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excretion, and induces sodium–water retention through 
the activation of renin–angiotensin–aldosterone axis and 
vasopressin hormone, respectively. Vasopressin increases 
solute-free water retention by acting on the V2 receptors 
of the kidney collecting tubules. However, an impaired 
water excretion is also present in this population due to a 
combination of renal hypoperfusion and low urinary solute 
excretion. Additionally, an impaired urinary acidification, 
potassium handling, as well as reduced urine concentrating 
capability, can be documented in cirrhosis.

Prognostic models in liver cirrhosis

Two models for assessing general prognosis in cirrhosis 
have been described: Child–Pugh and model for end-stage 
liver disease (MELD) [4]. Regarding Child–Pugh classifica-
tion, it includes variables as ascites, encephalopathy, serum 
bilirubin, albuminemia, and prothrombin time (Table  1). 
The simplicity of this classification has determined its wide 
utilization, but since it has important drawbacks, another 
prognostic model (MELD) has been described. These main 
drawbacks are the absence of renal variables, as well as 
the presence of non-prognostic (prothrombin) and subjec-
tive (encephalopathy and ascites) variables [4]. The MELD 
scoring model currently uses international normalized 
ratio (INR), total serum bilirubin level, and creatininemia 
to predict patients’ survival based on the following equa-
tion [4]: MELD = 3.8 loge [bilirubin (mg/dL)] + 11.2 loge 
[IRN] + 9.6 loge [creatininemia (mg/dL)] + 6.4 (Table 2). 
However, since it has been demonstrated that to incorpo-
rate serum sodium (Na) into MELD (MELD-Na) provides 
more accurate survival prediction than MELD alone, this 
new score is currently used, which is based on the follow-
ing equation [5]: MELD-Na = MELD + 1.59 (135—Na) 
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Introduction

Pathopysiological changes secondary to chronic liver dis-
ease and cirrhosis predispose these patients to develop 
different sorts of water, electrolyte, and acid–base altera-
tions [1–3]. The mechanisms underlying these disorders 
are manifold and complex and can have significant impact 
on the prognosis, morbidity and mortality of this group. 
Cirrhotic portal hypertension leads to systemic vasodila-
tion that reduces renal blood flow and glomerular filtra-
tion rate (GFR), reverses normal diurnal rhythm of sodium 
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with maximum and minimum Na of 135 and 120 mmol/L, 
respectively [5–7]. 

Sodium retention in liver cirrhosis

The cause of sodium retention in liver cirrhosis is primar-
ily due to enhanced renal tubule reabsorption rather than 
changes in the filtered sodium load. However, different 
mechanisms have been proposed in order to explain this 
phenomenon, as follows [3, 8–12]:

Underfil theory

Portal hypertension promotes fluid transudation from the 
vascular system through the hepatic sinusoidal bed to the 
peritoneal cavity (ascites) and consequently induces effec-
tive hypovolemia. This phenomenon is the initiator of salt 
and water retention due to the activation of renin–angioten-
sin–aldosterone system, sympathetic nervous system, and 
non-osmotic vasopressin secretion in an attempt to restore 
euvolemia. As a consequence of these neuro-hormonal 
changes, sodium reabsorption by the proximal convoluted 
tubule increases from 60 to 85%, and there is also a reduc-
tion in the delivery of sodium to the thick ascending limb of 
Henle’s loop (15% instead of 40%), and to the early distal 
tubule (5% instead of 9%) [13]. These functional changes 
result in low urinary sodium concentration (<10  mmol/

lL) and low fractional excretion of sodium (<0.5%) [14]. 
Moreover, sympathetic overactivity induces antinatriuresis 
by decreasing total renal blood flow or by acting directly at 
the proximal tubule to enhance sodium reabsorption [15].

Overflow theory

This theory proposes that a hepatic–renal reflex is triggered 
by portal hypertension, causing sodium retention by the 
kidney, and consequently leading to intravascular expan-
sion, and ascites formation. This theory is supported by 
the finding that up to 25% of cirrhotic patients with ascites 
do not have elevated aldosterone, renin, norepinephrine, or 
vasopressin serum levels. However, the fact that cirrhotic 
patients without ascites have “mineralocorticoid escape,” a 
compensatory urinary sodium excretion induced by deox-
ycorticosterone acetate (DOCA) or natriuretic peptide, 
argues against this theory [2, 16, 17].

