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in Liver Disease
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5.1	� Introduction

Any therapeutic substance that is administered to 
the body undergoes metabolism and elimination. 
Metabolism is the biotransformation of all the 
endogenous and exogenous compounds within 
our body which converts them into water soluble 
substances which may be readily eliminated.

Pharmacokinetics is a term used to denote the 
fate of the drug in the body. This refers to the 
absorption, distribution, metabolism, and elimi-
nation of a drug as it passes through the human 
body. All these factors influence the final avail-
able concentration of the drug at the site of action. 
To make it simpler, it is termed as “what the body 
does to the drug.” Pharmacodynamics refers to 
the effect of the drug on the body which is 
affected by the drugs affinity and action at its 
receptors. In general, it refers to “what the drug 
does to the body.” First-pass metabolism refers to 
the metabolism of the drug before its entry into 
the systemic circulation, thereby reducing its bio-
availability. The liver is an important site for first-
pass metabolism.

Understanding clinical pharmacokinetics is 
important to enhance the efficacy and reduce the 
toxicity of the drug therapy while pharmacody-
namic principles would help in understanding the 

interplay between the concentration of the drug 
at its receptor site and its pharmacological effect.

5.2	� The Normal Liver

The liver is an intraperitoneal organ located in the 
right upper quadrant of the abdomen. It consists 
of a right and a left lobe. The liver has a dual 
blood supply by the hepatic artery and the portal 
vein. The portal blood flow is the major regulator 
of the vascular tone of the hepatic artery—a phe-
nomenon termed as the “Hepatic arterial Buffer 
response” [1]. The hepatic arteries and portal 
veins divide to supply each lobe of the liver and 
converge at the sinusoids of the liver to supply 
blood to the hepatocytes. The hepatic sinusoids 
are low pressure vascular channels which consist 
of fenestrated endothelium which is essential for 
influx and efflux of various molecules into the 
perisinusoidal space of Disse. After draining the 
liver, the blood enters a central vein via the 
hepatic lobule, which eventually drains into the 
hepatic vein.

5.3	� Role of Liver in Drug 
Metabolism

Disposition of most of the drugs relies on the 
functioning of the liver, which may be altered to 
varying extent in hepatic dysfunction. In order to 
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understand the effect of hepatic impairment on 
drug xenobiotics, it is prudent to understand the 
basic role of the liver in metabolism as well as the 
factors affecting liver metabolism. The liver is 
the most metabolically active tissue in the human 
body. At physiological pH, most of the therapeu-
tic agents are non-ionized or partially ionized. 
They undergo reactions in a phased manner 
which converts them into polar substances, which 
may then be excreted from the body. The endo-
plasmic reticulum of the hepatocytes is the major 
site of this biotransformation of drugs. It is abun-
dant in microsomes, which contains the enzymes 
necessary for this process. The cytochrome P450 
(CYP) system is one such membrane-bound oxi-
dative enzymatic system, which is essentially a 
heme-containing protein [2]. The iron in this 
heme protein is the active site for binding with 
the drugs, which then undergo a series of reac-
tions ultimately leading to the metabolism of the 
therapeutic substance. The human genome 
sequencing revealed the presence of 58 genes 
coding for the CYP proteins, and these genes are 
polymorphic in nature. These genetic polymor-
phisms are responsible for significant variations 
in drug metabolisms between individuals [3]. 
Many isoenzymes of the cytochrome P-450 exist, 
which have different activities, different tissue 
distribution, and variable drug affinities [4, 5]. 
Drugs undergo phase 1 and phase 2 reactions, 
either sequentially or only one and subsequently 
are excreted by transporters which are present on 
the membranes of canaliculi or hepatic sinusoids. 
This transport via canaliculi is often termed as 
the phase 3 reactions of xenobiotics [6].

Phase 1 reactions are essentially functional-
ization reactions. Lipophilic molecules undergo 
oxidation, reduction, or hydrolysis reactions via 
the mixed function oxygenases and are converted 
into hydrophilic moieties. Oxidation reaction 
involves insertion of a single molecule of oxygen 
within the parent compound. Examples of oxida-
tive reactions include deamination, hydroxyl-
ation, dealkylation, dehalogenation, and 
epoxidation. This phase is also responsible for 
the generation of electrophilic substances and 
toxic-free radicals which may lead to cellular 
injury.

