanol infusion and hemodialysis
should be initiated given the high mortality.® Other causes of
metabolic acidosis include those developing in the absence of
liver disease, such as salicylate overdose and renal failure
when present.

Hyperchloremic Metabolic Acidosis

Nonanion gap metabolic acidosis in patients with liver dis-
eases also can be the result of diarrhea or renal tubular aci-
dosis.2-33 Diarrhea is a common cause of metabolic acidosis,
particularly in patients on lactulose therapy for hepatic en-
cephalopathy. The association between renal tubular acidosis
and liver disease has long been recognized.57-12.26:33 This is-
sue, however, is somewhat controversial. Clearly, there are
cases in which the distal acidification effect seems to be
caused by an intrinsic tubular defect associated with autoim-
mune disease.”12>*36 In primary biliary cirrhosis, for in-
stance, there are well-documented series.”1?-3*36 Many pa-
tients, however, may have a distal acidification defect that
may be secondary to impaired distal sodium delivery as a
result of liver failure. This in itself may interfere with the
normal decrease of urine pH.>"38 Urinary sodium availability
affects the ability to decrease urine pH (Fig 1). In salt-retain-
ing states with urine sodium levels of less than 25 mmols/L,
urine pH cannot be decreased maximally.® In patients with
liver disease and impaired distal sodium delivery, the finding
of a high urine pH may be taken as evidence of distal renal
tubular acidosis (RTA), although in reality this is not the case.
Hence, urine pH is a misleading index of distal acidification
in that the intrinsic renal capacity for distal H* secretion is
normal once sodium delivery is increased. This may be ac-
complished by the administration of a loop diuretic.*
Whenever a hyperchloremic metabolic acidosis is present
without any obvious cause (eg, diarrhea) and with a relatively
normal glomerular filtration rate, distal RTA should be ex-
cluded. With appropriate suspicion, the diagnosis usually
can be confirmed by the findings of an inappropriately low
rate of acid excretion. In the presence of metabolic acidosis,
ammonium is the most important component of acid excre-
tion.?” Ammonium is either measured directly or estimated
by calculating the urine anion gap. The urine anion gap will
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Figure 1 Urinary pH in relation to urinary sodium concentration in
8 patients with diarrhea. Urinary sodium (una) was increased by the
administration of either furosemide or sodium chloride. The rela-
tion between urinary pH (y) and urinary sodium (x) could be ex-
pressed as a curvilinear line, according to the following equation:
y=-0.16In(x) + 5.8 (r=10.75, P < .001). Reprinted from Batlle
etal.’®

be low (often a negative value) if there is a decrease in un-
measured anions or an increase in unmeasured cations (eg,
NH,*). The urine anion gap will be increased (usually a pos-
itive value) if there is an increase in unmeasured anions or a
decrease in unmeasured cations. Because the concentrations
of unmeasured anions in the urine do not change consider-
ably and because NH,* is the major unmeasured cation in the
presence of metabolic acidosis, the urine anion gap is a useful
estimate of urine [NH,*] in this setting. Patients with an
acidification defect typically have a positive gap because of
inappropriately low NH;* excretion, whereas in diarrheal
states (providing that distal Na* delivery is adequate) the gap
is negative, reflecting the fact that NH,* excretion is not
impaired. In proximal RTA, the urine anion gap is negative
(provided plasma [HCO;7] is low), reflecting normal distal
acidification. The urine anion gap also is useful to suspect the
diagnosis of respiratory alkalosis. In this acid-base disorder,
the chronic alkalosis results in suppression of ammonium
excretion and this is manifested by a positive urine anion gap
(see later) (Table 1).

Diseases that had been associated with distal renal tubular
acidosis in patients with liver disease include primary biliary
cirrhosis, Wilson’s disease, galactose union, amyloidosis, gly-
cogen storage disorders, heavy metal intoxication, and hy-
drocarbon inhalation.* Fanconi syndrome also has been re-
ported, although rarely.*! Copper deposition injuring the
renal tubules is thought to be the mechanism for acidosis in
Wilson’s disease.*? Bicarbonate levels in the setting of these
diseases generally are between 12 and 20 mEq/L. However,
renal tubular acidosis also has been noted in patients in the
absence of these types of liver disease. Golding® studied 100
patients with chronic liver disease showing the presence of a
mild renal acidification defect this disorder was found more
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Table 1 The Urine Anion Gap as a Way to Distinguish Meta-
bolic Acidosis From Respiratory Alkalosis

Urine
Anion Plasma Plasma
Gap* Bicarbonate Chloride
Metabolic acidosis Negative Low High
(diarrhea)
Metabolic acidosis Positive Low High
(distal RTA)
Chronic respiratory Positive Low High
alkalosis

