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ABSTRACT

Ammonia  is  a  product  of  amino acid  metabolism that  accumulates  in  the  blood of

patients  with  cirrhosis  and  plays  a  pivotal  role  in  the  pathogenesis  of  hepatic

encephalopathy (HE).  Despite being one of the main drivers of brain dysfunction, for

many years international societies stated that increased blood ammonia does not add any

diagnostic, staging, or prognostic value for HE in patients with cirrhosis. Nonetheless,

in the last decades, evidence is emerging that supports the utility of ammonia for risk

stratification, but its role in guiding HE diagnosis, staging and treatment is unclear and

there is equipoise in its use in clinical practice. This review provides the latest evidence

on the value of ammonia as a biomarker in patients with cirrhosis. Although correct

measurement of ammonia requires disciplined sample collection, it provides extremely

useful clinical guidance for the diagnosis of HE, offers prognostic information and it

defines a therapeutic target. 

KEYWORDS

Ammonia, hepatic encephalopathy, cirrhosis, biomarker.

LAY SUMMARY

Ammonia is a product of amino acid metabolism that accumulates in blood of patients

with cirrhosis. It is one of the main drivers of hepatic encephalopathy (HE) but it is not

routinely used in clinical practice for diagnostic, staging, or prognostic purposes.  This

review aims to provide the latest evidence on the value of ammonia as a biomarker in

patients  with  cirrhosis  to  illustrate  its  clinical  utility  for  the  diagnosis  of  HE,  for

identification of patients at risk of developing overt HE and for personalised prevention

and treatment of HE. 

GRAPHICAL ABSTRACT
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Prognostic 
biomarker

Susceptibility 
or risk 

biomarker

Diagnostic 
biomarker

Surrogate 
biomarker

Companion 
or response 
biomarker

AMM-ULN*

Ammonia predicts:
1. Hepatic encephalopathy
2. Other-liver related complications
3. Organ failures
4. Death

Ammonia correlates with:
1. Severity of underlying liver disease
2. Number of organ failures

3. Portal hypertension
4. Systemic inflammation 

*Calibrated ammonia using the upper limit of normal Ammonia is useful for overt hepatic encephalopathy diagnosis

Ammonia is a therapeutic target and can 
be used for personalized prevention and 

treatment of hepatic encephalopathy

Introduction

Hepatic  encephalopathy  (HE)  is  a  complex  behavioural,  neuropsychiatric  and

neurodevelopmental disorder that occurs in about 30-80% of patients with cirrhosis (1-

2).  Worldwide,  there are  about  10 million people with decompensated  cirrhosis  and

about 30% of these patients will be hospitalised with confusion, disorientation or coma

(known as overt HE -OHE-) each year (3-4). Importantly, when patients with cirrhosis

develop  OHE,  they  are  prone  to  repeated  episodes  and  the  chance  of  complete

reversibility decreases, their health-related quality of life declines and the risk of death

is abruptly increased up to 20-30% at 1-year (5-6). Ammonia is a product of amino acid

metabolism that is known to accumulate in the blood of patients with cirrhosis due to

the reduced function of the urea cycle, which is uniquely located in the liver. In health,

its  circulating  levels  are  tightly  controlled  but  in  liver  disease,  hyperammonemia  is

commonly observed and recognized to play a pivotal role in the pathogenesis of HE (7).

It  is  involved  in  several  pathophysiological  processes  such  as  astrocytic  swelling,

astrocytic  senescence,  neuronal  cell  death,  neuroinflammation,  mitochondrial

dysfunction,  altered  cerebral  bioenergetics  impaired  glioneuronal  communication

resulting in neurological dysfunction (8-9). Despite being one of the main drivers of

brain dysfunction, for many years the European and the American Association for the

Study of the Liver (EASL and AASLD) stated that increased blood ammonia alone does
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not add any diagnostic, staging, or prognostic value for HE in patients with chronic liver

disease, but in case an ammonia level is checked in a patient with OHE and its levels are

normal, the diagnosis of HE is not clear (1). In relation to this, the new EASL clinical

guidelines  recommended  that  in  patients  with  delirium/encephalopathy  and  liver

disease, plasma ammonia measurement should be performed, as a normal value brings

the diagnosis of HE into question (2). In the last decades, evidence is emerging that

supports the utility of ammonia for risk stratification both in acutely decompensated

patients and clinically stable outpatients with cirrhosis (10-11). Nonetheless, its role in

guiding HE treatment is unclear and there is equipoise in its use in clinical practice. The

aim of the present narrative review is to provide the latest evidence on the value of

ammonia as a biomarker in patients with cirrhosis.

Ammonia for HE diagnosis

The value of ammonia for OHE diagnosis has been a matter of debate for many years.

EASL and AASLD recommend that patients with suspected HE should be subjected to

the same standard diagnostic evaluation as other patients with altered consciousness to

identify  alternative  or  additional  causes  of  neuropsychiatric  impairment  to  improve

diagnostic accuracy and the results of treatment (1-2). Comprehensive assessment of the

state  of  consciousness  might  include  imaging  modalities,  neurophysiological  and

neuropsychological tests and, biochemical measurements, in particular ammonia levels.

Many years ago, several studies showed that a normal blood ammonia level has a high

negative  predictive  value  (12,  13).  Therefore,  a  normal  ammonia  in  a  patient  with

cirrhosis and delirium should prompt renewed or further differential diagnostic work-up

for other causes of delirium. A study performed in  42 patients with cirrhosis,  27 with

HE and 15 without HE, and 9 controls without liver disease showed that all venous

ammonia (AUC: 0.90  0.03), arterial ammonia (AUC: 0.93  0.04) and pNH3 (AUC:

0.92   0.04)  present  an  excellent  accuracy  in  identifying  patients  with  HE  (12).