In phase 2 reactions, a parent drug can undergo 
phase 2 reactions directly or after it has been pro-
cessed via the phase 1 pathway. These reactions 
are popularly termed as the “conjugation” reac-
tions. These are responsible for addition of a 
polar ligand such as glucuronide, sulfate, gluta-
thione, methyl group, acetate etc. Conjugation 
reactions occur within the cytosol of the hepato-
cytes and are mediated by transferases—enzymes 
which transfer the conjugating polar ligand to the 
compound undergoing the biotransformation [7].

Phase 3 reactions are responsible for the trans-
port of the end products of metabolism into the 
bile [7]. These transporters are termed as ATP-
binding cassettes (ABCs) [8]. The drug transport 
is mediated by ATP-hydrolysis, hence the name. 
The clinically important ABCs include the 
P-glycoprotein, the Bile Salt Exporter protein 
(BSEP), and the Multidrug Resistant proteins 
(MRP). The genes encoding for these transporter 
proteins are also susceptible to genetic polymor-
phisms, and variations of these proteins may 
play a role in the development of adverse drugs 
reactions as well as drug-drug interactions [9]. 
Some drugs are excreted in the bile initially but 
are reabsorbed from the small intestine—a phe-
nomenon termed as “enterohepatic circulation” 
[10]. Enterohepatic circulation may lead to pro-
longed duration of actions of some drugs. 
Enterohepatic circulation may alter the bioavail-
ability, volume of distribution, and clearance of a 
given drug. Furthermore, the liver being one of 
the important sites of first-pass metabolism, the 
amount of drug available at the receptor site is 
ultimately dependent on the functioning of the 
liver in case of drugs which have a high first-pass 
metabolism [11].

Hepatic drug clearance is defined as the vol-
ume of blood from which a drug is removed 
entirely by the liver per unit time. This is 
depended on two factors—the hepatic blood flow 
and the hepatic extraction ratio (Clearance = Blood 
flow × Extraction ratio) [12, 13]. Hepatic extrac-
tion ratio is the fraction of the drug which is 
“extracted” or removed during one pass of blood 
through the liver [14]. This is governed by the 
amount of unbound drug available and the intrin-
sic clearance of the liver. The effect of the hepatic 

A. Pande et al.



65

blood flow on clearance of the drug depends on 
its hepatic extraction ratio. With increases in the 
blood flow to the liver, the extraction ratio 
declines for all drugs. Since the extraction ratio 
also depends on the amount of unbound drug 
available to the hepatocytes, the extraction ratio 
is also affected by the protein binding. Increasing 
hepatic blood flow causes a more rapid fall in the 
extraction ratios of drugs with low intrinsic clear-
ance. On the basis of the efficiency of the liver in 
removing substances from the circulation, the 
extraction ratio is classified as high when it is 
more than 0.7 and low when it is less than 0.3. An 
extraction ratio of 0.3–0.7 is termed as intermedi-
ate. The hepatic clearance of drugs with high 
extraction ratios is limited by the blood flow and 
is indifferent to alterations in enzymatic activity 
or drug binding.

5.4	� Consequences of Liver 
Disease on Pharmacokinetics

Pharmacokinetics of a drug broadly consists of 
drug absorption, distribution, and metabolism. 
The ability of the liver to metabolize a drug is 
dependent on both—hepatic blood flow and the 
enzymatic activity of the liver enzyme [15]. 
Hepatic dysfunction would impact both ulti-
mately altering the drug disposition and its thera-
peutic effect. In hepatic dysfunction, both the 
hepatic blood flow and the activity of the cyto-
chrome P-450 enzymes may be altered, and the 
effect of the two together may be synergistic. 
Acute liver insults primarily effect the hepatic 
blood flow while chronic liver diseases usually 
involve the enzymatic systems of the liver.