Peripheral arterial vasodilation theory

This theory attempts to unify the previous theories and pro-
poses that there is an intravascular space compartment that 
enlarges in cirrhotic patients (splanchnic bed) which causes 
the “underfilling” of the arterial circulation. This vasodila-
tation, which is induced by endotoxins, prostaglandins, and 
nitric oxide, leads to low effective arterial volume (under-
fill), and triggers renal sodium retention [2, 3, 17]. All the 
above-mentioned pathophysiological changes, and several 
diseases usually found in cirrhotic patients, predispose 
them to suffer from different electrolytes disorders, whose 
more frequent forms are described in detail in this review.

Dysnatremias: hyponatremia and hypernatremia

Hyponatremia

The prevalence of hyponatremia is around 57 and 40% in 
hospitalized and ambulatory cirrhotics with ascites, and 
25% in stable patients with cirrhosis, respectively [18, 19]. 
Besides, hypotonic hyponatremia associated with increased 
extracellular volume is the most frequent sort of hypona-
tremia observed in this population [19–21]. The risk of 
mortality in cirrhotics on transplant waiting list increases 
by 12% for each unit of sodium decrease between 120 and 
135  mmol/L [18]. Cirrhotic patients with hyponatremia 
have higher 3-month mortality compared to those with nor-
mal serum sodium levels [18]. Because of that, as it was 
mentioned above, serum sodium variable was incorporated 
to prognostic MELD score [5–7]. In addition, hypona-
tremia is also associated with survival, falls, and cognitive 
dysfunction in the post-transplantation period [22, 23]. The 

Table 1   Child–Pugh classification

Group A 5–6 points (stable cirrhosis without need of transplant)

Group B 7–9 points (stable but susceptible to destabilization)

Group C ≥ 10 points (need of liver transplant)

Variables Points

1 2 3

Encephalopathy Absent I–II III–V

Bilirubin (mg/dl) <2 2–3 >3

Ascites Absent Mild Tense

Prothrombin (%) >50 30–50 <30

Albuminemia (g/L) >35 35–28 <28

Table 2   Three-month survival in MELD score

MELD Three-month mortality (%)

<9 1.9–3.7

10–19 6–20

20–29 19.6–45.5

30–39 52.6–74.5

>40 71–100
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presence of hypotonic hyponatremia is relevant in cirrhotic 
patients since hyponatremia, like hyperammonemia and 
mild inflammation, has been documented to be significant 
factors involved in the pathogenesis of hepatic encephalop-
athy [24, 25]. It has been suggested that hepatic encepha-
lopathy is related to astrocyte dysfunction secondary to 
intracellular glutamine accumulation due to hyperammone-
mia. Glutamine synthetase is an enzyme located into the 
astrocytes and is responsible for ammonia elimination 
through converting glutamate to glutamine. Since glu-
tamine has osmotic properties, it can trigger intracellular 
edema with subsequent potential astrocyte damage, and 
functional alteration [18]. There are several conditions fre-
quently observed in cirrhotics, such as diabetes mellitus, 
renal disease, hypokalemia, hypophosphatemia, hypoxia, 
and malnutrition, which are associated with high risk of 
osmotic demyelination induced by rapid correction of 
hyponatremia. Thus, the assessment of the underlying 
mechanism of hyponatremia and the presence of osmotic 
demyelination risk factors are crucial for the proper man-
agement of this entity [22]. According to the concept of the 
“sick cell syndrome,” the presence of membrane transport 
failure, cellular sodium gain, and potassium loss can induce 
hyponatremia in severely ill patients. However, findings of 
normal or low erythrocyte sodium contents provide evi-
dence against this mechanism for explaining hyponatremia 
in terminal cirrhotic patients [26]. Cirrhotic patients with 
ascites often have hyponatremia in the terminal stage of the 
disease, when serum sodium may be below 120  mmol/L, 
secondary to water retention due to a reduced delivery of 
sodium to the diluting segment (thick ascending limb of 
loop of Henle), as well as, an increased water reabsorption 
in the collecting tubules induced by vasopressin release 
[26]. The latter is the reason why V2-receptor antagonists 
(e.g., tolvaptan) have been proposed to treat hyponatremic 
cirrhotic patients [16–18]. However, in a recent study, Pose 
et al. evaluated the effect of tolvaptan on serum sodium in 9 
patients with cirrhosis and severe hypervolemic hypona-
tremia (<125 mmol/L), and they found that only 2 out of 
the 9 patients (22%) gained an increase in serum sodium 
above 130 mmol/L that persisted throughout treatment. In 
the remaining patients, serum sodium either did not change 
or increased during the first days but decreased thereafter 
despite continuation of treatment. Thus, it seems that 
tolvaptan efficacy in severe hyponatremic cirrhotic patients 
is very limited [27–29]. It is also worth mentioning that 
hypotonic hyponatremia is frequently observed during 
hepatorenal syndrome. This syndrome is caused by an 
intense renal vasoconstriction secondary to marked 
splanchnic arterial vasodilation and reduction of effective 
arterial blood volume with subsequent activation of vaso-
constrictor systems, such as renin–aldosterone axis and 
antidiuretic hormone. Hepatorenal syndrome is 