Nonetheless, some patients presented high ammonia levels with a normal mental status.

This discordance between ammonia levels and the neurological symptoms suggests the

possibility that factors other than ammonia play an important role in the pathogenesis of

HE and that  blood ammonia concentration may not  always be representative of  the

ammonia levels to which the brain is directly exposed. Given that HE is a diagnosis of

exclusion, the latest EASL guideline recommends measuring plasma ammonia levels for

HE diagnosis  with  a  high  level  of  evidence  and a  95% consensus  (2).  The role  of
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ammonia in identifying patients that have  minimal HE (mHE) o grade 1 HE  has not

been  assessed.  Figure  1  shows  a  proposed  algorithm  for  assessment  of  OHE  in

hospitalized patients with cirrhosis and optimize their management.

Ammonia for staging severity of HE 

Several studies showed a positive correlation between ammonia and the severity of HE.

In a prospective single-center cohort study with 121 hospitalized patients with cirrhosis,

the authors measured arterial and venous total ammonia, as well as arterial and venous

partial pressure of ammonia. They found that each of the four measures increased with

the severity of HE: arterial total  ammonia (rs=0.61,  p≤0.001), venous total  ammonia

(rs=0.56, p ≤0.001), arterial partial pressure of ammonia (rs=0.55, p≤0.001), and venous

partial pressure of ammonia (rs=0.52,  p ≤0.001) (14). The previously mentioned study

that included 42 patients with cirrhosis and 9 without liver disease also showed that

venous ammonia (r=0.56), arterial ammonia (r=0.76), pNH3 (r=0.75) were all correlated

with the severity of HE, concluding that there is little to be gained by measuring pNH3

or  arterial  ammonia  over  venous  ammonia.  Nonetheless,  there  were  considerable

overlap of the values observed in patients with differing degrees of HE (12). In a cohort

study that included 101 patients with acute-on-chronic liver failure (ACLF) requiring

admission  to  the  intensive  care  unit,  ammonia  levels  (μmol/L)  were 73±32,  91±26,

90±24  in  patients  with  HE  grade  0-1,  HE  2  and  HE  3-4, respectively  (p=0.02),

indicating that ammonia was elevated in OHE patients, but was not corelated with the

severity of HE (15). Therefore, although ammonia is generally elevated in patients with

OHE, its levels do not really correlate with the severity of HE and an isolated high

ammonia level does not always determine OHE diagnosis. Therefore, it is important to

note that the effect of ammonia on the brain may be conditioned by other factors such as

age, sodium levels, inflammation, infection or the use of neurotropic drugs (16).

Ammonia for staging severity of the underlying liver disease

Beyond  its  connection  with  HE,  ammonia  has  been  linked  to  the  severity  of  liver

disease  in  several  aspects.  In  the  outpatient  clinic,  a  prospective  multicenter  study

including 754 patients with cirrhosis, ammonia levels standardized to the upper-limit of

normal  for the reference laboratory (AMM-ULN)  exhibited higher levels in  patients

with more advanced stages of cirrhosis (0.9, 1.5, and 1.6 in Child-Turcotte-Pugh -CTP-

groups A, B, and C, respectively, and 1.0, 1.4, and 1.6 in MELD score groups ≤9, 9–12,
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and  ≥12,  respectively,  p<0.001),  with  a  positive  correlation  with  both  the  MELD

(r=0.22, p<0.001) and MELD-Na score (r=0.25, p<0.001). Moreover, AMM-ULN level

was  significantly  higher  in  decompensated  cirrhosis  (1.6)  compared  with  the

compensated  group  (0.9)  (p<0.001)  (17).  Similar  results  were  reported  in  various

studies  (14,  18-19).  In  a  retrospective,  single-centre  cohort  study  including  549

clinically stable outpatients with compensated advanced chronic liver disease, ammonia

also  exhibited  a  progressive  increase  across  different  clinical  stages  of  cirrhosis

(p<0.001) (18).

In hospitalized patients,  an elevated ammonia level  is  also associated with a  higher

frequency  of  organ  failures. In  a  cohort  study  including  312  patients  with  acute

decompensation (AD) or ACLF, the median level of arterial ammonia at admission was

higher in ACLF compared to AD patients (103 vs 86μmol/L, p<0.001).  In addition,

those with baseline ammonia levels ≥79.5µmol/L presented a higher proportion of brain

failure  (34.8  vs  11.0%,  p<0.001)  and  respiratory  failure  (28.1  vs  6.6%,  p<0.001)

compared with patients without hyperammonemia (20). In a study including 174 ACLF

patients based on the  Asian Pacific Association for the Study of the Liver (APASL)

definition,  an ammonia level  ≥89μmol/L was associated with a  higher  frequency of

cerebral failure (36.2% vs 5.2%, p< 0.001) and coagulation failure (39.7% vs 16.4%, p<

0.001).  This  study also  showed a  positive  correlation  between serum ammonia  and

ACLF grade (r=0.342, P<0.001) (21). 