5.5	� Drug Absorption

Patients with liver impairment have co-existing 
gastrointestinal dysfunction. Cirrhotic patients 
are known to have altered intestinal permeabil-
ity which may have a bearing on the absorption 

of orally administered drugs [16]. Furthermore, 
patients with severe hepatic dysfunction also 
exhibit delayed gastric emptying and abnormal 
intestinal motility which may influence the 
absorption of drugs administered enterally [17, 
18]. The liver being the major determinant of 
the pre-systemic metabolism, drugs which are 
subjected to a high first-pass metabolism are 
invariably affected. However, this would not be 
applicable to drugs with low extraction ratio as 
the fraction of these drugs that is taken up by 
the liver from the blood during a single pass is 
already insignificant. Liver cirrhosis may lead 
to reduced activity of the enzymes involved in 
the first-pass metabolism. This in conjunction 
with portosystemic shunts would lead to 
reduced first-pass metabolism, thereby increas-
ing the bioavailability of the drugs. Furthermore, 
in cirrhosis, there would be a decline in the 
clearance of the “flow-limited” drugs, thereby 
increasing the concentration of these drugs sub-
stantially. Therefore, such drugs need to have 
their dose modified in patients with hepatic 
dysfunction [19]. A classic example of this 
would be reduced oral dosing of labetalol and 
carvedilol in patients with liver cirrhosis due to 
decreased first-pass metabolism and reduced 
clearance [20, 21]. Another example is mid-
azolam which has an oral bioavailability rang-
ing from 34% to 68% as it is dose-dependent 
[22]. It undergoes first-pass metabolism by 
CYP3A enzymes and is 95% plasma protein 
bound. In advanced liver disease, there is more 
unbound form of the drug available due to 
reduced protein binding, greater oral bioavail-
ability due to reduced pre-systemic metabo-
lism, and increased half-life due to reduced 
clearance [23]. Pre-systemic metabolism is the 
major determinant of the oral bioavailability of 
midazolam. Gorski et al. showed that interindi-
vidual variations in the first-pass extraction of 
drugs such as midazolam which have a very 
high affinity for the CYP3A enzyme are basi-
cally a function of the intestinal enzyme activ-
ity [24].
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5.6	� Plasma Protein Binding 
and Drug Distribution

The distribution of a therapeutic substance 
within the body depends on the fraction of 
unbound form available. This in turn depends 
upon the binding of the drug in a reversible 
fashion with various macromolecules like blood 
cells and plasma proteins. The unbound fraction 
of drugs which have a high plasma protein bind-
ing to albumin or alpha-1 glycoprotein may 
change in advanced hepatic impairment. The 
reduced plasma protein binding may be multi-
factorial in origin—due to reduced protein syn-
thesis, due to synthesis of altered proteins in 
liver disease, and due to presence of endogenous 
inhibitors of plasma protein binding like ele-
vated bilirubin [25]. Increased unbound fraction 
due to reduced binding to plasma proteins may 
in turn affect the volume of distribution of these 
drugs. Increased unbound fraction is also the 
fraction which being pharmacologically active 
is cleared more rapidly through the liver or kid-
ney. Therefore, hypoproteinemic patients may 
have increased proportion of drug which distrib-
utes into the tissues and does not stay within the 
circulation, thereby decreasing its therapeutic 
levels.

Liver cirrhosis predisposes the patient to 
development of anasarca—particularly ascites. 
This would significantly increase the volume of 
distribution of hydrophilic agents. For these 
drugs, in case a rapid action is desired, it may be 
achieved by increasing the loading doses as is 
seen in the case of antimicrobials belonging to 
beta-lactam and aminoglycoside classes [26]. 
Simultaneously, the increased volume of distri-
bution translates into increased elimination half-
life of the drug [27]. This increased half-life 
predisposes to the development of drug toxicity 
due to accumulation [14].

All these factors help in understanding the 
possible influence of hepatic dysfunction on drug 
pharmacokinetics but, owing to the variable 
extent of liver impairment and change in the 
pharmacodynamics of the drug as well along 
with extrahepatic mechanisms, contribute to an 

unpredictable drug effect and complicate the 
drug dose adjustments in patients with liver 
dysfunction.

5.7	� Metabolism

The intrinsic hepatic clearance is primarily regu-
lated by two factors—the efficacy of the hepatic 
enzymatic systems and the activity of the trans-
porter proteins present in hepatic sinusoidal and 
canalicular membranes. Intrinsic hepatic clear-
ance could be defined as the capability of the 
liver to remove unbound fraction of a drug from 
the blood in the absence of any blood flow limita-
tions [7, 13]. However, with the onset of liver cir-
rhosis, even the blood flow to the liver gets 
impeded. This results in reduced presentation of 
the drugs to the liver, and drugs which predomi-
nantly dependent on hepatic clearance would be 
prone to accumulation.