characterized by progressive renal failure, usually triggered 
by gastrointestinal hemorrhage, bacterial infections, or sur-
gical procedures, and often associated with marked oliguria 
and profound hyponatremia [27]. In regard to hypotonic 
hyponatremia induced by endocrinologic alterations, low 
serum sodium can be related to hypothyroidism or adrenal 
insufficiency secondary to an autoimmune mechanism 
affecting the endocrinal glands and the liver (autoimmune 
hepatitis). It is worth mentioning that the coexistence of a 
polyendocrine deficiency disorder (Schmidt’s syndrome) 
should be always ruled out since in this case the steroid 
replacement has to be prescribed before thyroxine therapy 
in order to avoid precipitating an addisonian crisis [23]. 
Regarding hyponatremia due to reset osmostat syndrome, it 
occurs when the threshold for vasopressin secretion is reset 
downward. These patients have normal water load excre-
tion and intact urine-diluting ability after an oral water 
loading test. This condition is chronic and stable, and it can 
be caused by pregnancy, quadriplegia, malignancy, malnu-
trition, chronic debilitating disease, and chronic alcoholism 
[23, 30, 31]. In alcoholic patients, hyponatremia has a prev-
alence of 17%, and it can be induced by several mecha-
nisms, such as: pseudohyponatremia secondary to alcohol-
induced hypertriglyceridemia, reset osmostat, true volume 
depletion mainly due to gastrointestinal fluid losses, “beer 
drinkers potomania,” syndrome of inadequate antidiuretic 
hormone secretion (SIADH), and cerebral sodium wasting 
syndrome (CSW) due to alcohol-induced cerebral atrophy 
and dementia [31]. The “beer drinkers potomania” syn-
drome results from an excessive intake of very hypotonic 
fluid (beer) associated with a reduced free water excretion 
capability secondary to a reduced excretion of urinary sol-
utes (low protein diet) [31]. As it was described above, 
hyponatremia can be induced by different mechanisms, and 
fractional excretion of uric acid (FEUA) can be useful for 
distinguishing them since FEUA value is usually low in 
hypovolemic states: volume depletion and edematous states 
(FEUA: <4%), normal in reset osmostat (FEUA: 4–11%), 
and high in syndrome of inadequate antidiuretic hormone 
secretion (SIADH) and CSW (FEUA  >  11%). Regarding 
how to distinguish between SIADH and CSW, after serum 
sodium normalization FEUA value turns lower than 11% 
while remains higher than 11% in CSW [30]. Finally, other 
frequent causes of hypotonic hyponatremia in cirrhotic 
patients are: heart failure (cardiomyopathy secondary to 
alcohol or hemochromatosis), renal failure or nephrotic 
syndrome (glomerulonephritis, etc.), diarrhea (lactulose, 
infectious, etc.), pharmacological (terlipressin, loop diuret-
ics, spironolactone, etc.), SIADH (interferon, lung and cen-
tral nervous system infections, etc.) [22]. Pseudohypona-
tremia can also be found in cirrhotic patients, and it should 
be distinguished from real hyponatremia. There are two 
mechanisms of pseudohyponatremia depending on the 
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plasma tonicity. Regarding normotonic pseudohypona-
tremia, it is induced by an increased percentage of large 
molecular particles (lipids or proteins) in plasma (normo-
tonic hyponatremia), since these large molecules do not 
contribute to plasma osmolality but do occupy volume in 
total plasma, but with the plasma osmolality remaining nor-
mal [23]. This spurious form of hyponatremia is not 
observed when direct ion-selective electrodes are used to 
determine electrolyte composition of plasma water. This 
pseudohyponatremia can be caused by severe dyslipidemia 
(interferon, nephrotic syndrome), marked hypergamma-
globulinemia (interferon, autoimmune diseases), and/or 
intravenous immunoglobulin administration (liver trans-
plant) [22]. In regard to hypertonic pseudohypernatremia, it 
is secondary to a shift of electrolyte-free water from the 
intracellular space into the intravascular compartment 
induced by the osmotic force of hyperglycemia. In this set-
ting, the real serum sodium value (if no added glucose) can 
be estimated by adding 1.6  mmol/L to measured serum 
sodium for every 100 mg/dL increase above normal value 
of serum glucose. This phenomenon is frequently observed 
since diabetes mellitus is a risk factor for developing 
hepatopathy (non-alcoholic steato-hepatosis, diabetic 
hepatopathy), and the incidence of diabetes mellitus is high 
in patients suffering from cirrhosis (hepatogenous diabe-
tes). Among its main causative agents are alcohol, hepatitis 
C,hemochromatosis, medication (glucocorticoids, inter-
feron, tacrolimus, octreotide), and/or intercurrent diseases 
(hyperglycemia induced by sepsis) [22].