In  terms  of  portal  hypertension,  higher  ammonia  levels  have  been  associated  with

increasing  hepatic  venous  pressure  gradients  (HVPG);  28.3μmol/L (24.0-37.1),  30.7

(22.0-35.8),  35.5  (26.8-46.0),  and  44.8  (33.8-59.6)  in  patients  with  HVPG  of  0-5

mmHg, 6-10 mmHg, 10-15 mmHg, and higher than 16 mmHg, respectively (18).  A

single-center cross-section study from Egypt including 359 patients with cirrhosis also

demonstrated a correlation between serum ammonia and esophageal varices (EV). The

optimal  cutoff  for  the  presence  of  EV was  >123  µg/dL (72.23μmol/L),  yielding  a

sensitivity and specificity of 70% and 92%, respectively, and an accuracy of 83.4%. An

ammonia cutoff value of >156 µg/dL (91.6μmol/L) was associated with high-risk EV

with a sensitivity, specificity and accuracy of 52.38%, 75.68%, and 64.2%, respectively

(22).  Similarly,  the  value  of  serum  ammonia  as  a  non-invasive  method  for  early

prediction of EV was confirmed in a more recent study, although with different crude
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ammonia cutoffs (23). Additionally, a single-center cross-sectional study involving 381

patients with HCV or hepatitis B virus (HBV)-related cirrhosis revealed that plasma

ammonia correlates with the presence and severity of portal hypertensive gastropathy

(PHG).  Cases  with  severe  PHG  had  significantly  higher  levels  of  blood  ammonia

(192.69 ± 59.87 vs.151.39 ± 54.37 μg/dL, p=0.026) (24).

Despite all the evidence correlating ammonia levels with severity of liver disease (Table

1), there are significant overlaps between different stages that challenges its role as a

biomarker for disease staging. However, the associations described here suggest that

ammonia  may  be  more  than  a  biomarker  and  may  independently  drive  organ

dysfunction as it is known to be cause of immune dysfunction, sarcopenia and liver

injury in patients with chronic liver disease.

Ammonia for guiding HE treatment

The first and most important aspect in the treatment of HE is the identification and

correction of precipitating causes, but, notably, in 30% of cases of HE, precipitating

factors are not identified (25). Specific treatment for HE has little prospect of success

without  management  of  precipitating  factors,  and  it  remains  unclear  whether  HE

specific  treatment  alone  improves  prognosis  (2).  It  is  generally  accepted  that

hyperammonemia  is  the  cardinal  pathogenic  factor  in  the  pathogenesis  of  HE.

Therefore, specific treatment strategies for HE aim to reduce ammonia levels by either

decreasing  ammonia  production  or  increasing  its  elimination.  Nonabsorbable

disaccharides (lactulose, lactitol), rifaximin, probiotics, fecal microbiota transplantation

aim to decrease ammonia production,  while Zinc,  Carnitine,  L-ornithine-L-aspartate,

metabolic  ammonia scavengers  (sodium benzoate,  glycerol  phenylbutyrate,  ornithine

phenylacetate) aim to increase elimination (26-27) (Figure 2). Nonetheless, in clinical

trials, patients are usually not categorized by hyperammonemia, which probably impacts

negatively in the development of new drugs considering that most of the therapies are

directed to reduce ammonia levels.  An example of this is the failure of a Phase 2b study

of  AST-120,  which  used  R-BANS,  a  neuropsychometric  test  to  select  patients  for

inclusion, which failed most likely due to the lack of an accurate biomarker for patient

selection (28). The failure of ornithine phenylacetate in a Phase 2b study was due to the

inclusion of patients in whom ammonia was normal. Removal of these patients from the
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subsequent post-hoc analyses, allowed the trial to demonstrate significant effect of the

drug on time to HE improvement (29). 

A similar situation is seen in clinical practice. Whereas a recent study demonstrated that

ammonia testing during hospitalization has increased significantly from 2007 to 2015,

and particularly in 2014 and 2015, these levels are not used for guiding HE treatment

(30-31). This was illustrated by a study performed on 1202 patients admitted to the

hospital  with  HE,  that  aimed  to  evaluate  the  impact  of  ammonia  levels  on  HE

management. The authors showed that ammonia levels were only measured in 46% of

patients, and that there was no difference in lactulose dose in patients with and without

elevated ammonia levels (p=0.42) (32). 

Based on the current evidence, ammonia is a useful companion and response biomarker

for personalized prevention and treatment of HE but further validation would add to

how ammonia can be used for this purpose in the real world. 

Ammonia as a prognostic biomarker in the outpatient setting

Until  recently  there  were  no  data  evaluating  the  role  of  ammonia  as  a  prognostic

biomarker in the outpatient population with cirrhosis. Most of the studies have been

developed  during  the  last  2-years.  A prospective  multicentre  study  including  754

clinically stable outpatients with cirrhosis from 3 liver units demonstrated that ammonia

was an independent predictor of hospitalisation due to not only HE but also other liver-

related complications and mortality.  Multivariable analysis  revealed that AMM-ULN

carried  greater  weight  than  any  other  prognostic  variable,  with  higher  predictive

accuracy than traditional severity scores such as Child-Pugh or MELD. An AMM-ULN

of 1.4 times was identified as the optimal cut-off to define the risk of hospitalization and

mortality (17). These results were validated in three external cohorts of 130 (17), 147

(33) and in 549 patients (18). In the latter  study, the authors also demonstrated that

venous  ammonia  predicts  hepatic  decompensation,  non-elective  liver-related

hospitalisation, ACLF and liver-related deaths, independently of established prognostic

indicators  including C-reactive  protein  and HVPG (18).  Therefore,  although venous

ammonia is linked with several key disease-driving mechanisms, its prognostic value is

not  explained  by  associated  hepatic  dysfunction,  systemic  inflammation,  or  portal

hypertension severity, suggesting direct toxicity. In relation to the prognostic value of
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ammonia, a recent study from China evaluated the discrimination and calibration of a

new prognostic model based on plasma ammonia replacing HE in the CTP score. The

authors demonstrated the feasibility and potential for plasma ammonia to enhance the

prognostication of transplant-free survival (34).

