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Abstract
Background. Hyperammonemic encephalopathy (HE) is a severe complication of acute liver dysfunction (ALD), often
associated with sepsis. However, its neuroimaging manifestations remain poorly understood. The aim of this pilot case series
is to describe the brain MRI findings in patients with sepsis and HE.
Methods. We analysed brain MRI data from 15 consecutive patients with sepsis and clinically confirmed HE. Assessment of
cerebral changes was performed using a standard MRI protocol. The following parameters were evaluated during the analysis:
localization and signal intensity characteristics of the lesions on MRI, presence or absence of diffusion restriction, presence
magnetic susceptibility artifacts, and reversibility on follow‑up were evaluated descriptively. No control group was included.
Results.  Pathological changes were observed in all 15 patients. Symmetrical involvement of the insular cortex and cingulate
gyrus was the most frequent pattern (13/15, 86.7%), followed by basal ganglia lesions (1/15) and cortico‑subcortical
hemispheric lesions (1/15). All lesions were hyperintense on T2‑WI and FLAIR, with diffusion restriction on DWI suggestive of
cytotoxic oedema. Follow-up MRI was performed in all patients after treatment adjustment and renal replacement therapy,
demonstrating marked regression of all noted changes, concurrent with normalization of serum ammonia, transaminases,
lactate and sepsis markers.
Conclusion. The bilateral insular‑cingulate pattern appears to be the most common MRI finding in sepsis‑related HE and shows
reversibility upon correction of hyperammonaemia. These observations suggest that MRI may provide supportive evidence for
early diagnosis, but the findings are preliminary and require validation in larger controlled studies.

Background
Sepsis is a life-threatening condition based on the dysregulation of the host's systemic response to an infectious agent, leading
to the development of multiple organ failure [1]. Sepsis occupies one of the leading positions in the global mortality structure
[2]. A significant proportion of sepsis survivors subsequently develop persistent impairments in physical, psychological, and
cognitive status, which imposes a substantial burden on the healthcare [3–5]. The central pathogenetic element of sepsis is
organ dysfunction, defined as the partial or complete loss of functional activity of the affected organ or organ system [4]. The
spectrum of such disorders encompasses the cardiovascular, respiratory, hepatobiliary, urinary, and central nervous systems
[5]. Among all forms of organ dysfunction in sepsis, acute liver dysfunction (ALD) occupies a dominant position and is
identified in approximately 46% of patients. Mortality associated with this complication can reach 68%, which substantially
exceeds that observed with the involvement of other target organs [6, 7]. The liver is a central metabolic and immune organ
that, under septic conditions, ensures bacterial clearance and the synthesis of cytokines and acute-phase proteins. However, an
excessive inflammatory response can induce pronounced hepatocyte cytolysis, leading to the development of sepsis-induced
ALD [6]. ALD entails disruption of the enzymatic urea cycle, resulting in hyperammonemia, which constitutes the key
pathophysiological link in the development of hyperammonemic encephalopathy (HE). The clinical manifestations of HE are
nonspecific and range from subclinical disturbances to coma and lethal outcome [8]. The neurotoxic effect of ammonia on
brain cells is mediated by a number of mechanisms, including glutamine-induced astrocyte swelling, oxidative stress,
neuroinflammation, disruption of neurotransmitter homeostasis, and mitochondrial dysfunction [9]. In clinical practice,
verification of HE is most often performed retrospectively, especially in comorbid patients with sepsis. Validated clinical and
laboratory criteria are lacking; therefore, reliable identification of HE at the early stages of the pathological process is extremely
challenging. Persistent hyperammonemia can induce severe cerebral damage and give rise to long-term neurological sequelae
[10]. An additional factor limiting early diagnosis is the necessity of conducting a complex differential diagnosis with other
cerebral lesions, which hinders timely verification of HE as the primary cause of neurological impairment. Given this diagnostic
challenge, we conducted this pilot case series to describe the spectrum and evolution of MRI alterations in patients with
sepsis‑induced HE.