Hypernatremia

Even though severe hypernatremia (>150  mmol/L) shows 
low prevalence in cirrhotics (0.4%), moderate hyperna-
tremia (>145  mmol/L) has been reported in up to 4% of 
these patients. Patients at risk of hypernatremia include 
those with reduced water intake (altered mental status, 
immobility, etc.) or increased water loss (diarrhea, diuret-
ics, vaptans, etc.). High serum sodium is much more poorly 
tolerated (encephalopathy) than hyponatremia in cirrhot-
ics, requiring urgent management. Since hypernatremia 
represents a free water deficit, it can be corrected by free 
water replacement [18] It is worth pointing out that normal 
serum sodium concentration in patients suffering from liver 
cirrhosis with severe hyperproteinemia or hyperlipidemia 
should raise the suspicion that true hypernatremia may be 
present (pseudonormonatremia).

Dyskalemias: hypokalemia and hyperkalemia

The serum potassium concentration can vary widely in 
unstable cirrhotic patients, with a higher prevalence of 

hypokalemia (20%) than hyperkalemia (12%) in this group 
[32].

Hypokalemia

Regarding hypokalemia, there are low body potassium 
stores in cirrhotic patients (sarcopenia) which predispose 
them to present low serum potassium level particularly in 
the context of malnutrition, secondary hyperaldosteron-
ism, enteric potassium losses (diarrhea), magnesium deple-
tion, renal tubular acidosis, or loop diuretics [1, 13, 19, 32, 
33]. However, the increased sympathetic nervous activity 
is one of the most important factors in the pathogenesis 
of hypokalemia in cirrhotic patients, due to intracellular 
potassium shift induced by epinephrine. This sympathetic 
overactivity can be induced not only by the cirrhosis itself 
but also by acute hemorrhage or withdrawal syndrome in 
alcoholic cirrhotic patients [15]. Other causes of hypoka-
lemia secondary to intracellular potassium shift in cirrhot-
ics are: alkalemia, megaloblastic anemia treatment, and 
refeeding syndrome [33]. It is worth mentioning that ter-
lipressin, which is usually used to treat bleeding esopha-
geal varices and to improve renal function in hepatorenal 
syndrome, can induce hypokalemia by different mecha-
nisms. Firstly, terlipressin induces marked arterial vaso-
constriction, the amelioration of systemic hemodynamics 
suppresses the activity of vasoconstrictor systems, which 
in turn improves GFR leading to an increased potassium 
excretion [27]. Secondly, terlipressin is slowly transformed 
to lysine vasopressin which stimulates tubular potassium 
urinary excretion. Additionally, vasopressin can potentiate 
the stimulatory effect of aldosterone on potassium secretion 
in the collecting tubules [27, 33]. Because of the above-
mentioned reasons, terlipressin can be used for treating 
hyperkalemia associated with hepatorenal syndrome, in 
order to try to avoid dialysis [27]. Hypokalemia can induce 
stupor and metabolic coma, since it is the extracellular 
potassium concentration which controls the renal ammo-
nia production in cirrhotics. [34, 35]. The mechanisms by 
which hypokalemia, like metabolic acidosis, enhances pro-
duction of ammonia is by lowering the intracellular pH of 
proximal tubule cells [35, 36]. A mild (200 mmol), short-
term (5 days) potassium depletion is sufficient to stimulate 
renal amoniogenesis [36].