Despite all the new evidence supporting the role of ammonia in the prognosis of HE and

other-liver  related  complications  in  outpatients  with  cirrhosis,  it  is  not  routinely

measured,  nor  is  its  measurements  recommended  in  the  current  clinical  guidelines.

Rather, for prediction purposes, the  EASL and AASLD recommend that patients with

cirrhosis  should  be  evaluated  for  the  presence  of  mHE  using  neurophysiological,

neuropsychological or psychophysical tests, given that mHE has been described as a

condition that predisposes to OHE (1-2). However, a recent prospective-observational

study of 132 patients with cirrhosis compared six tests including psychometric hepatic

encephalopathy score (PHES), Animal Naming Test, Critical Flicker Frequency (CFF),

Inhibitory  Control  Test,  EncephalApp  and Continuous  Reaction  Time Test  for  their

predictive ability showing an overall limited value of these tests in predicting OHE and

no ability to predict rehospitalization or mortality (35). In addition, most clinicians do

not routinely use them because performance of the tests is time-consuming, requires

training,  are  not  reimbursed  and  the  tools  are  not  widely  available  (36).  A recent

prospective study aimed to determine the role of neuropsychological or psychophysical

tests  and  ammonia  for  risk  stratification  regarding  subsequent  OHE  development

demonstrated that, on multivariable analysis, AMM-ULN but not PHES or CFF was an

independent predictor for development of OHE. Using data from 3 European liver units

and  including  426  outpatients  with  cirrhosis  without  previous  OHE  episodes,  the

authors  developed  the  AMMON-OHE  model  that  included  sex,  diabetes,  albumin,

creatinine and AMM-ULN. This new model performed better than PHES, CFF and their

combination with other clinical  and biochemical  variables  and showed a C-index of

0.844 and 0.728 in two external validation cohorts of 267 and 381 patients.  Further

analyses of a subgroup of patients with previous OHE showed that the AMMON-OHE

model was also useful for the prediction of additional episodes of OHE. An online App

is  available  (https://ammon-ohe.shinyapps.io/ammon-ohe/)  for  clinical  use  (19).

Therefore, the AMMON-OHE model may be useful not only for prognosis but also for

the selection of patients for clinical trials or as a companion biomarker for the better use

of currently available drugs and development of future therapies. Figure 3 includes an
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algorithm based on the AMMON-OHE model to stratify the risk of OHE in clinically

stable outpatients with cirrhosis and optimize their management.  

Ammonia as a prognostic biomarker in the inpatient setting

In  last  decades,  several  studies  have  evaluated  the  prognostic  role  of  ammonia  in

patients  admitted  to  the  hospital  with  AD or  ACLF with  controversial  results.  In  a

retrospective single centre cohort study of 494 consecutive hospitalized patients (265

with  HE),  the  authors  demonstrated  that  an  elevated  ammonia  on  admission  was

associated with reduced 90-day transplant-free survival after adjusting for established

predictors and that patients with >60μmol/L had higher 90- and 30-day risk of death or

transplantation  (45.2%  vs.  31.2%,  p=0.001;  and  31.6%  vs  15.7%,  p<0.0001,

respectively)  (10).  Similarly,  a  prospective  multicentre  study  including  498  patients

admitted with an AD showed that ammonia was an independent predictor of 28-day

mortality (HR=1.009, p<0.001) and that an ammonia level ≥79.5 µmol/L was associated

with  a  higher  frequency  of  organ  failures  (liver  [p=0.004],  coagulation  [p<0.001],

kidney  [p=0.004],  and  respiratory  [p<0.001]).  In  addition,  lack  of  improvement  in

baseline ammonia at day 5 was associated with high mortality (70.6%) (11). In another

study  evaluating  the  dynamics  of  ammonia  levels  during  hospitalization  of  229

consecutive  patients  with  ACLF  and  83  patients  with  AD,  persistent  or  incident

hyperammonemia  was  associated  with  new-onset  organ  failure  involving  liver

(p=0.018),  kidney  (p=0.001),  brain  (p=0.005),  coagulation  (p=0.036),  circulation

(p=0.002), and respiratory (p=0.003) issues and had higher 28-day mortality (log-rank

test, p< 0.001) (20). A more recent study including 492 and 600 patients admitted to the

intensive care unit (ICU) in the derivation and validation cohorts, respectively, showed

that a model of serial ammonia between days 1 and 3 predicted hospital mortality with a

c-index of 0.73 and a Brier score=0.17 in the validation cohort (37). In addition, a study

of 101 ACLF patients admitted to the ICU with serial ammonia levels, jugular venous

oxygen saturation and white cell count at days 0, 1, 3 and 7, demonstrated that not only

deterioration  in  ammonia  but  also  in  inflammation  and  cerebral  oxygenation  are

predictive of mortality and that improvement in these parameters is associated with a

reduction HE grade (15). Four studies conducted using the APASL-ACLF definition

also confirmed that ammonia is correlated with organ failure and mortality, regardless of

the presence of HE (21, 38-40). The results of these studies highlight the importance of

ammonia measurement in the inpatient setting, not only as a prognostic biomarker, but
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also  as  a  therapeutic  target.  Table  2  summarizes  the  most  recent  evidence  for  the

importance of ammonia as a prognostic biomarker. 

