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a b s t r a c t 

Background: Hyperammonemia is a critical condition sometimes associated with severe neurological symptoms 

and cerebral edema. Quantitative CT-scan may help directly assess the impact of ammonia levels on brain struc- 

tures, offering the potential to improve patient management. 

Methods: We conducted a retrospective, proof-of-concept study on patients admitted to the ICU with ammonemia 

> 100 μmol/L who underwent one or more brain CT-scans. Weight, volume, and specific gravity of brain structures 

were assessed using BrainView software (Institut National des Télécommunications). 

Results: Seven patients and 14 CT-scans were evaluated. Ammonia levels were positively correlated with whole 

brain weight ( 𝜌 = 0.64 and P = 0.014) and volume ( 𝜌 = 0.64 and P = 0.014), but no association was found with 

specific gravity. Similar results were found for hemispheres ( 𝜌 = 0.62, P = 0.018 for weight and 𝜌 = 0.62, P = 0.019 

for volume), whereas no significant correlations were noted for cerebellum, brainstem, and cerebrospinal fluid. 

No significant correlation could be found between variations in weight, volume, specific gravity, and variations 

in ammonemia. 

Conclusions: Our findings suggest that total brain weight and volume correlate with ammonia levels, with vary- 

ing impacts on different brain structures, yet our study could not find any significant association between the 

variations of ammonemia and the variations of CT measures. Quantitative CT scan could be of interest for eval- 

uating cerebral edema in patients with severe hyperammonemia, paving the way for more targeted therapeutic 

interventions. 
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Hepatic encephalopathy can result from acute or chronic

iver failure and/or portosystemic shunts, but also inborn er-

ors of metabolism, or drug side effects, with liver cirrhosis be-

ng the leading cause.[ 1–4 ] Hyperammonemia is at the center

f its pathophysiology, even if its precise effect on the brain

s still debated.[ 3 , 5 ] Indeed, hyperammonemia is responsible for

erebral edema, but whether this edema is responsible for the
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linical symptoms outside herniation is debated.[ 5 ] In neuro-

ritical care, computed tomography (CT) is routinely used to

nvestigate neurological deterioration and can reveal cerebral

dema in acute settings. However, conventional CT interpreta-

ion is primarily qualitative and may be less sensitive to mild

r early diffuse edema, and changes may be difficult to quan-

ify and track over time. MRI with diffusion weighted sequences

nd diffusion tensor imaging can provide more sensitive tissue-

evel information, but is often impractical in unstable intensive
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are unit (ICU) patients. Quantitative CT analysis could there-

ore offer objective metrics to monitor brain changes and assess

he cerebral impact of ammonia fluctuations.[ 5 ] Importantly,

everal ammonia-lowering strategies such as lactulose, rifax-

min, renal replacement therapy, and more recently ammonia

cavengers[ 6 ] can reduce plasma ammonia. Yet, clinicians lack

 practical quantitative marker to assess whether lowering am-

onemia induces meaningful changes in cerebral edema. In ICU

atients, neurological examination is often confounded by seda-

ion and critical illness, and routine CT interpretation remains

argely qualitative and may be insensitive to subtle changes over

ime. A readily available quantitative imaging marker could

herefore support treatment monitoring, help interpret ammo-

ia trajectories in relation to brain edema, and serve as a surro-

ate endpoint in future interventional studies. Quantitative CT

nalysis provides objective measurements (weight, volume, and

pecific gravity) of brain compartments and could complement

outine imaging by enabling longitudinal tracking of edema dy-

amics in response to ammonia-lowering therapies. 

Quantitative CT-scan is a technique that is easily available,

ven if it is not commonly used in the clinical routine of hep-

tic encephalopathy, except to rule out differential diagnoses

uch as intracranial bleeding.[ 7 ] It enables the measurement of

he weight, volume, and specific gravity (defined as the weight

f the volume of an object) of the different cerebral structures.

t has previously been used in patients with liver disease with

r without hepatic encephalopathy.[ 7–9 ] Unfortunately, the data

ere not correlated to ammonemia levels. The purpose of this

tudy was to evaluate the capacity of quantitative CT-scan to

easure modification of cerebral edema secondary to ammone-

ia variations. 