*The urinary anion gap as a marker of ammonium excretion has not
been validated in patients with chronic liver disease in whom am-
monium excretion may be high independently of the renal excretion,
which varies depending on the acid-base status. (Increased in met-
abolic acidosis as a result of diarrhea and decreased in distal RTA
and respiratory alkalosis).

commonly in patients with biliary cirrhosis. Clinical renal
tubular acidosis was observed infrequently. Some of these
patients underwent a kidney biopsy examination, which
showed marked renal interstitial nephritis with tubular dam-
age. Another possibility is the presence of gammaglobuline-
mia as a cause for tubular dysfunction. In those with clinically
significant renal tubular acidosis, hypokalemia and hypercal-
ciuria may occur. Gabow et al® showed that patients with
chronic liver disease on spironolactone developed metabolic
acidosis. This is an almost predictable consequence of inhi-
bition of aldosterone-driven sodium transport in the cortical
collecting tubules. In the face of decreased distal sodium
delivery, aldosterone is critical for sodium reabsorption and
H+ secretion. In fact, patients with advanced liver disease
typically have low urine sodium and high urine potassium
levels, the hallmark of secondary hyperaldosteronism.

Respiratory Alkalosis

Respiratory alkalosis is thought to be the most common acid-
base derangement found in patients with liver disease as a
result of hyperventilation and an increase in blood ammonia
levels. In 1967, Mulhausen et al'! observed the relationship
of acid-base status and lactate-pyruvate levels in 91 patients
with liver disease; 64% had respiratory alkalosis but all vari-
eties of acid-base abnormalities were observed. In addition,
an inverse correlation between plasma bicarbonate and lac-
tate-pyruvate levels was seen and it was proposed that pri-
mary respiratory alkalosis progresses to metabolic acidosis
from lactic acidosis. Funk et al® studied 50 patients with
stable liver disease and 10 healthy subjects and observed that
patients with the mildest form of liver disease (Child-Pugh
class A) had a normal acid-base state, whereas those with
class B or C had respiratory alkalosis, although the creatinine
clearance by any estimation was not provided for these pa-
tients. Proposed causative factors for respiratory alkalosis in-
clude hypoxemia in the setting of massive ascites, anemia,
hepatopulmonary syndrome, hepatic hydrothorax, or bacte-
rial infection; the exact cause of hyperventilation remains
unclear but high progesterone levels owing to liver disease

seems the best explanation. Patients with fulminant hepatitis
and hepatic coma can have a pH greater than 7.50.!* The
cause of hyperventilation is not clear; proposed causes in-
clude brain hypoxia and direct stimulation of the respiratory
center by increased progesterone levels. In addition, estradiol
has been proposed to be associated indirectly with respira-
tory alkalosis because it increases the number of progester-
one receptors in animals and hence may increase its overall
actions.?® Progesterone is a respiratory stimulant in human
beings and is degraded by the liver. Eiseman and Clark?®
observed that there is a direct correlation with hyperventila-
tion and ammonia; however, subsequent studies with intra-
venous infusion of ammonia did not produce any increase in
ventilation.

Chronic respiratory alkalosis, similar to hyperchloremic
metabolic acidosis, presents with hypobicarbonatemia and
hyperchloremia (Table 1). In the absence of blood gas deter-
mination, this combination often is diagnosed erroneously as
a chronic metabolic acidosis. In this respect, the urine anion
gap is useful in distinguishing these 2 disorders: if a meta-
bolic acidosis other than distal RTA is present then the urine
anion gap should be negative (Table 1). A positive urine
anion gap in this setting suggests the presence of a respiratory
alkalosis on distal RTA. A negative urine anion gap helps to
rule out chronic respiratory alkalosis (Table 1). In this disor-
der a positive urine anion gap is expected as a result of sup-
pressed urinary acidification, which is an adaptive response
to chronic alkalemia. Although the definitive diagnosis re-
quires a blood gas, the urine gap provides an index of suspi-
cion alerting to the possible presence of a chronic respiratory
alkalosis. There are no found studies validating the use of the
urine anion gap in patients with respiratory alkalosis in the
setting of chronic liver disease, in which ammonia levels may
be increased.

Respiratory acidosis may occur also, but this is rare except
when the patient is exposed to sedatives or in the context of
associated lung disease.

Metabolic Alkalosis

Metabolic alkalosis is another common base disorder found
in patients with liver disease, often as a result of thereby with
loop diuretics. This occurs owing to increased urinary hydro-
gen loss from enhanced distal hydrogen secretion. High al-
dosterone levels and hypokalemia further increase distal hy-
drogen secretion. A study by Haussinger et al>® suggested that
metabolic alkalosis occurs as a result of abnormal hepatic
bicarbonate disposal and urea synthesis in cirrhosis. How-
ever, Shangraw and Jahoor?? showed that impaired urea syn-
thesis may not precipitate metabolic alkalosis.