Ammonia in extrahepatic complications associated with cirrhosis

Ammonia has been implicated in the pathogenesis of other liver-related complications.

Sarcopenia is one of the most frequent, with a prevalence of 40%-70%. It is associated

with poor prognosis and increased mortality both before and after liver transplantation

(LT) (41-42). In addition, a recent meta-analysis showed that sarcopenia is positively

associated with the presence of HE (OR 2.74; 95% CI 1.87-4.01) (43). In liver disease,

muscle plays a significant compensatory role in ammonia detoxification. This process

involves the enzyme glutamine synthetase, which converts glutamate to glutamine in the

presence  of  ammonia.  Muscle  loss  may  thereby  contribute  to  the  development  of

hyperammonemic  encephalopathy  (44-46).  On  the  anther  hand,  increasing  evidence

shows that high serum and muscle ammonia levels contribute to sarcopenia in cirrhosis.

The  possible  mechanism  includes  mediating  myostatin  transcription  and  expression

which  inhibits  skeletal  muscle  protein  synthesis,  mitochondrial  dysfunction  and

autophagy  (47-49). Thus,  hyperammonemia  leads  to  severe  muscle  damage  and

sarcopenia, which in turn restricts the ability of muscle to eliminate excess blood-borne

ammonia.  Ammonia-lowering therapies are implicated in breaking this  vicious cycle

and therefore might be a promising treatment target for sarcopenia (50-53).

Immune  dysfunction  is  another  important  feature  of  patients  with  cirrhosis,

characterized by systemic inflammation and immune deficiency (54). In patients with

cirrhosis, neutrophils exhibit increased oxidative burst and reduced phagocytic capacity

(55).  It  has  been  shown that  hyperammonemia  induces  neutrophil  swelling,  further

impairing their phagocytic activity (56-57). Increased spontaneous oxidative burst was

also  observed  in  canine  polymorphonuclear  cells  incubated  with  ammonia  (58).  A

previous  study  also  demonstrated  the  inhibitory  effect  of  ammonia  on  neutrophil

chemotaxis (59). Ammonia induced dendritic cell dysfunction was reported as well. In

vitro  experiments  showed  that  ammonia  diminished  dendritic  cells  (DC)  count,

phagocytosis  and  lymphocyte  stimulation.  Ammonia  also  induced  DC swelling  and

mitochondrial  dysfunction.  The  reduced  phagocytosis  function  of  DC  cells  was

confirmed  in  a  hyperammonemia  mice  model  (60).  More  recently,  a  clinical  study

showed  that  patients  with  OHE had  increased  risk  of  developing  a  new  infection.
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Although the authors hypothesized that this may be the result of brain dysfunction on

immune function, the role of ammonia cannot be excluded. Taken together, these results

suggest that treating hyperammonemia may improve immune dysfunction in patients

with cirrhosis (61).

Importance of correct ammonia measurements

It  is  important  to  highlight  that  ammonia  measurement  is  complex  and it  is  only

clinically  useful  if  measured  meticulously  using  standardized  protocols.  Ammonia

levels can be altered by exercise and diet. Therefore, it should not be measured for at

least 2-hours after strenuous exercise and 4 hours of a meal.  Furthermore, it requires

careful  sample handling in  cooled  EDTA tubes,  rapid transport  to  the laboratory  in

refrigerated conditions and standard laboratory assays. The values obtained are highly

variable  making it  difficult  to  compare  across  laboratories.  To account  for  different

‘normal ranges’ in ammonia levels in different laboratories, a new calibrated ammonia

level has been validated using the formula: serum ammonia / reference laboratory upper

limit of normal (AMM-ULN), to ensure uniformity and generalisability across hospitals

(62). 

Conclusion

In conclusion, although correct measurement of ammonia requires disciplined sample

collection and rapid transport to the laboratory, the measurement is widely available,

relatively  straightforward,  and  cheap.  As  discussed  in  this  review,  ammonia  offers

extremely useful prognostic information in both outpatients and acutely decompensated

patients with cirrhosis, provides clinical guidance for the diagnosis of HE and, more

importantly, it defines a therapeutic target for personalized medicine approaches (Table

3).  It  is  important  to  note  that  like every  other  biomarker  used  in  clinical  practice,

ammonia needs to be measured properly and interpretation of a given ammonia level

needs to be contextualised to the patient and the clinical situation.
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Figure  1. Proposed  algorithm  for  assessment  of  overt  hepatic  encephalopathy  in

hospitalized  patients  with  cirrhosis  (adapted  from  reference  9).  Measurement  of

ammonia levels in patients with neurological symptoms and normal CT scan is based on

the latest EASL guideline (2). Measurement of ammonia levels in patients hospitalized

without neurological symptoms is based on the current evidence for the importance of

ammonia as a prognostic biomarker (Table 2).  

Figure 2. Summary of the pathophysiological pathways that each therapy targets for the

treatment of hepatic encephalopathy. 

Figure 3. Proposed algorithm based on the AMMON-OHE model to stratify the risk of

overt hepatic encephalopathy in clinically stable outpatients with cirrhosis and optimize

their management.  
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Table 1. Selected recent studies summarizing the evidence of ammonia and severity of liver disease.

Study Study design Aim Main results 

Tranah TH et al. J

Hepatol, 2022

Prospective

observational  study  of

754  clinically  stable

outpatients with cirrhosis

To  test  if  severity  of

hyperammonaemia  is  a  risk  factor

for  liver-related  complications  in

clinically  stable  outpatients  with

cirrhosis

The mean value of AMM-ULN were 0.9, 1.5, and 1.6 in CTP groups A, B, and C

(p<0.001), and 1.0, 1.4, and 1.6 in MELD groups ≤9, 9–12, and ≥12 (p<0.001).