Of the various pathways of drug metabolism, 
some are more affected than the others in liver 
disease. With the loss of functionally intact hepa-
tocytes in liver disease, the synthesis of enzymes 
is also reduced. The cytochrome (CYP) mixed 
function oxygenases are affected more than those 
involved in the phase 2 reactions of the metabo-
lism in an inconsistent and nonuniform way not 
in correlation with the hepatic blood flow [28].

Caffeine being completely metabolized by the 
hepatic CYP1A2 is used as a probe to evaluate the 
decline in the activity of this enzyme in hepatic 
derangements [29]. Furthermore, it has been dem-
onstrated that the extent of hepatic impairment 
correlates well with the degree of decline in the 
activity of this enzyme [30]. Similarly, coumarin 
is utilized as a metabolic probe for evaluating the 
activity of the CYP2A6 which hydroxylates the 
parent compound [31]. After oral administration 
of coumarin, decreased urinary concentration of 
the hydroxylated metabolite was observed in 
patients with liver cirrhosis, which inversely cor-
related with their Child-Pugh scores [32]. Four 
isoenzymes have been identified in the CYP2C 
class which include CYP2C8, CYP2C9, 
CYP2C10, and CYP2C19. Metabolic probes for 
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CYP2C9 and CYP2C10 include Irbesartan, tolbu-
tamide, and mephenytoin [33]. The study with 
these probes revealed that CYP2C9 is not affected 
significantly in patients with hepatic impairment. 
Mephenytoin is a racemic drug—with 
R-enantiomer being metabolized by the CYP2C9 
and the S-enantiomer being metabolized by the 
CYP2C19 [34]. After oral administration of 
mephenytoin to patients with liver cirrhosis, there 
was a simultaneous decrease in oral clearance of 
its S-enantiomer along with reduced urinary 
excretion of its hydroxylated metabolite [35]. 
Again, this decline was associated with the extent 
of liver disease with patients with moderate cir-
rhosis exhibiting greater reductions in their clear-
ance. The specific probe for evaluating CYP2D6 
is debrisoquine. When the same group of patients 
were administered debrisoquine per orally, the 
metabolism was not altered significantly in 
hepatic impairment [35]. This further corrobo-
rates the fact that various enzyme systems are 
altered to varying extent in hepatic impairment, 
and extrapolating this knowledge to clinical cir-
cumstances may be very intricate. CYP3A activ-
ity is also reduced to varying extents in patients 
with liver disease—reduction of up to 30–50% 
has been reported in patients with nonalcoholic 
fatty liver disease [36]. Many drugs have been 
used as probes for this particular enzyme—com-
monly used one being MEGX (monoethylgly-
cinexylidide) [37]. Huang YS injected intravenous 
lignocaine to patients with liver cirrhosis and 
chronic hepatitis and measured the concentration 
of its metabolite—MEGX.  They found that the 
serum MEGX concentrations were inversely pro-
portional to the Child-Pugh severity [38].

Subsequently a “sequential progressive model 
of hepatic dysfunction” was suggested [14, 29]. 
This model used the activity of various CYP 
enzymes to assess qualitative hepatic impair-
ment. This model suggests that in mild degrees of 
hepatic impairment, only the activity of CYP2C19 
will be impaired and the metabolites of CYP1A2, 
CYP2D6, and CYP2E1 would remain unaltered. 
But with progressive hepatic dysfunction as seen 
in decompensated cirrhotics, the clearance of 
drugs by all of these would be hampered. With 
intermediate level of liver dysfunction, the clear-

ances would be dependent upon the extent to 
which the enzyme systems are affected. It is also 
important to remember that most of the genes 
coding for these enzymes are polymorphic in 
nature, and interindividual variation would be 
present to varying extents in patients with liver 
disease as well as healthy individuals [3].