Hyperkalemia

Regarding hyperkalemia, it has been demonstrated that 
there is a reduced tolerance to exogenous potassium load-
ing in cirrhotic patients. During the first three to 6 h after an 
acute potassium load, the bulk of potassium shifts normally 
into the intracellular space. Liver and muscles are the main 
buffering system in the distribution of potassium between 
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compartments partially mediated by insulin. However, a 
higher increase in serum potassium has been documented 
after an oral potassium load in cirrhotic patients when com-
pared with healthy people despite similar urine excretion 
and despite an increase in the insulin secretion response 
in this population. Skeletal muscles mass reduction and 
decreased hepatic potassium uptake could be involved in 
the altered capacity of handling potassium loading in cir-
rhotic patients. Additionally, liver dysfunction contributes 
to decreased hepatic cellular potassium uptake despite the 
presence of insulin hypersecretion. Since insulin stimulates 
potassium uptake by cells through its action on sodium–
potassium–ATPase pump, and also on sodium–hydrogen 
exchange across the cell membrane, the presence of a sort 
of insulin resistance has been postulated in order to explain 
this intolerance to potassium load in this population. Insu-
lin level in cirrhotic patients has been largely reported 
higher than in normal subjects. Reduced hepatic insulin 
extraction and enhanced insulin secretion, due to a reduced 
negative feedback inhibition by circulating insulin, have 
been documented in cirrhotics. However, considering this, 
the cellular pathways involved in the mechanism of “resist-
ance” to the effect of insulin on potassium transport and 
its possible link to resistance on glucose metabolism have 
not been determined yet [32, 37]. Patients with advanced 
cirrhosis are often treated with sparing potassium agents, 
angiotensin converting enzyme inhibitors (ACEI), angio-
tensin receptor blockers (ARB), and beta-blockers. Special 
care should be taken with the intake of certain foods high 
in potassium (K+), such as orange (K+: 344 mg), banana 
(K+: 275  mg), or ginger (K+: 1343  mg), since they can 
trigger hyperkalemia [19, 38]. Cirrhotic patients sometimes 
require using simultaneously drugs which have antagonic 
effect on renal potassium handling, as is the case of furo-
semide and spironolactone. However, it has already been 
documented that in this pharmacological context there is a 
net increase in urinary potassium excretion, and this phe-
nomenon can only be detected through transtubular potas-
sium gradient index [37]. Serum potassium levels correlate 
directly with serum creatinine and urea and inversely with 
serum sodium in cirrhotics. The model incorporating serum 
potassium (K” model) can predict death in advanced cir-
rhotics with an excellent accuracy [19]. It has been docu-
mented in patients with cirrhotic ascites that serum potas-
sium >4.8 mmol/L was associated with mortality within a 
year of hospitalization [38]. The MELD score reflects the 
underlying liver and renal function, and it is a validated 
predictor of survival in patients with liver diseases. It incor-
porates three widely available laboratory measurements, 
including the international normalized ratio (INR), serum 
creatinine, and bilirubin levels [39]. It showed a stronger 
predictive performance for high serum potassium than 
either serum creatinine or estimated glomerular filtration 

rate alone. Additionally, the MELD score showed good pre-
dictive performance for ARB-related hyperkalemia among 
hospitalized patients [39]. Hyperkalemia secondary to min-
eralocorticoid antagonists is more frequent in cardiac fail-
ure patients than in cirrhotic patients, except for those who 
are on nonspecific beta-blockers (e.g., propanolol) for treat-
ing portal hypertension [16]. Since ARBs are mainly elimi-
nated via the hepatic and renal pathways, then lower doses 
are needed to achieve the same pharmacodynamic effects 
and to avoid hyperkalemia. However, the pharmacokinet-
ics of irbesartan has been shown to be unaltered in patients 
with renal impairment or cirrhosis [39]. MELD score has 
shown to be useful in predicting hyperkalemia secondary 
to ARBs, so a high MELD score may indicate decreased 
elimination of ARBs from serum, and to have precaution 
in ARBs dose prescription [39–41]. Hyperkalemia in cir-
rhotic patients can also be induced by renal failure (e.g., 
hepatorenal syndrome), adrenal insufficiency, acidemia, 
hyperglycemia, and high-grade cytolysis (e.g., hemolysis, 
rhabdomyolysis) [42].