AMM-ULN correlated with both MELD and MELD-Na score (r=0.22, p<0.001)

(r=0.25,  p<0.001).  AMM-ULN  was  higher  in  decompensated  compared  with

compensated patients: 1.6 vs. 0.9 (p<0.001). 

Balcar  K  et  al.

JHEP Rep, 2023

Retrospective  study  of

549  clinically  stable

outpatients with cirrhosis

To investigate the prognostic value

of venous ammonia levels for liver-

related outcomes

AMM-ULN/AMM consistently increased with the CTP score (p<0.001), UNOS

MELD (2016) score (p<0.001), the severity of portal hypertension (p<0.001) and

across clinical stages (p<0.001)

Ballester  MP  et

al.  J  Hepatol,

2023. 

Multi-center  prospective

observational  study  of

426  outpatients  with

cirrhosis

To  determine  the  role  of

neuropsychological  or

psychophysical tests and ammonia,

and to develop a model to stratify

the risk of OHE development

AMM-ULN  correlated  with  CTP  categories  (p<0.001)  and  was  higher  for

decompensated compared with compensated patients (p<0.001)

Shalimar  et  al.

JGH Open, 2020.

Single  center,

retrospective  study  of

312  patients  with

cirrhosis  and  AD  and

ACLF

To evaluate the association between

the  dynamic  changes  of  ammonia

over the first 3 days after admission

and  the  development  of  organ

failure,  severity of  ACLF, and 28-

day outcomes

On day 1, the median ammonia levels were higher in ACLF compared with AD

patients (p<0.001).  Patients with hyperammonemia had a higher proportion of

brain failure  (p<0.001) and respiratory failure  (p<0.001) compared  to  patients

without hyperammonemia

Hu  C  et  al.  Sci

Rep, 2020.

Single center prospective

study  of  174  patients

with APASL-ACLF

To  determine  the  association

between ammonia level  and short‐

term prognosis 

An ammonia level ≥89μmol/L was associated with a higher frequency of organ

failure:  cerebral  (p<0.001)  and  coagulation  (p<0.001).  Ammonia  level  was

positively associated with ACLF grade (r=0.342, p<0.001). 
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Elzeftawy A et al.

Turk  J

Gastroenterol,

2019.

Single  center  cross-

sectional study, including

359  HCV  positive

cirrhotic patients

To find out if there was a possibility

to use ammonia levels to predict the

presence  of  esophageal  varices  or

high risk varices 

Blood  ammonia  was  higher  in  patients  with  esophageal  varices  than  without

(p<0.001).  The  best  cutoff  for  prediction  of  the  presence  of  varices  was

>123µg/dL,  yielding  a  sensitivity  and  specificity  of  70%  and  92%,  and  an

accuracy of 83.4%

Darweesh  SK  et

al.  Eur  J

Gastroenterol

2021

Prospective study of 204

patients  with  HCV

related cirrhosis

To  assess  the  value  of  serum

ammonia as a non-invasive method

for  early  prediction  of  esophageal

varices

Serum ammonia was higher with esophageal varices than without (p<0.0001) and

with large esophageal varices than small/without esophageal varices (p<0.0001).

Serum ammonia could predict the presence of esophageal varices using a cutoff

value of 82μmol/L with a sensitivity of 92.3%, specificity 92%

El-Kalla  F  et  al.

Gastroenterol  Res

Pract, 2018

Cross-sectional  study  of

381  patients  with  HCV

or HBV related cirrhosis

To  assess  the  relation  of  blood

ammonia  to  the  presence  and

severity of PHG

Blood ammonia was 162μg/dL, 153 and 103 among patients with PHG, patients

with  esophageal  varices  and  controls  (p=0.001).  Cases  with  severe  PHG had

higher  levels  of  blood  ammonia  (192.69±59.87  vs.151.39±54.37  μg/dL)

(p=0.026)

Abbreviations: acute decompensation (AD), acute-on-chronic liver failure (ACLF), ammonia upper limit of normal (AMM-ULN), Child-Turcotte-Pugh (CTP), clinical stages

(CS), compensated advanced chronic liver disease (cACLD),  hepatitis B virus (HBV), hepatitis C virus (HCV), overt hepatic encephalopathy (HE),  portal hypertensive

gastropathy (PHG)
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Table 2. Selected recent studies summarizing the evidence for the importance of ammonia as a prognostic biomarker

Study Aim Study Design Number of 
patients included

Main Results Conclusion

In the outpatient setting
Tranah TH et
al. J Hepatol,
2022

To test the hypothesis that 
severity of hyperammonaemia
is a risk factor for 
hospitalization with liver-
related complications 

Prospective 
multicentre study

754 clinically stable
outpatients in the 
main cohort and 
130 patients for 
validation

AMM-ULN was an independent predictor of both 
liver-related complications (p<0.001) and mortality 
(p<0.001). Statistical differences in survival were 
found between high and low levels of AMM-ULN 
both for complications and mortality (p<0.001) using
1.4 as the optimal cut-off

Ammonia is an 
independent predictor of 
hospitalisation with liver-
related complications and 
mortality 

Gairing SJ et 
al. J Hepatol,
2023

To analyze and validate the 
findings by Tranah et al

Single centre 
retrospective 
study

147 outpatients Frequency of liver-related hospitalization was higher 
in participants with ammonia levels above the ULN 
(9 of 19, 47.4%) than in those with ammonia levels 
below the ULN (16 of 128, 12.5%)