Metabolic alkalosis often results from diuretic therapy
with loop diuretics or thiazides and often is accompanied by
hypokalemia. The administration of potassium or the use of
potassium-sparing diuretics such as spironolactone may pre-
vent or reduce metabolic alkalosis. Metabolic alkalosis also
may occur in the setting of vomiting. As mentioned earlier,
alkalosis, similar to hypokalemia, is thought to exacerbate
hepatic coma; an increase in extracellular pH increases the
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conversion of ammonium to ammonia.*> Ammonia is lipid
soluble and may diffuse into brain cells, thereby exacerbating
encephalopathy.

Potassium Disturbances
in the Setting of Liver Disease

Potassium levels may vary in patients with liver disease; both
hypokalemia and hyperkalemia may occur, but usually nor-
mokalemia is observed. Although there is increased secretion
of aldosterone, which leads to sodium and potassium secre-
tion, distal sodium delivery is decreased, thereby counteract-
ing the stimulatory effect of aldosterone on potassium secre-
tion.

Hypokalemia

Patients may be hypokalemic owing to a variety of reasons
including low dietary intake of potassium-rich foods or in-
tracellular shifting of extracellular potassium in the setting of
alkalemia.?’ Alternatively, patients may become hypokale-
mic, commonly in the setting of potassium loss with diuretic
use, hyperaldosteronism, magnesium depletion (as in the
case of chronic alcoholic liver disease), or vomiting.** Often-
times hypokalemia is multifactorial. Early studies showed
that the total body potassium level was decreased 30% to
40% in patients with liver disease irrespective of the stage of
liver disease.”* Hypokalemia can exacerbate hepatic en-
cephalopathy by increasing renal ammoniagenesis and sys-
temic ammonia levels.* Chlorothiazide treatment has been
associated with hypokalemia and worsening of hepatic en-
cephalopathy.* One of the first descriptions of this was by
Read at al® in 1959. Subsequent studies reported that most
patients on diuretics developed marked renal potassium
wasting.*04" Another study in 1966 showed that induction of
hypokalemia correlated with an increase in blood ammonia
levels.* The degree of hypokalemia is dependent on the de-
gree of natriuresis and hyperaldosteronism. Typically, those
patients with hypokalemia had very high aldosterone levels
but low distal Na* delivery, so that collecting tubule K*
secretion is kept close to normal as a result of opposite influ-
ences canceling each other. A study in 1966 showed that
induction of hypokalemia correlated with an increase in
blood ammonia levels.* Hypokalemia also can result in mus-
cle weakness, myocardial irritability, polyuria, polydipsia,
and ileus. Exacerbation of hypokalemia was reported in a
patient given terlipressin, a vasopressin analog used in the
treatment of bleeding varices.*® The patient developed urine
potassium wasting and it was postulated that perhaps terlip-
ressin potentiated the effect of aldosterone on potassium se-
cretion.®®

Hyperkalemia

Hyperkalemia also can be seen in the setting of liver disease,
although this is a less frequent complication and usually is
caused by drugs such as the potassium-sparing diuretics spi-
ronolactone, eplerenone, amiloride, or triamterene, or angio-
tensin-converting enzyme inhibitors and angiotensin II

blockers.> This is exacerbated further by increased potassium
intake, decreased glomerular filtration rate, and decreased
distal delivery of sodium. Severe hyperkalemia also may oc-
cur in the setting of acidemia in the setting of end-stage or
terminal liver disease. It also can occur if there is concomitant
rhabdomyolysis as in the case of alcohol intoxication, gastro-
intestinal bleeding, or hemolysis.>#0:4349

Conclusion

Acid-base disorders in the setting of liver disease are frequent
and complex; mixed acid-base disturbances are not uncom-
mon in the setting of the underlying disease process and the
therapy used to treat it. Respiratory alkalosis either alone or
associated with a metabolic acidosis is the most common
acid-base disorder. Metabolic acidosis often occurs from di-
arrhea associated with lactulose therapy and it is aggravated
further by decreased distal Na* delivery. The urine anion gap
is a useful tool in distinguishing chronic respiratory alkalosis
from metabolic acidosis. The presence of multiple and mixed
acid-base disorders may lead to a normal blood pH and the
erroneous conclusion that there is no acid-base disorder.
Even the most minor of therapies such as the infusion of
normal saline, the administration of albumin, glucose infu-
sion, and the initiation of diuretic therapy may alter the del-
icate acid-base balance. In addition, common complications
in this patient population such as sepsis shock and hemor-
rhage can lead to a metabolic acidosis. The severity and com-
plications of liver disease, presence of renal dysfunction and
its potential cause, intravenous infusions, and all medications
such as diuretics, vasopressin analogs, and lactulose therapy
must be considered in the evaluation of acid-base and potas-
sium disorders.
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