That the impact of liver disease is primarily on 
the mixed function oxygenases or the phase 1 
reactions and phase 2 reactions are not affected 
significantly is demonstrated by the clearance of 
various benzodiazepines. Midazolam and diaze-
pam undergo phase 1 metabolism and their clear-
ance is affected, whereas oxazepam, temazepam, 
and lorazepam undergo glucuronidation directly 
(phase 2 metabolism) and their clearance is not 
decreased in patients with liver cirrhosis [22, 39, 
40]. The selective sparing of glucuronidation in 
liver dysfunction may be partially explained by 
upregulation of this enzyme in patients with liver 
disease, or by increased extrahepatic glucuroni-
dation [41, 42]. However, of late this theory has 
also been questioned as patients with end-stage 
liver disease demonstrated impaired glucuronida-
tion of many drugs including morphine, oxaze-
pam, mycophenolate among others [43]. But the 
plausible explanation of this is that genetic poly-
morphism is seen in genes coding for UDP-
glucuronyltransferases and various isoforms of 
this enzyme have also been identified [44]. 
Another possibility is that different isoforms of 
this enzyme may be affected to different extents 
in liver injury [45, 46].

Apart from enzyme inhibition, even enzyme 
induction may be altered in patients with liver 
disease. However, the number of human studies 
performed in this regard is limited, and animal 
studies conclude that the inducibility of enzymes 
would be affected both by the type of isoform 
under question and the nuclear receptor being 
evaluated [47].

The effect of transporter proteins on the dispo-
sition of drugs metabolized by the liver has been 
researched recently. The transported proteins are 
responsible for substances within the hepato-
cytes, as well as their efflux against a concentra-
tion gradient into the bile by ATP hydrolysis [8]. 
Due to fibrosis occurring within the space of 
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Disse in liver cirrhosis, the microvascular bed of 
the liver is occluded which impairs the uptake of 
macromolecules and drugs into the hepatocytes. 
This would be more applicable to drugs which 
are highly plasma protein bound as is seen in the 
case of propranolol [48]. Liver biopsy samples of 
patients with nonalcoholic steatohepatitis 
revealed altered expression and internalization of 
some of the transporter proteins which can pos-
sibly impair elimination of drugs predisposing 
the patient to adverse drug reactions [49].

5.8	� Biliary Excretion

Cholestasis may be intra- or extrahepatic in 
nature. Intrahepatic cholestasis occurs due to 
functional impairment of the canalicular trans-
port mechanisms. This is seen in cases of drugs 
like erythromycin and phenothiazines [50, 51]. 
Due to reduced secretion of bile, the elimination 
of drugs by the hepatobiliary route will decline, 
which has been observed in patients undergoing 
surgery for common biliary duct obstruction 
[52]. These patients demonstrated decreased bili-
ary secretion of beta-lactams antibiotics, 
clindamycin, cephalosporins, and ciprofloxacin. 
Cholestasis may predispose to drug accumulation 
of such drugs. Additionally, the accumulation of 
these drugs may also indirectly lead to hepato-
cyte injury further aggravating the liver damage 
[53]. Simultaneously, cholestasis also has an 
inhibitory effect on some liver enzymes like the 
CYP2C and CYP2E1—thereby necessitating 
dose modification of drugs metabolized by these 
pathways in patients with cholestasis [54]. 
Pharmacokinetics of antineoplastic agents has 
been studied extensively in patients with cho-
lestasis and dose adjustment for vinca alkaloids 
and doxorubicin is suggested in accordance with 
the bilirubin levels [55].

5.9	� Drugs Undergoing Renal 
Excretion

Hepatorenal syndrome is a type of functional 
renal failure complicating the course of disease 
of patients with end-stage liver disease. It occurs 

due to abnormal circulatory and neurohormonal 
mechanisms. Splanchnic vasodilation mediated 
by nitric oxide and other vasodilators leads to 
reduced effective blood volume. This reduced 
effective blood volume leads to activation of the 
renin-angiotensin-aldosterone system (RAAS), 
release of arginine vasopressin, and stimulation 
of sympathetic nervous system. These neurohor-
monal vasoconstrictors increase the renal vaso-
motor tone leading to a dramatic decline in the 
glomerular filtration rate which leads to the 
pathogenesis of the hepatorenal syndrome [56]. 
Reduced renal excretion of some drugs which 
are otherwise excreted in an unchanged form by 
the kidneys has been reported in patients with 
decompensated liver cirrhosis—examples 
include diuretics and levetiracetam [57, 58]. The 
creatinine clearance estimated by the Cockcroft-
Gault equation is also inaccurate due to cachexia 
in patients with cirrhosis as well as due to 
impaired creatinine synthesis; and cystatin-c 
may be a better marker in this cohort of patients 
[59, 60]. Thus, it would be prudent to remember 
that even drugs undergoing renal elimination 
may require dose modifications while adminis-
tering them to a patient with severe hepatic 
insufficiency.