ethods 

tudy Design 

This is a retrospective, monocentric study on patients admit-

ed to the medical neuro-ICU of the Pitié-Salpêtrière University

ospital, a tertiary care center in Paris, France, between January

010 and December 2024. 

nclusion Criteria 

The inclusion criteria were defined as follows: (1) hyperam-

onemia > 100 μmol/L[ 10 ] ; (2) CT-scan with contiguous slices

ithout interspaces; (3) no previous neurological history; and

4) no history of contrast medium injection within the last 2

eeks before CT scanning. The following data were collected:

ge, sex, etiology of hyperammonemia, and ammonemia value

t the day of each CT-scan. 

thics 

Data were acquired in routine care. The retrospec-

ive use of routine care data for research purposes was

uthorized through the non-opposition procedure, which

aived the requirement for ethics committee approval un-

er French law. Anonymized data were managed in accor-

ance with the STROBE checklist for observational studies

 https://www.strobe-statement.org/checklists/ ). 
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T-scan Analysis 

All CT-scans were acquired on the same Siemens scanner

Germany) that is monthly calibrated by manufacturer tech-

icians. Additionally, the absence of drifts is assessed weekly

ith an internal routine procedure. CT-scan images consisted

f 1.25 mm-thick non-overlapping, contiguous slices, yielding

n approximate number of 200 slices per patient. Quantitative

rain CT analysis was performed using the BrainView software

Institut National des Télécommunications).[ 11 ] Briefly, Brain-

iew is designed to analyze DICOM images acquired from brain

T scans by performing automatic segmentation, excluding

xtracranial compartments on each slice. Interactive slice-by-

lice segmentation allows the delineation of different anatomi-

al regions. The software, previously validated and extensively

sed, provides weight, volume, and specific gravity (see Degos

t al.[ 12 ] for detailed formulas estimating the measurements and

eferences[ 11 , 13 ] for previous validations of the software). Spe-

ific gravity corresponds to the weight of the compartment (in

rams) divided by the volume of the compartment in mL, with a

ormative value of 1.0331 ± 0.0012 in healthy parenchyma.[ 14 ] 

hese measurements were estimated for the whole brain and

ach individual region (right and left hemispheres, brainstem,

erebellum, and intraventricular cerebrospinal fluid [CSF]). We

efined the total brain as the sum of hemispheres, brainstem,

nd cerebellum, excluding CSF. Measurements of the effect of

ariation in ammonemia were made in patients who had more

han one CT-scan: the difference between the first and second

easures of ammonemia, and between the first and second CT-

can measures of weight, volume, and specific gravity of brain

tructures were made. One patient had a third CT-scan assess-

ent, and the differences between the second and third CT-scan

ssessments were also calculated. 

tatistical Analysis 

Results are expressed as counts and frequencies for categori-

al variables and medians (interquartile range [IQR]) for quan-

itative variables. Correlations were performed using Spearman

orrelation. All tests were two-sided, and a P value < 0.05 was

onsidered statistically significant. Analyses were performed us-

ng R Statistical Software version 4.4.2 (R Project for statistical

omputing, Vienna, Austria) . 

esults 

A total of seven patients who had ammonemia above

00 μmol/L and underwent one or more brain CT scans during

heir ICU stay were included. There was no patient with hyper-

mmonemia above 100 μmol/L who did not benefit from a CT

can and/or was excluded during the considered period. Base-

ine characteristics of the patients, including hyperammonemia

tiologies, biological and clinical data at the time of the CT-

can are shown in Table 1 , and detailed data per patient are

hown in Supplementary Table S1. Patients had a median age

f 45 (IQR: 31–48) years, four (57.1%) patients were female.

hree (42.8%) patients had hyperammonemia due to inborn er-

ors of metabolism (ornithine carbamoyltransferase deficiency),

wo (28.6%) due to bypass surgery (with possible metabolic

ysfunction-associated steatotic liver disease, not previously di-
Health and Social Security de ClinicalKey.es por Elsevier en agosto 11, 
ación. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.
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Table 1 

Baseline characteristics of the patients ( n = 7). 