Methods

Study design and participants
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This is a descriptive case series of 15 patients (10 males, 5 females; mean age 42 ± 12 years) with clinically verified sepsis and
HE, in whom pathological signal changes in the brain were detected on MRI between June 2021 and February 2025. The
sample size reflects the rarity of the co‑occurrence of sepsis, HE, and characteristic MRI changes; all eligible patients
hospitalized during the specified period were included consecutively. The diagnosis of HE was established in the presence of
the following criteria: 1) confirmed sepsis (according to Sepsis‑3); 2) blood ammonia level > 100 µmol/L; 3) hepatic dysfunction
(ALT/AST > 2× upper limit of normal, total bilirubin > 20 µmol/L); 4) clinical signs of encephalopathy (≥ 1 point on West Haven
criteria); and 5) exclusion of other causes of CNS injury (stroke, meningitis, toxic encephalopathy, etc.) based on medical
history, laboratory data, and instrumental investigations. The study was approved by the Local Ethics Committee of the
Regional Clinical Hospital No. 2 (Protocol No. 06/2021 dated October 3, 2021). Informed consent was obtained from all
patients or their legal representatives.

Data collection
For each patient, we reviewed medical records for causes of ALD, clinical presentation, laboratory parameters (ammonia,
transaminases, lactate, procalcitonin, CRP), and administered therapy.

MRI acquisition
MRI was performed in all patients within a few hours of the onset of neurological symptoms. Imaging studies were carried out
using a 1.5 T scanner (Signa Voyager, General Electric). The scanning protocol comprised the following sequences: T2-
weighted images (TR/TE, 3000/80 ms; slice thickness, 5 mm; interslice gap, 1.5 mm; field of view, 220×220 mm); FLAIR (TR/TE,
11 000/125 ms; slice thickness, 5 mm; interslice gap, 1.5 mm; field of view, 220×220 mm); T1-weighted images (TR/TE,
2000/10 ms; slice thickness, 5 mm; interslice gap, 1.5 mm; field of view, 220×220 mm); axial two-dimensional gradient-echo
SWAN images (TR/TE, 453/14 ms; slice thickness, 5 mm; interslice gap, 1.5 mm; field of view, 220×220 mm); and diffusion-
weighted imaging (DWI) with b-factors of 0 and 1000 s/mm², acquired in the axial plane using three orthogonal diffusion
gradient directions with subsequent generation of isotropic maps (TR/TE, 4300/46 ms; slice thickness, 3 mm; interslice gap, 1
mm; field of view, 240×240 mm).

Image analysis
MRI data were evaluated by three experienced neuroradiologists for: lesion localization and signal characteristics on T1‑WI,
T2‑WI/FLAIR, SWAN; DWI/ADC features (presence of diffusion restriction); and changes on follow‑up. Given the descriptive
nature of the study, no intergroup comparisons or statistical tests were performed.

Results
All 15 patients had ALD secondary to sepsis. Sepsis sources were urological (n = 6), surgical (n = 7), and cryptogenic (n = 2). All
patients had hyperammonaemia (range 90–145 µmol/L), elevated lactate (3.2–4.8 mmol/L), transaminases (ALT 252–769 U/L;
AST 175–436 U/L), total bilirubin (28–44 µmol/L), procalcitonin (2.2–18.4 ng/mL), and CRP (190–286 mg/L). Metabolic
acidosis was recorded in four patients (pH 7.20–7.22). Electrolytes were unremarkable. No patient used regular medications
that could explain encephalopathy. Clinical and laboratory parameters of patients with hyperammonemic encephalopathy and
sepsis are presented in Table 1. All patients had decreased consciousness (GCS 3–14), and seizures occurred in 4 (26.7%).

On MRI, the most frequent pattern (13 patients, 86.7%) was symmetrical hyperintensity on T2‑WI and FLAIR in the insular cortex
and cingulate gyri, with restricted diffusion consistent with cytotoxic oedema (Fig. 1). One patient (6.7%) showed symmetrical
basal ganglia lesions (Fig. 2), and one (6.7%) had asymmetric cortico‑subcortical hemispheric lesions (Fig. 3). Diffusion
restriction was present in all cases, always corresponding to the affected areas. No haemorrhagic changes were seen on
SWAN.
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Table 1
Main clinical and laboratory parameters of patients with hyperammonemic encephalopathy and sepsis.