5.10	� Consequences  
of Liver Disease 
on Pharmacodynamics

Pharmacokinetics and pharmacodynamics are 
not isolated processes and in clinical practice, 
both are inter-related and influence each other. 
Plasma protein binding has a significant effect on 
the pharmacodynamics of any drug as ultimately 
it is the unbound fraction which exerts pharmaco-
logical effects. Nonetheless, a significant number 
of alterations in drug effects are observed in 
patients with cirrhosis which cannot be explained 
by changes in pharmacokinetics alone. This devi-
ation in drug behavior may be explained by 
altered receptor interactions, altered receptor 
affinity, and transformed intrinsic activity in dis-
eased states. However, this is insufficient research 
on pharmacodynamic deviations in hepatic 
insufficiency. Altered receptor sensitivity is com-
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monly observed in patients with liver disease. 
The two organ systems specifically prone to 
pharmacodynamic alteration include the brain 
and the kidney [15]. Patients with moderate to 
severe degrees of hepatic insufficiency are more 
sensitive to the psychoactive actions of opioids 
and benzodiazepines [61, 62]. Benzodiazepines 
and opioids are common precipitating factors of 
hepatic encephalopathy in patients with severe 
liver disease [63]. The concurrent administration 
of more than one class of sedative agents may 
therefore be hazardous to patients with signifi-
cant liver pathology. Increased number of GABA 
receptors, altered GABA-ergic tone, and 
increased permeability to the blood-brain barrier 
are the postulated mechanisms of increased sen-
sitivity to these agents. Accumulation of endoge-
nous GABA-mimetic agents in patients with 
hepatic decompensation may also play a role as 
patients with hepatic encephalopathy demon-
strate neurological improvement with the admin-
istration of flumazenil [64].

The response to diuretics in a cirrhotic patient 
is not so well elucidated. Diuretic resistance has 
been observed commonly in patients with cirrho-
sis—more so with furosemide [65]. When com-
pared to healthy population, cirrhotics require a 
greater diuretic concentration to excrete similar 
amount of sodium. This alteration in their natri-
uretic potency could be due to reduced number 
of nephrons as well as due to the extent of 
response of each nephron to diuretic [66, 67]. 
Diuretic use in patients of cirrhotic ascites has 
also been associated with the development of 
hepatorenal syndrome [56]. The nephrotoxicity 
of aminoglycoside group of antibiotics is also 
enhanced in patients with severe liver derange-
ments—the plausible explanation of this phe-
nomenon being altered pharmacodynamics [68]. 
Cirrhotics are more prone to the renal toxicity of 
nonsteroidal anti-inflammatory drugs than the 
usual population [69]. Not only can they precipi-
tate acute renal failure in these patients, but they 
can also cause gastrointestinal bleed, thereby pre-
disposing the patient to development of hepatic 
encephalopathy.

The therapeutic effect of beta blockers is 
attenuated in patients with ascites and cirrhosis. 

Cirrhotic patients exhibit downregulation of beta-
adrenergic receptors which is also implicated in 
the development of cirrhotic cardiomyopathy 
[70]. It may be surmised that advanced liver dis-
ease results in reduced sensitivity of the beta-
adrenergic receptors as is observed in the case of 
propranolol [71].

5.11	� Assessment of Liver Function

The functional impairment of liver is difficult to 
assess. Various scores have been suggested to this 
effect [72]. The Child-Pugh scoring system is one 
such widely accepted tool which is used to assess 
the prognosis of chronic liver disease—specifi-
cally liver cirrhosis [73]. It incorporates five clini-
cal variables which are assigned into three risk 
levels—and the final score is amalgamated into 
three clinical classes. The Child-Pugh score has 
been validated for prediction of mortality in 
patients with liver cirrhosis undergoing surgery 
[74]. It has also been validated as a prediction tool 
for survival in nonsurgical cirrhotic patients [75].