Characteristics Data 

Age (years) 45 (31–48) 

Sex (male/female) 3/4 

Etiology of hyperammonemia 

Inborn error of metabolism 3 (42.9) 

Bypass surgery (with not previously diagnosed MASLD) 2 (28.6) 

Ureterosigmoidostomy 1 (14.3) 

Acute alcoholic hepatitis 1 (14.3) 

Number of CT-scan assessments 14 

1 1 (14.3) 

2 5 (71.4) 

3 1 (14.3) 

Per CT-scan assessments ( n = 14) 

Clinical data 

Mean arterial pressure (mmHg) 79 (69–97) 

Temperature (°C) 37.0 (36.3–37.6) 

SpO2 (%) 98 (98–99) 

Glasgow coma scale 3 (3–9) 

FOUR score 9 (8–13) 

Richmond agitation-sedation scale − 5 (− 5 to − 2) 

Treatment for hyperammonemia ∗ 

Renal-replacement therapy 3 (21.4) 

Sodium benzoate 2 (14.2) 

Sodium phenylbutyrate 1 (7.1) 

Arginine 2 (14.2) 

Levocarnyl 1 (7.1) 

Lactulose 1 (7.1) 

Biological data 

Ammonemia (μmol/L) 184 (136–258) 

ALT (UI/L) 57 (45–329) 

AST (UI/L) 67 (34–1477) 

Bilirubin (μmol/L) 91 (22–171) 

Creatinine (μmol/L) 96 (77–153) 

Potassium (mmol/L) 4.1 (3.7–4.4) 

Sodium (mmol/L) 139.5 (136.2–141.5) 

Leukocytes (G/L) 13.1 (10.3–15.1) 

Platelets (G/L) 140 (103–169) 

Hemoglobin (g/dL) 9.2 (8.3–10.9) 

Prothrombin ratio 88 (81–93) 

Data are presented as n (%) or median (interquartile range). 

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CT: Com- 

puted tomography; FOUR: Full Outline of UnResponsiveness; MASLD: Metabolic 

dysfunction-associated steatotic liver disease; SpO2 : Peripheral oxygen satura- 

tion. 
∗ Some patients can have several drugs. 
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gnosed), one (14.2%) due to acute alcoholic hepatitis, and one

14.2%) due to ureterosigmoidostomy. All the patients were me-

hanically ventilated. One patient (14.2%) had a single CT-scan,

ve (71.4%) patients had two CT-scans, and one (14.2%) patient

ad three CT scans, for a total of 14 CT-scan assessments. The

edian delay between ICU admission and CT-scan/ammonemia

ssessment was 1.5 (IQR: − 1 to 4) days, and the median time in-

erval between paired CT-scans for patients with repeated imag-

ng was 11 (IQR: 4–22) days. The median ammonia level was

94 (IQR: 181–251) μmol/L at the first CT scan and 184 (IQR:

36–258) μmol/L for all CT-scans. In the follow-up, four out

f the seven patients (57.1%) died, whereas the three others

42.8%) improved. 

The median brain weight was 1297.8 (IQR: 1182.0–1359.4)

 ( Table 2 ) and was positively correlated with ammonemia

 𝜌 = 0.64, P = 0.014), as was volume ( 𝜌 = 0.64, P = 0.014) but

ot specific gravity ( 𝜌 = 0.29, P = 0.318, Figure 1 ). Very similar

esults were found for the hemispheres, with a correlation trend

etween ammonemia and weight ( 𝜌 = 0.62, P = 0.018) and vol-

me ( 𝜌 = 0.62, P = 0.019). No correlations were found for cere-

ellum, brainstem, and CSF (Supplementary Figure S1). 
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Measurements of the effect of variation in ammonemia were

ade in patients who had more than one CT-scan, resulting

n a total of seven “delta ” measures for the entire cohort. The

ariation in ammonemia between two CT-scan assessments was

 158 (IQR: − 201 to 10) μmol/L. The median variation in brain

eight was 29.45 (IQR: − 1.55 to 49.53) g, in volume 23.41

IQR: − 1.70 to 46.56) mL and in specific gravity 7.671 (IQR:

 28.9 to 26.6) × 10–4 g/mL ( Figure 1 ), but no significant corre-

ations were found between the variations in ammonemia levels

nd the variation of CT measures (Supplementary Figure S2). 