Acid–base disturbances

Acid–base imbalance generates different sort of internal 
milieu disorders such as acidosis, alkalosis, or their com-
bination (double or triple acid–base disorders). Acidosis 
consists of a primary acid gain or a primary alkali loss, 
while acidemia indicates an increased serum H+ concen-
tration (blood pH < 7.36). Conversely, alkalosis consists of 
a primary acid loss or primary alkali gain, and alkalemia 
indicates a decreased serum H+ concentration (blood 
pH  >  7.44). Additionally, acidosis is classified in respira-
tory acidosis (carbon dioxide retention), normochloremic 
or high anion gap (AG) metabolic acidosis (bicarbonate 
conversion), and hyperchloremic or normal AG metabolic 
acidosis (bicarbonate loss). AG can be calculated by apply-
ing the following equation: AG  =  serum sodium-(serum 
chloride  +  serum bicarbonate), being its normal value 
12 ± 4 mmol/L. Regarding alkalosis, it is usually classified 
in respiratory alkalosis (carbon dioxide high excretion) and 
metabolic alkalosis (bicarbonate gain) [43].

Respiratory alkalosis

Acid–base disorders are usually observed particularly in 
unstable cirrhotic patients, being chronic respiratory alka-
losis (RA) the most prevalent acid–base alteration (64%), 
and it usually progresses from Child class A to class C 
([32, 43]. Cirrhotic hyperventilation in stable cirrhosis 
can be induced by chronic hypoxemia (lung arteriovenous 
shunt), respiratory stimulating endogenous toxins (liver 
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arteriovenous shunt), respiratory center stimulation due to 
higher progesterone serum levels (reduced progesterone 
metabolism), and/or brain stem intracellular acidosis, since 
ammonia readily crosses the blood–brain barrier) [2, 32]. 
Additionally, hypocapnic (respiratory) alkalosis can induce 
hypokalemia by increasing renal potassium excretion and 
intracellular potassium shift, and hypophosphatemia by 
inducing phosphorus intracellular shift in this population 
[1, 2].

Metabolic alkalosis

Metabolic alkalosis is frequently found in cirrhotic patients 
mainly induced by secondary hyperaldosteronism (effec-
tive hypovolemia, loop diuretics, vomiting, glucocorti-
coid administration, etc.) high antiacid intake, and nega-
tive potassium balance [25, 29, 44]. In regard to diuretics, 
which are commonly used for the mobilization of ascites 
in unstable liver cirrhosis [1, 11], they can often induce not 
only metabolic alkalosis but also hypokalemia (loop diu-
retics and thiazides), hyperkalemia and metabolic acidosis 
(potassium sparing agents), and hyponatremia (all diuret-
ics), depending on the sort of diuretic used and the patient’s 
electrolyte balance [9]. The role of urea synthesis is not 
exclusively the elimination of potentially toxic ammonia, 
but also represents an important bicarbonate-consuming 
process, because urea synthesis is an energy-driven neu-
tralization reaction of the bicarbonate base by the weak 
acid ammonium, or in chemical terms: 2 ammonium +  2 
bicarbonate →  urea +  carbon dioxide +  3 water. Thus, 
the liver and the kidney work together to maintain ammo-
nium and bicarbonate homeostasis. High serum bicarbo-
nate levels and metabolic alkalosis in liver disease can be 
the consequence of an impaired bicarbonate-consuming 
urea synthesis due to a severe urea cycle dysfunction. In 
this context, an increased renal ammoniagenesis can help to 
maintain ammonium homeostasis when hepatic ammonium 
detoxication via the urea cycle fails. Additionally, elevated 
plasma glutamine levels, resulting from an impairment 
of urea synthesis, could be one of the signals to stimulate 
renal ammoniagenesis [29].