Ammonia can identify 
outpatients with cirrhosis 
at high-risk of liver-related
hospitalization

Balcar L et 
al. JHEP 
Rep, 2023

To investigate the prognostic 
value of venous ammonia 
levels for liver-related 
outcomes and its correlation 
with key disease-driving 
mechanisms

Single centre 
retrospective 
cohort

549 clinically stable
outpatients for aim 
I and partly 
overlapping cohort 
of 193 patients for 
aim II

Ammonia was associated with liver-related death (p=
0.044). AMM-ULN ≥1.4 was independently 
predictive of hepatic decompensation (p<0.001), 
non-elective liver-related hospitalisation (p=0.008), 
and - in those with decompensated cirrhosis ACLF 
(p=0.031). Venous ammonia was correlated with 
markers of endothelial dysfunction and liver 
fibrogenesis/matrix remodelling 

Venous ammonia predicts 
hepatic decompensation, 
non-elective liver-related 
hospitalisation, ACLF, and
liver-related death, 
independently of C-
reactive protein and HVPG

Want X et al.
QJM, 2023

To investigate the 
discrimination and calibration 
of a new prognostic model 
(aCTP) based on AMM-ULN 
replacing HE in the CTP score

Single centre 
retrospective 
study, prospective
validation

554 clinically stable
outpatients in the 
main cohort and 
185 patients for 
validation

The aCTP score showed better agreements between 
predicted and observed events in the validating 
cohorts than the CTP score (C-statistics: 0.75 and 
0.69, p<0.001). The aCTP score showed power to 
predict AD (C-statistics: 0.76) and ACLF (C-
statistics: 0.81)

The study demonstrates 
potential for plasma Amm 
replacing HE (aCTP) to 
enhance the 
prognostication of 
transplant-free survival 

Ballester MP
et al. J 
Hepatol, 
2023

To determine the role of 
neuropsychological or 
psychophysical tests and 
ammonia, and to develop a 
model (AMMON-OHE) to 
stratify the risk of subsequent 
OHE development in 
outpatients with cirrhosis

Prospective 
multicentre study

426 patients with 
cirrhosis without 
previous OHE for 
the main cohort and
2 cohorts of 267 
and 381 outpatients 
for validation

Significant differences were found in time-to-OHE 
with the highest risk in patients with abnormal PHES
plus high AMM-ULN (p<0.001). AMM-ULN but 
not PHES or CFF was an independent predictor of 
OHE occurrence (p=0.015). The AMMON-OHE 
model showed a C-index of 0.844 and 0.728 for the 
prediction of a first episode of OHE in two external 
validation cohorts

This study developed and 
validated the AMMON-
OHE model
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In the inpatient setting

Patwardhan 
VR et al. 
2016

To determine whether 
ammonia is associated with 
transplant-free survival in 
patients with AD and ACLF

Retrospective 
single centre 
cohort study

494 consecutive 
hospitalized 
patients (265 with 
HE)

Every doubling of ammonia was associated with 
hazard ratios of 1.22 and 1.21 for 90- and 30-day 
transplant or mortality. Patients with >60μmol/L had 
higher 90- and 30-day risk of death or transplantation
(p=0.001 and p<0.0001, respectively)

An elevated ammonia on 
admission was associated 
with reduced 90-day 
transplant-free survival 

Sawhney R 
et al. 2016

To determine the role of 
ammonia, inflammation, and 
cerebral oxygenation
in ACLF patients with and 
without HE

Prospective study.
Ammonia, JVO2 
and WBC were 
measured at days 
0, 1, 3, and 7

101 with ACLF 
admitted to the 
intensive care unit

Deterioration in inflammation, JVO2 and ammonia 
were predictive of mortality. JVO2 deviation and 
hyperammonemia were associated with the presence 
and severity of HE; improvement in these parameters
was associated with a reduction in HE grade

Ammonia, JVO2 and 
WBC were important 
prognostic biomarkers and 
therapeutic targets

Shalimar et 
al. 2019

To determine the relationship 
between ammonia and 
severity of HE and its 
association with organ 
dysfunction and short-term 
mortality

Prospective 
observational 
multicentre study

498 admitted with 
AD

Ammonia correlated with severity of HE (p<0.001) 
and was an independent predictor of 28-day mortality
(p<0.001). Ammonia ≥79.5 µmol/L was associated 
with a higher frequency of organ failures (liver 
[p=0.004], coagulation [p<0.001], kidney [p=0.004], 
and respiratory [p<0.001]). Lack of improvement in 
at day 5 was associated with high mortality (70.6%)

Ammonia correlated with 
severity of HE and failure 
of other organs and is a 
risk factor for mortality; 
lack of improvement in 
ammonia is associated 
with high risk of death

Shalimar et 
al. 2020

To assess the effect of 
persistent or incident 
hyperammonemia on organ 
failure and outcomes in AD 
and ACLF

Paired ammonia 
on day 1 and 3 of 
admission. 
Hyperammonemi
a was defined as 
≥79.5 μmol/L on 
day 3

229 consecutive 
admissions with 
ACLF and 83 with 
AD

Persistent or incident hyperammonemia was 
associated with new-onset organ failure involving 
liver (p=0.018), kidney (p=0.001), brain (p=0.005), 
coagulation (p=0.036), circulation (p=0.002), and 
respiratory (p=0.003) issues and had higher 28-day 
mortality (p<0.001)

Persistent or incident 
hyperammonemia during 
first 3 days of 
hospitalization in AD or 
ACLF was associated with
increased risk of organ 
failure and death