Age Sex Source

of sepsis

Ammonia
levels

µmol/L

АLT

U/L

АST

U/L

Total
bilirubin
µmol/L

Lactate

mmol/L

Procalcitonin
ng/mL

Pattern on
MRI

Outcome

26 M Urological 120 350 220 36 3,8 10,5 Insular-
cingulate
pattern

Regression

30 M Urological 110 300 200 34 3,5 9,2 Insular-
cingulate
pattern

Regression

34 F Urological 125 400 250 38 4,0 12,0 Insular-
cingulate
pattern

Regression

38 M Urological 130 380 240 37 3,9 11,0 Insular-
cingulate
pattern

Regression

40 M Urological 127 450 280 42 4,2 13,5 Insular-
cingulate
pattern

Regression

41 M Urological 115 500 300 44 4,4 15,0 Insular-
cingulate
pattern

Regression

42 M Surgical 125 360 230 35 3,7 10,0 Insular-
cingulate
pattern

Regression

42 M Surgical 135 390 245 39 3,9 11,5 Insular-
cingulate
pattern

Regression

43 M Surgical 116 420 260 40 4,1 12,5 Insular-
cingulate
pattern

Regression

44 M Surgical 131 480 290 43 4,3 14,0 Insular-
cingulate
pattern

Regression

46 F Surgical 100 280 190 30 3,4 8,0 Insular-
cingulate
pattern

Regression

50 F Surgical 115 320 210 32 3,6 9,5 Basal
ganglia
lesion
pattern

Regression

54 F Surgical 118 370 235 36 3,8 10,8 Insular-
cingulate
pattern

Regression

58 F Cryptogenic 105 290 195 28 3,4 7,5 Cortico-
subcortical
pattern

Regression

60 M Cryptogenic 125 340 215 34 3,7 9,0 Insular-
cingulate
pattern

Regression

After treatment (lactulose, L‑ornithine‑L‑aspartate, and intensive haemodialysis), all patients showed clinical improvement,
normalization of liver enzymes, and reduction of ammonia. Follow‑up MRI (10–14 days later) demonstrated regression of all
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pathological changes (Figs. 4‑6).

Discussion
Despite significant advances in intensive care, sepsis remains a high-priority global health challenge due to high mortality rates
and the frequent development of multiple organ failure [11, 12]. Pathogenetically, this condition is characterized by a complex,
multi-step cascade of immunological events, including a hyperinflammatory response, coagulopathy with disseminated
intravascular coagulation, and pronounced hemodynamic instability [13]. In clinical practice, sepsis can initiate a wide
spectrum of liver injuries, ranging from hypoxic hepatitis and septic cholestasis to secondary sclerosing cholangitis [14].
Jaundice, elevated transaminase activity, and prolonged prothrombin time serve as external markers of profound pathogenetic
shifts, which are driven by a chain of systemic inflammatory events leading to hepatocyte injury.

The pathogenesis of sepsis-induced liver injury (SILI) is multicomponent and involves uncontrolled inflammation, multi-step
pro-inflammatory reactions, oxidative stress, pyroptosis, and impaired autophagy [15]. Among these factors, oxidative stress
acts as a key mediator that exacerbates pathophysiological processes both through direct cytolytic effects on hepatocytes and
through the depletion of endogenous antioxidant defenses [16]. A logical consequence of severe hepatic dysfunction in sepsis
is impaired detoxification function of the liver. The liver plays a central role in ammonia metabolism, converting it to urea in
periportal hepatocytes. In SILI, ammonia elimination is critically reduced, leading to hyperammonemia (Fig. 7) [17].