Metabolic acidosis

Metabolic acidosis with a high anion gap has been docu-
mented in around 10–20% of the cirrhotic patients, the 
most frequent causes are: lactic acidosis (sepsis or shock), 
alcoholic ketosis, and exogenous toxic acidosis (methanol 
or ethylene glycol ingestion) [32]. A slight defect was also 
documented in tubular acidification capability in many cir-
rhotic patients, but only a manifest renal tubular acidosis 

(RTA) in 1–10% of them. Metabolic acidosis with normal 
anion gap (hyperchloremic) is mainly secondary to distal 
RTA (type 1) secondary to systemic autoimmune illnesses, 
phosphorus deficit (malnutrition), or primary urinary acidi-
fication defect in cirrhotics. Besides, there are particular 
entities (e.g., Wilson disease, amyloidosis, etc.) which can 
induce simultaneously hepatic disease, and proximal RTA 
[2, 32]. Regarding distal RTA in cirrhotics, urinary sodium 
excretion can influence urinary acidity, since the sodium 
delivery to the distal tubules contributes to increase in 
their proton secretion capability. Consequently, increased 
sodium reabsorption at the proximal tubule and thick 
ascending limb of loop of Henle can impair distal proton 
secretion (voltage-distal RTA). Additionally, increased 
chloride reabsorption at thick ascending limb of loop of 
Henle (chloride shunt) can be another mechanism of dis-
tal RTA in this group [2]. This inability to lower urinary 
pH diminishes ammonia trapping in the urine and conse-
quently leads to an increase in circulating ammonia and 
to aggravate the hepatic encephalopathy [1, 32, 44–46]. 
Hyperchloremic metabolic acidosis can also be induced 
by spironolactone (aldosterone antagonist) usually used 
in these patients in order to treat their edema due to sec-
ondary hyperaldosteronism [1]. The effect of spironolac-
tone in lowering serum bicarbonate levels is secondary to 
aldosterone antagonism, which reduces hydrogen secre-
tion (tubular acidosis secondary to antialdosteronism) and 
potassium secretion (reduced amoniogenesis secondary to 
hyperkalemia) [1].

Disorders of divalent ions and trace elements

Low serum calcium, phosphorus, and magnesium are the 
most frequent divalent ion alterations usually observed 
among cirrhotic patients [32]. Major disturbances also 
occur in vitamin D metabolism in cirrhotic patients. Even 
though the mammalian liver contains only trace quantities 
of vitamin D, this organ is crucial in vitamin D metabo-
lism, since normal secretion of bile and its overall role in 
fat absorption is crucial in the absorption of exogenous 
vitamin D from the diet. Besides, the liver participates in 
the conversion of cholecalciferol (and ergocalciferol) to its 
biologically active form 25 hydroxycholecalciferol (25-
OHD) via hydroxylation enzymes. Thus, hypocalcemia and 
metabolic bone disease are expected in cirrhotic patients. 
Low serum 25-OHD concentrations have been reported in 
patients with a variety of hepatic disorders, associated with 
calcium homeostasis disturbances and osteodystrophy such 
as osteomalacia, and secondary hyperparathyroidism [47]. 
The mechanisms for the low circulating serum 25-OHD 
concentrations in patients with chronic liver disease are 
multifactorial, such as the lack of vitamin D substrate due 
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to malnutrition, low sunlight exposure, malabsorption (bile 
acids lack), reduced hepatic 25-hydroxylation and vita-
min D binding globulin synthesis. It is also possible that 
jaundice may interfere with the skin absorption of ultravi-
olet light. Since bilirubin absorbs light at the wavelength 
of 280 nm, which is also that required for the conversion 
of 7-dehydrocholesterol to pre-vitamin D3, interference 
in the cutaneous synthesis of cholecalciferol by bilirubin 
may be of importance in jaundiced cirrhotic patients [47]. 
Hypocalcemia is defined as an abnormal decrease in serum 
ionized calcium concentration, associated or not with low 
serum total calcium concentration. Low serum albumin 
and critical illness result in low total calcemia, but normal 
serum ionized calcium levels, and therefore do not cause 
symptoms of hypocalcemia. Hypocalcemia in cirrhotic 
patients can be secondary to malnutrition, malabsorption 
(obstructive jaundice or concomitant pancreatitis), vitamin 
D deficiency, loop diuretics, hypomagnesemia (urine cal-
cium loss), coexistent renal disease, respiratory alkalosis, 
cinacalcet treatment (reduced cinacalcet metabolism), mul-
tiple infusions with citrated blood products, hypoparathy-
roidism, or paraneoplastic calcitonin (hepatic carcinoma) 
[32, 48, 49]. Regarding blood transfusions, exogenous cit-
rate, a preservative used in banked blood products, is the 
main cause of hypocalcemia following blood transfusion, 
since citrate chelates with calcium to form a calcium–cit-
rate complex which is finally metabolized in the liver. In 
this context, it has been documented that a rapid blood 
transfusion can cause more severe and prolonged ionized 
hypocalcemia in patients with liver dysfunction than in 
those with normal liver function, due to its impaired citrate 
metabolism [47]. It is worth mentioning that there is a par-
ticular cause of pseudohypocalcemia in cirrhotic patients. 
The use of gadolinium chelates as contrast agents increases 
the sensitivity and specificity of hepatic magnetic reso-
nance imaging for diagnosing hepatocellular carcinoma in 
chronic hepatic patients. This contrast competitively inhib-
its the reaction between calcium ions and the dye complex, 
yielding a low-intensity color reaction that correlates with 
a falsely low serum total calcium level (within 24  h of 
undergoing the study). Since gadolinium is cleared by glo-
merular filtration and impaired renal function prolongs the 
clearance of this agent, patients with renal failure may be 
more likely to develop pseudohypocalcemia [48]. Parathy-
roid hormone seems to have a direct effect on the kidneys 
preventing sodium reabsorption in the proximal tubules, 
opposing the angiotensin II effect. Additionally, parathyroid 
hormone can counter-regulate an increased blood pressure 
by its vasodilator effects, while it can also stimulate renin 
and aldosterone release. However, sluggishness of this sup-
plementary regulatory mechanism may occur in edematous 
status, as is the case of liver cirrhosis [49]. Besides, there is 
a feedback mechanism between the hormones responsible 