According to the normative value of 1.0331 (IQR: 1.0307–

.0355) (mean ± 2 standard deviations) in healthy individuals

or whole-brain specific gravity,[ 14 ] we found four (28.6%) CT-

cans with normal specific gravity, six (42.9%) with low specific

ravity, and four (28.6%) with high specific gravity. Of the four

57.1%) patients who died, one had normal whole brain specific

ravity on one CT-scan assessment, one had low specific gravity

n two CT-scan assessments, one had normal specific gravity

n two CT-scan assessments and high specific gravity on one

T-scan assessment, and one had high specific gravity on two

T-scan assessments. 

iscussion 

In this proof-of-concept study, we evaluated 14 CT scans from

even ICU patients with hyperammonemia. We found that total

rain weight and volume were associated with ammonia lev-

ls, but that different brain regions were not equally affected.

e found no significant correlations between the variations

n ammonemia and the variation of brain structures measures.

he kinetics of hyperammonemia-related brain edema are time-

ependent and potentially biphasic; therefore, heterogeneity in

maging timing relative to ammonia peak and therapeutic in-

erventions may have attenuated correlations, particularly for

pecific gravity. Even when ammonemia decreases, changes in

ater content and protein extravasation may follow a delayed

rajectory, which may uncouple volume/weight from specific

ravity. 

Acute hyperammonemia rapidly induces cerebral glutamine

ccumulation. In rat models, hyperammonemia is associated

ith an increase in cerebral glutamine levels and a decrease

n specific gravity, showing an increase in brain water content

nd thus the presence of vasogenic edema in the first hour.[ 15 ] 

ur data did not show a significant change in specific gravity

n our small number of patients, but we did confirm swelling of

ll brain structures with weight and volume increase. The fact

hat the CT-scans were performed > 24 h after the onset of the

isease may contribute to these discrepancies in the change in

pecific gravity. In fact, animal models of traumatic brain injury

ave shown a biphasic development of brain edema, with mini-

al specific gravity on day 2, followed by an increase to normal

evels on day 4, and then a further decrease to its lower level on

ay 6.[ 16 ] 

The correlations between weight/volume and ammonemia

ere not equally distributed over the different brain regions as

reviously described in animal models.[ 17 ] In addition, varia-

ions in ammonemia were correlated with variations in quantita-

ive CT-scan measurements only in the hemispheres. The density

f neurons and thus the importance of extracellular space could

artially explain those results. Another explanation might be
Health and Social Security de ClinicalKey.es por Elsevier en agosto 11, 
ación. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.
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Table 2 

Quantitative CT-based measurements of brain regional weight, volume, and specific gravity of the brain, hemispheres, cerebellum, brainstem, and CSF. 

Brain regions Weight (g) Volume (mL) Specific gravity (g/mL) Δ Weight (g) Δ Volume (mL) Δ Specific gravity (10–4 g/mL) 

Brain 1297.8 (1182.0–1359.4) 1253.1 (1149.5–1324.1) 1.032 (1.029–1.036) 29.45 (− 1.55 to 49.53) 23.41 (− 1.70 to 46.56) 7.7 (− 28.9 to 26.6) 

Hemispheres 1116.5 (1000.5–1165.8) 1081.7 (969.2–1136.1) 1.031 (1.029–1.035) 30.06 (13.23–41.85) 24.74 (12.75–44.07) 5.2 (− 27.5 to 26.7) 

Right hemisphere 553.5 (504.7–590.2) 536.0 (489.0–572.7) 1.031 (1.028–1.036) 15.20 (2.00–20.95) 15.01 (2.03–20.92) 2.0 (− 28.2 to 21.7) 

Left hemisphere 563.1 (495.8–577.0) 545.6 (480.2–561.5) 1.031 (1.029–1.035) 13.19 (10.91–21.75) 12.28 (9.45–22.34) 8.4 (− 26.8 to 28.7) 

Cerebellum 141.7 (126.4–174.5) 136.9 (121.7–167.8) 1.037 (1.031–1.041) 0.02 (− 26.73 to 6.10) − 0.04 (− 26.23 to 5.44) 5.4 (− 29.8 to 32.7) 

Brainstem 29.0 (25.5–46.8) 28.3 (24.8–45.7) 1.026 (1.023–1.029) − 1.49 (− 3.57 to 1.69) − 1.38 (− 3.50 to 1.66) 20.6 (− 29.5 to 26.3) 

CSF 21.8 (12.4–36.4) 21.5 (12.2–36.2) 1.012 (1.011–1.014) 0.14 (− 3.40 to 3.69) 0.13 (− 3.35 to 3.66) − 3.6 (− 29.7 to 3.6) 

Data are presented as median (interquartile range). 