Hu C et al. 
2020

To determine the association 
between ammonia level and 
short-term prognosis in ACLF

ACLF according 
to the APASL 
definition 
(subanalyses in 
HBV reactivation)

174 with ACLF 
(106 with HBV 
reactivation)

Ammonia was higher in non survivors (p=0.013) and
was related to ACLF grade (p<0.001) and organ 
failure, including liver (p=0.048), coagulation 
(p<0.001) and brain (p<0.001). Ammonia was a 
prognostic factor in HBV induced ACLF 

Ammonia correlated with 
organ failure and was an 
independent risk factor for 
mortality in ACLF and 
HBV related ACLF

Verma N et 
al. 2021

To evaluate the dynamics of 
HE and ammonia estimation 
in ACLF

ACLF patients 
from the APASL-
ACLF Research 
Consortium

3009 ACLF, 1315 
(43.7%) with HE at 
presentation; grade 
I-II in 981 and III-
IV in 334

Ammonia was a predictor of HE occurrence, higher 
HE grades and 30-day mortality (p<0.05; each). The 
dynamic increase in ammonia over 7 days could 
predict non survivors and progression of HE (p<0.05;
each)

Ammonia was associated 
with the presence, severity 
and progression of HE and
mortality in ACLF

Chiriac S et 
al. 2021

To assess the role of venous 
ammonia in predicting the 

Retrospective 
observational 

446 with ACLF 
(34% grade I, 

Receiver operating characteristic analysis showed 
good accuracy for the prediction of IHM for 

Ammonia can be used as 
an inexpensive predictor of
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outcome of cirrhotic patients 
with ACLF

study. APASL 
ACLF criteria

37.2% grade II, 
23.5% grade III, 
and 5.3% grade IV)

ammonia (AUC=0.812). A cut-off of 152.5μmol/L 
was identified for mortality (sensitivity=0.706, 1-
specificity=0.190)

mortality in patients with 
ACLF

Cardoso F et 
al. 2023

To describe and assess the 
impact of serum ammonia 
variation in patients' outcomes

Retrospective 
observational 
study

492 and 600 
patients ≥18 years 
old admitted to the 
intensive care units

On ICU day 1, median ammonia was higher in 
patients with grade 3/4 HE than those with grade 2 or
grade 0/1 HE (p<0.001). Higher day 2 ammonia was 
associated with higher hospital mortality. In the 
validation cohort, serial ammonia (ICU days 1 and 3)
predicted hospital mortality (c-statistic=0.73)

Early serum ammonia 
variation was 
independently associated 
with hospital mortality

Thanapirom 
K et al. 2024

To evaluate the association 
between ammonia and liver-
related complications and its 
ability in predicting mortality 

Prospective study 
using the APASL 
definition 

701 ACLF patients 
from the ACLF 
Research 
Consortium

Ammonia was higher in patients with HE and ascites 
and was associated with liver-related complications. 
Baseline arterial ammonia was an independent 
predictor of 30-day mortality

Baseline arterial ammonia 
levels were associated with
30-day mortality and liver-
related complications

Abbreviations: acute decompensation (AD), acute-on-chronic liver failure (ACLF), adjusted hazard ratio (aHR), ammonia upper limit of normal
(AMM-ULN), alcoholic hepatitis (AH), acute kidney injury (AKI), acute liver failure (ALF), cerebral herniation (CH), cerebral oedema (CE),
cerebral blood flow (CBF), Child-Turcotte-Pugh (CTP), chronic liver disease (CLD), hepatic encephalopathy (HE), hepatic venous pressure
gradient (HVPG), intracranial hypertension (ICH), jugular venous oxygen saturation (JVO2), white blood cell count (WBC) 
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Table 3. Summary of the key points of ammonia as a biomarker in patients with cirrhosis

Type of biomarker Rationale Key points
Diagnostic biomarker  A normal  blood  ammonia  level

has  a  high  negative  predictive
value for the diagnosis of OHE 

 Some  patients  present  high
ammonia  levels  with  a  normal
mental status which suggests that
other  factors  play  an  important
role in the pathogenesis of HE

 A normal  ammonia  in  a  patient
with  delirium  should  prompt
renewed  or  further  differential
diagnostic  work-up  for  other
causes of delirium

 A  high  ammonia  level  with
normal  mental  status  is  not
diagnostic of OHE

Surrogate biomarker Although  with  significant  overlaps,
ammonia correlates  with severity  of
underlying  liver  disease,  number  of
organ  failures,  portal  hypertension
and systemic inflammation

Ammonia may be used as a surrogate
biomarker  of  liver  disease  severity,
organ  dysfunction,  portal
hypertension  and  systemic
inflammation 

Companion  or
response biomarker

Ammonia  levels  are  not  used  for
guiding  HE  treatment  in  clinical
practise

Ammonia  may  be  used  as  a
companion  biomarker  to  evaluate
response to treatment

Prognostic biomarker Ammonia  offers  useful  prognostic
information  in  both  outpatients  and
acutely decompensated patients with
cirrhosis

Ammonia  measurement  is  useful  in
both  outpatients  and  inpatients  to
predict  OHE,  other  liver-related
decompensations,  organ failures and
death

Therapeutic target Specific  treatment  for  HE  aims  to
reduce  ammonia  levels  but  patients
are  usually  not  categorized  by
hyperammonemia

Ammonia  should  be  measured  as  a
therapeutic  target  for  personalized
prevention and treatment of OHE and
for the development of new drugs 

Abbreviations: overt hepatic encephalopathy (OHE).
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