5.12	� Child-Pugh Scoring System

Clinical/
biochemical 
indicator Score 1 Score 2 Score 3
Serum bilirubin 
(mg/dL)

<2 2–3 >3

Serum albumin 
(g/dL)

>3.5 3.5–2.8 <2.8

Prothrombin 
time (s > control)

<4 4–6 >6

Encephalopathy 
grade

Absent 1 or 2 3 or 4

Ascites Absent Slight Moderate

Total score according to severity is classified as:

•	 Group A—Mild—Total score of 5–6
•	 Group B—Moderate—Total score of 7–9
•	 Group C—Severe—Total score of 10–15

The MELD (Model for End-stage Liver 
Disease) score has also been used to prognosti-
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cate patients with liver cirrhosis. It comprises 
bilirubin concentration, serum creatinine values, 
coagulation parameter in the form of INR 
(International Normalized Ratio), and the cause 
of cirrhosis. The original score was used to pre-
dict 3-month survival in cirrhotics [76]. 
Subsequently the etiology of liver disease was 
dropped from the score as it was spurious or mul-
tifactorial in many patients [77]. Due to its accu-
racy in predicting short-term survival in chronic 
liver disease, it was adopted for use in prioritiz-
ing patients awaiting orthotopic hepatic trans-
plantation. Subsequently the MELD-Na or the 
MELD-sodium score was developed to include 
serum sodium which is a marker of the severity 
of liver cirrhosis [78].

Dynamic tests to assess the liver function to 
predict the effect of various drugs in liver disease 
have also been suggested [79]. These tests involve 
administration of an exogenous substance which 
depends solely on the liver for its elimination. 
The concentration of the exogenous substrate in 
blood or of its metabolite in urine, serum, or 
exhaled breath is measured. The exogenous sub-
strates with high extraction ratios would be flow-
limited and those with low extraction ratios 
would be capacity-limited. These test compounds 
with high extraction ratio include indocyanine 
green (ICG), sorbitol, and galactose [80–82]. 
Co-administration of indocyanine green and sor-
bitol helps in approximating the extent of hepatic 
sinusoidal shunting [83]. The metabolic elimina-
tion of caffeine, midazolam, and antipyrine is 
exclusively dependent on the CYP isoenzymes 
and is not affected by hepatic blood flow or por-
tosystemic shunting. These tests constitute 
“Dynamic Liver Function” tests and can be used 
to evaluate the metabolic hepatocellular dysfunc-
tion. Caffeine being primarily metabolized by the 
CYP1A2, the ratio of caffeine metabolite parax-
anthine to caffeine is reduced in patients with 
liver disease in linear correlation with Child-
Pugh scores [28, 84].

Breath tests have been used to assess the 
hepatic mitochondrial function [85]. The test 
compound in these tests incorporates isotopes 
of carbon—a 14C atom or a 13C atom which 
undergoes metabolism and the amount of the 
isotope is measured in the exhaled breath [86]. 

The 14C-erythromycin breath test and 
13C-Methacetin breath tests are a few tests 
which have been used in research practice for 
this purpose [87–89]. More recently, nuclear 
imaging techniques have been suggested for the 
assessment of dynamic liver function [90]. 
99mTechnetium labeled iminodiacetic acid (IDA) 
is frequently employed for this technique. 
These scintigraphic techniques provide infor-
mation about global and regional hepatic blood 
flow and functioning. The liver is the sole site 
for 99mTc galactosyl human albumin (GSA), 
thereby making it a suitable agent to assess 
hepatic function [91]. Its uptake is not influence 
by elevated bilirubin concentration further pro-
moting its applicability in cholestatic liver 
pathologies also.