Under conditions of elevated blood ammonia concentration, its penetration across the blood–brain barrier increases via
diffusion of the non-ionized form (NH₃) and active transport of the ionized form (NH₄⁺). This initiates a sequential series of
metabolic disturbances in the central nervous system, where the leading role in detoxification shifts to astrocytes. Astrocytic
glutamine synthetase catalyzes the conversion of excess ammonia and glutamate into glutamine. According to the widely
accepted osmotic hypothesis, the accumulation of glutamine as an osmotically active substance causes water influx into
astrocytes, their swelling, and the development of cytotoxic brain edema [18]. Moreover, a neurotransmission imbalance
resulting from the downregulation of glutamate receptors against a background of excessive extrasynaptic glutamate
accumulation and enhanced GABAergic inhibition contributes to the clinical manifestations of encephalopathy. This cascade of
molecular events is directly reflected in MRI findings, which represent a highly valuable tool for understanding the
pathophysiology of HE in vivo. In contrast to chronic liver failure, which is characterized by deposition of paramagnetic
manganese in the basal ganglia, ALD associated with hyperammonemia is accompanied by selective cortical involvement of
the cingulate gyrus and insula [19].

The presented results demonstrate that the combination of sepsis and ALD confers a high risk of developing HE. This finding
fully supports the concept of a synergistic damaging effect of systemic inflammation and hyperammonemia on brain tissue. In
the present study, among 15 patients with SILI and HE, the most frequent MRI pattern (86.7%) was symmetrical involvement of
the insular cortex and cingulate gyri with cytotoxic edema. Thus, neuroimaging are of particular importance in the diagnosis of
HE, among which MRI exhibits the highest sensitivity in assessing the nature and extent of injury. The selective vulnerability of
the cingulate gyrus and insular cortex to ammonia is determined not by the presence of specific «ammonia receptors», but by
the neurometabolic organization of these structures [20]. Key factors include the high intensity of glutamatergic
neurotransmission, a marked dependence on astrocyte metabolism, and the substantial energy demands of their neuronal
networks. These regions represent highly integrative cortical areas that process interoceptive, emotional, and cognitive
information [21]. They are characterized by a high density of excitatory glutamatergic connections and intense synaptic activity
even at rest, which renders them critically dependent on efficient astrocytic control of extracellular glutamate [21]. Moreover,
the high rate of energy metabolism and reliance on mitochondrial oxidative phosphorylation make these networks exquisitely
sensitive to ammonia-induced inhibition of mitochondrial enzymes, suppression of the Krebs cycle, and increased generation of
reactive oxygen species, collectively leading to rapid energy deficiency [22]. Interpretation of neuroimaging findings requires
careful differential diagnosis, as extensive cortical signal abnormalities can be observed in hypoxic–ischemic encephalopathy,
limbic encephalitis, acute hypertensive and hyponatremic encephalopathies, posterior reversible encephalopathy syndrome,
alcohol and drug intoxication, carbon monoxide or organophosphate poisoning, and Creutzfeldt–Jakob disease [23]. The key
differential diagnostic criteria include: documented sepsis, the combination of two mandatory clinical components (ALD and
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hyperammonemia), and characteristic neuroimaging features, namely bilateral involvement of the insular cortex and cingulate
gyrus as well as a specific type (cytotoxic) of edema. A fundamental clinical feature of HE, confirmed in our study, is its
potential reversibility provided that timely and aggressive correction of hyperammonemia is undertaken. Intensive hemodialysis
led not only to normalization of blood ammonia, bilirubin, and transaminase levels, but also to marked regression of
neurological symptoms with convincing positive dynamics on follow-up MRI examinations. This observation supports the
importance of early ammonia-lowering therapy, although causality cannot be definitively established in a case series. The
results of the present study further demonstrate that positive dynamics (in the form of regression of neurological symptoms
and MRI changes) are expected within an interval of 10 to 14 days from the start of complex therapy, which may serve as a
prognostic criterion for a favorable outcome.