for sodium homeostasis and parathyroid hormone, which is 
relevant in this population and consists of the fact that angi-
otensin II stimulates and atrial natriuretic peptide inhibits 
parathyroid hormone release [50].

Magnesium metabolism

Since serum magnesium represents less than 1% of the 
total body magnesium content, the most reliable method 
to evaluate magnesium status is the magnesium loading 
test. This test consists of performing initially a magnesium 
sulfate infusion and later to determinate the urine excre-
tion of magnesium over 24 h. In magnesium depletion, its 
uptake is increased (20–50%), while it is about 6% in nor-
mal magnesium status. When magnesium loading test was 
performed in cirrhotic patients, they showed an increased 
uptake of 34 ± 26%, which means the presence of a mag-
nesium depletion status in this group [51]. Low serum and 
muscular magnesium content have been documented in 
alcoholic cirrhotic patients due to low magnesium intake 
(malnutrition), high intestinal magnesium losses (diarrhea, 
long-term use of proton pump inhibitors, renal magnesium 
losses (high serum alcohol level, hypophosphatemia, loop 
diuretics), intracellular shift induced by respiratory alka-
losis [32, 52–55]. Patients suffering from alcoholic cir-
rhosis showed significantly reduced muscle strength, but 
when they are on spironolactone, muscle weakness is less 
pronounced, possibly because of the action of this drug on 
muscle magnesium and potassium content [54].

Phosphorus metabolism

Low serum phosphorus can be observed in cirrhotic 
patients due to different mechanisms, such as low phospho-
rus income (malnutrition, malabsorption), high phosphorus 
loss (tubulopathy), and intracellular phosphorus redistribu-
tion (respiratory alkalosis and refeeding syndrome) [25, 
55]. Conversely, hyperphosphatemia, like hypermagne-
semia, can be mainly documented in cirrhotic patients suf-
fering from severe renal failure, and/or high cell destruc-
tion (rabdomiolysis, etc.) [32].

Trace elements

Finally, Nangliya et  al. studied the trace elements (cop-
per, zinc, and selenium) serum levels in one hundred fifty 
cirrhotic individuals of different sex (male–female), ages 
(young–old), and severity of hepatic disease (Child–Pugh A 
to Child–Pugh C). Serum level of copper was found signifi-
cantly increased in patients with liver cirrhosis as compared 
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to healthy group, while serum zinc and selenium levels 
were significantly decreased in cirrhotic subjects as com-
pared to normal controls. They also compared serum trace 
elements levels with severity of liver cirrhosis, and serum 
zinc, magnesium, and selenium levels were significantly 
decreased with advancement of liver disease as compared 
to early stage of cirrhosis and showed a significant negative 
correlation with Child–Pugh Score [56, 57].

Conclusions

Cirrhotic patients are predisposed to different water, elec-
trolytes, acid–base and trace elements disorders since their 
homeostatic capability is undermined by the combination 
of their pathophysiological changes and the concomitant 
clinical conditions usually suffered by them.
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