The results of dynamic tests for liver function 
exhibit a linear correlation with the severity of 
Child-Pugh classification. However, these tests 
are not widely used in clinical practice owing to 
cost implications and requirement of specialized 
assessment techniques which may not be avail-
able in out of research situation. Furthermore, no 
test has been designated as the “gold standard” of 
dynamic liver function which is analogous to cre-
atinine clearance in renal pathologies. The need 
of the hour is to develop such a dynamic test 
which measures the residual eliminating capacity 
of the diseased liver so that the drug dose modifi-
cation could be done accordingly. Hence, clinical 
methods rely on the more readily available scor-
ing systems like the Child-Pugh system to decide 
the dosage of drugs in hepatic disease. In such 
circumstances, due to lack of a model predicting 
dose modifications in hepatic insufficiency, ther-
apeutic drug monitoring may be suggested for 
drugs with narrow therapeutic index [92]. This 
would be beneficial particularly when sicker 
patients may be exposed to a number of drugs, 
thereby increasing the potential for drug-drug 
interactions as well which cannot be predicted by 
a simplified pharmacokinetic-pharmacodynamic 
interaction model in diseased state [93]. 
Furthermore, despite recommendation by the 
US-FDA (Food and Drugs Administration) and 
the EMA (European Medical Agency), informa-
tion about altered pharmacokinetics in liver dis-
ease is lacking [94]. Therefore, safe administration 
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and optimal usage of drugs in hepatic insuffi-
ciency may be guided by therapeutic drug 
monitoring.

5.13	� Conclusion

•	 Liver cirrhosis is characterized by reduced 
hepatic blood flow, portosystemic shunting of 
blood, decreased number and activity of func-
tional hepatocytes, and hepatic sinusoidal 
capillarization.

•	 Liver disease reduces the pre-systemic metab-
olism, thereby warranting a dose reduction of 
drugs administered orally.

•	 Reduced uptake of drugs may occur into the 
liver due to reduced hepatic blood flow in 
patients with liver cirrhosis.

•	 Drugs with high extraction ratios are blood 
flow-limited and are insensitive to plasma pro-
tein binding or enzyme activity.

•	 Drugs with low extraction ratios are enzyme 
activity-limited and are dependent on protein 
binding along with intrinsic hepatic clearance.

•	 Drug metabolizing enzymes are not only 
polymorphic in nature accounting for the 
interindividual variations but are also affected 
differentially in liver disease.

•	 Volume of distribution of polar drugs may be 
altered in liver disease due to ascites and ana-
sarca. This should be accounted for, particu-
larly while administering loading doses of 
drugs like antimicrobials.

•	 Creatinine clearance is not a reliable marker 
for glomerular filtration in patients with 
hepatic pathologies as it overestimates the 
GFR.

•	 End-stage liver disease patients may be suffer-
ing from hepatorenal syndrome in which the 
excretion of the renally eliminated drugs will 
also be hampered, thereby necessitating 
appropriate dose adjustments for this 
phenomenon.

•	 The interplay between pharmacokinetic and 
pharmacodynamic interactions is complex, 
heterogenous, unpredictable, and drug spe-
cific; hence estimation of drug dose modifica-
tion becomes difficult.

•	 Extreme vigilance is warranted while pre-
scribing drugs with narrow therapeutic index 
to patients with severe degrees of hepatic 
insufficiency.

•	 Therapeutic drug monitoring could be utilized 
in patients with severe liver disease to ensure 
adequate drug exposure along with avoidance 
of drug toxicity.

Key Points
•	 Drug disposition depends on adequate 

functioning of the liver as it is the major 
site for metabolism of endogenous as 
well as exogenous substrates.

•	 Pharmacokinetics refers to the series of 
processes that a drug undergoes to reach 
its fate in the body. Pharmacodynamics 
is the effect of the drug on the body.

•	 Various steps of drug metabolism 
include uptake of drugs in the liver, 
phase 1 and 2 reactions, and transport 
into the bile followed by elimination.

•	 The impairment of drug metabolism 
usually correlates well with the extent of 
hepatocellular damage.

•	 Liver disease may lead to reduced 
hepatic blood flow, flow diversion in the 
form of portosystemic anastomosis, 
reduced first-pass metabolism, reduced 
metabolism and clearance, altered secre-
tion, and prolonged half-life of drugs.

•	 Liver diseases are associated with varied 
and nonuniform reductions in activities 
of drug-metabolizing enzymes. Some 
enzymes are more affected than others.

•	 Pharmacodynamic alterations in liver 
disease are commonly manifested in the 
central nervous system and the kidney.

•	 Patients with end-stage liver disease 
may have concomitant renal dysfunc-
tion, necessitating dose adjustments for 
renally eliminated drugs as well.

•	 The complexities of the pharmacokinetic 
and pharmacodynamic interactions make 
it difficult to predict the therapeutic effect 
of drugs in diseased states.
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