Limitations
Our study has several important limitations that must be acknowledged. First, this is a descriptive case series without a control
group (e.g., septic patients without HE, or non-septic hyperammonaemic patients); therefore, we cannot estimate the specificity
or sensitivity of the described MRI patterns. Second, the small sample size (n = 15) limits generalizability and precludes any
statistical analyses or multivariable adjustments. Third, although DWI suggested cytotoxic oedema, we did not perform
quantitative ADC measurements, and the contribution of concurrent hypoperfusion or seizure-related changes cannot be
entirely ruled out. Fourth, the timing of MRI and follow-up was not strictly standardized, and the reversibility was assessed
qualitatively. Thus, our findings should be considered hypothesis-generating rather than confirmatory. Larger, prospective,
controlled multicentre studies with serial quantitative MRI are needed to validate the diagnostic and prognostic value of the
insular-cingulate pattern. Despite these limitations, this is one of the largest described series of MRI findings in sepsis-
associated HE, and our observations may help clinicians recognize this condition and guide early therapy.

Conclusions
This pilot case series describes the spectrum of brain MRI abnormalities in patients with sepsis‑associated hyperammonaemic
encephalopathy. The bilateral insular‑cingulate pattern was the most frequent finding and showed reversibility upon correction
of hyperammonaemia. While MRI may provide supportive evidence for early diagnosis and therapeutic monitoring, particularly
when the insular‑cingulate pattern is observed in the appropriate clinical context. Controlled studies with larger cohorts are
essential to determine the diagnostic accuracy and clinical utility of these neuroimaging features. Nonetheless, early
recognition of sepsis‑induced liver dysfunction and prompt ammonia‑lowering therapy remain the cornerstones of improving
outcomes in this patient population.

Abbreviations
ALD
Acute liver dysfunction
ADC
Apparent diffusion coefficient
CNS
Central nervous system
DWI
Diffusion-weighted imaging
GCS
Glasgow Coma Scale
HE
Hyperammonemic encephalopathy
MRI
Magnetic resonance imaging
SILI
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Sepsis-induced liver injury
WI
Weighted images
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Figures

Figure 1

Brain MRI of Patient 1 with Hyperammonemic Encephalopathy and Abdominal Sepsis: (a) T2-weighted imaging; (b) T2-FLAIR;
(c) DWI; (d) ADC. Bilateral symmetrical areas of abnormal signal intensity are observed in the insular cortex and cingulate gyrus
 with diffusion restriction.

Figure 2

Brain MRI of Patient 2 with Hyperammonemic Encephalopathy and Abdominal Sepsis: (a) T2-weighted imaging; (b) T2-FLAIR;
(c) DWI; (d) ADC. Symmetrical bilateral lesions of basal ganglia with moderate diffusion restriction.
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Figure 3

Brain MRI of Patient 3 with Hyperammonemic Encephalopathy and Cryptogenic Sepsis: (a) T2-weighted imaging; (b) T2-FLAIR;
(c) DWI; (d) ADC. Bilateral, asymmetric involvement of the cortical structures of the temporal and occipital lobes, as well as the
insular cortex, characterized by restricted diffusion.

Figure 4

Follow-up brain MRI of Patient 1 performed 10 days after the corrected therapy: (a) T2-weighted imaging; (b) T2-FLAIR; (c) DWI;
(d) ADC. A marked regression of cytotoxic edema is observed in the insular cortex and cingulate gyri, with residual mild
vasogenic edema involving the cortex.
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Figure 5

Follow-up brain MRI of Patient 2 performed 12 days after the corrected therapy: (a) T2-weighted imaging; (b) T2-FLAIR; (c) DWI;
(d) ADC. A marked regression of cytotoxic edema is observed in the bilateral basal ganglia region.

Figure 6

Follow-up brain MRI of Patient 3 performed 14 days after the corrected therapy: (a) T2-weighted imaging; (b) T2-FLAIR; (c) DWI;
(d) ADC. In the cortical and subcortical areas of the frontal, temporal, insular and occipital lobes, a pronounced regression of
cytotoxic changes is observed.

Figure 7

Pathogenetic mechanisms of development of hyperammonemic encephalopathy in sepsis

Page 11/11