CSF: Cerebrospinal fluid; CT: Computed tomography. 

Figure 1. Correlations between ammonemia and 

brain weight, volume, and specific gravity, and cor- 

relation between the variation of measures and am- 

monemia levels. A: Correlations between ammone- 

mia and brain weight, volume, and specific gravity. 

B: Correlations between the variation of ammone- 

mia and the variation of brain weight, volume, and 

specific gravity. NH3: Ammonia. 
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he delay in the resolution of cytotoxic/vasogenic edema mech-

nisms after ammonemia modification. The decrease in am-

onemia levels induced volumetric changes, but non-significant

hanges in specific gravity. Hyperammonemia induces astro-

ytic glutamine accumulation and cytotoxic swelling; loss of

smolytes such as taurine or myo-inositol, and water transfer

hrough aquaporin 4–NKCC1 can lag during recovery, uncou-

ling volume from specific gravity.[ 18 ] In addition, transition to

asogenic edema and blood–brain barrier permeability may al-

ow protein extravasation and raise specific gravity even after

ormalization of water content (since specific gravity can be bi-

sed by protein content).[ 19 ] In support of this hypothesis in liver

ailure contexts, a prior quantitative CT study using BrainView

n acutely decompensated cirrhosis reported altered CSF specific

ravity and differences according to acute liver failure status,[ 7 ] 

onsistent with blood–brain barrier involvement. Importantly,

hat study did not find regional differences in parenchymal spe-

ific gravity by acute liver failure or encephalopathy status.

ince liver failure accounted for only one patient in our series

nd etiologies were heterogeneous, these findings cannot be di-

ectly extrapolated to our cohort. It is also possible that the lim-

ted number of patients preclude to detect differences in other

rain regions due to a lack of statistical power. 
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The mortality was rather high in our patients, but their num-

ers are too limited to draw any conclusion. Overall, three

ut of four patients who died had normal and/or high whole-

rain specific gravity. This could suggest a tendency of higher

ortality with normal and/or high whole brain specific grav-

ty, although our data is underpowered to allow proper corre-

ation computations. Indeed, our preliminary study is limited

y its retrospective design and the inclusion of a small num-

er of patients. Not all patients had the same number of scans,

nd not all scans were performed at the same time points rel-

tive to the beginning of hyperammonemia management. Eti-

logies of hyperammonemia were heterogeneous in this proof-

f-concept cohort, which can influence edema mechanisms and

T-based measurements. Acute liver-related hyperammonemia

ay combine ammonia toxicity with systemic inflammation

nd blood–brain barrier dysfunction, potentially increasing va-

ogenic components, whereas urea cycle disorders may pro-

uce rapid ammonia changes with predominant cytotoxic as-

rocytic swelling. Ureterosigmoidostomy and post-bypass etiolo-

ies may involve intermittent ammonia peaks and additional

etabolic or catabolic factors. These differences could uncou-

le volume/weight changes from specific gravity and contribute

o variability between patients and brain regions. Our study
Health and Social Security de ClinicalKey.es por Elsevier en agosto 11, 
ación. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.
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s underpowered to perform stratified or multivariable analy-

es; larger prospective studies are needed to evaluate whether

uantitative CT metrics change differently according to hyper-

mmonemia etiology. 

Regarding clinical implications, quantitative CT could offer

bjective markers of brain swelling to complement routine CT

nterpretation, especially when neurological examination is con-

ounded by sedation. In practice, repeating CT may be most in-

ormative in cases of severe or rapidly changing hyperammone-

ia, lack of neurological improvement after ammonia lowering,

r clinical concern for intracranial hypertension. These potential

se cases should be evaluated prospectively, balancing expected

enefit against performing CT-scans in potentially unstable pa-

ients and radiation exposure. In future multicenter studies, this

pproach could be integrated through standardized CT acquisi-

ion parameters and centralized (and/or automated) quantita-

ive analysis, enabling harmonized longitudinal measurements

cross sites and evaluation of clinically meaningful endpoints. 

onclusion 

In conclusion, our study suggests that quantitative CT-scan

ight be a valuable tool to study cerebral edema in patients

ith hyperammonemia event if they are severe and hospitalized

n the ICU, to help to better understand the pathophysiology. 
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