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Hyperammonemic encephalopathy (HE) associated with 
urinary tract infections represents a rare but severe neu-
rologic condition [1, 2]. Increased production of ammo-
nia and uptake in the bloodstream upon urinary infec-
tions is considered the result of the metabolic activity of 
urea-splitting bacteria like the Proteus and Corynebac-
terium strains [2]. However, hyperammonemia has also 
been rarely reported to occur upon urinary infections 
sustained by bacteria such as the Providencia rettgeri. 
HEs associated with P. rettgeri have been described in 
children presenting massively dilated upper urinary 
tracts, such as in the prune-belly syndrome [3].

Case
A 64-year-old woman, with a long history of schizo-
phrenia, was admitted to the emergency room (ER) and 
showed the signs of subacute and progressive orientation 
and vigilance deficits along with behavioral changes.

The women had a history of an attempted suicide that 
was carried out 18 years before by throwing herself out 
of the window and led to the development of chronic 
mild paraparesis, sensory disturbances in the lower 
limbs, and a neurogenic bladder. In the past years, 
she has suffered from relapsing urinary infections that 
required the use of intermittent catheterism and sev-
eral cycles of antibiotic administration.

The woman was on a daily regimen of quetiapine 
200 mg twice a day plus long-acting injections of 25 mg of 
risperidone every fortnight. She was free of major behav-
ioral symptoms and reported to maintain full autonomy 
in daily living activities. She was able to walk with the use 
of orthopedic aids.

On admission, relatives reported that in the past 
2  weeks she had progressively reduced food intake and 
presented several episodes of vomiting. In the evening 
before ER admission, the patient was found to be lying in 
bed, confused, and disoriented. That deteriorating con-
dition led the relative to opt for admission to the ER of 
our hospital. On admission, the brain computed tomog-
raphy (CT) scan and standard chest x-ray were normal. 
Electrocardiogram showed sinus tachycardia (heart rate 
at 146 pulses/min). Laboratory work showed a condition 
of hypernatremic dehydration and mild hyperglycemia. 
Liver, kidney, and the coagulation status were normal.

The women showed no meningeal signs or evidence of 
focal neurologic deficits. Arterial blood pressure, oxygen, 
and carbon dioxide saturation were in the physiological 
range. Physical examination was normal except for signs 
indicative of bladder over-distension and urine reten-
tion. After catheterization, 500  cc of purulent urine was 
drained. Within few hours, the woman becomes comatose.

Follow up blood work showed the presence of hyper-
natremic dehydration and increased creatinine lev-
els. Body temperature was normal, but the laboratory 
work gave clear indication of an ongoing infection with 
increased erythrocyte sedimentation rate values, neu-
trophil count, and a slight increase in fibrinogen levels. 
Hepatic, pancreatic, and coagulation parameters were 
still normal. The urinary analysis showed increased pH 
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values, proteinuria, increased erythrocyte, and leuko-
cyte counts. Cerebrospinal fluid values were normal and 
excluded the presence of encephalitis. Next morning, an 
electroencephalogram (EEG) recording showed the pres-
ence of a diffuse slowing of background activity that was 
associated with large amplitude, generalized pseudo-
periodic discharges (GPDs) with triphasic morphol-
ogy that occurred symmetrically but with an anterior 
predominance (Fig.  1a). These anomalies were reac-
tive to acoustic stimuli. As the pattern is strongly sug-
gestive of an ongoing metabolic/toxic encephalopathy, 
serum ammonia was investigated and elevated serum 
levels were discovered (291 µg/dL; n.v < 75). Biochemical 
markers of liver damage remained negative. The urine 
culture test showed the presence of P. rettgeri infection. 

An abdomenal CT revealed a severe thickening of the 
bladder walls along with signs of marked bilateral hyd-
roureteronephrosis (Fig. 1c). Following the antibiogram 
indications, intravenous ciprofloxacin was therefore 
introduced. In the following 3  days, the patient condi-
tions rapidly improved and serum ammonia and sodium 
values returned in the physiological range. A control 
EEG performed 1 week after the introduction of cipro-
floxacin showed the normalization of the brain electri-
cal activity (Fig. 1b). At this point, serum ammonia levels 
were at 34 µg/dL and sodium levels were in range.

Discussion
Ammonia is the physiological bio-product of the 
metabolism of amino acids and other nitrogenous 

Fig. 1  EEG findings. a Severe disorganization of the background activity associated with pseudo-periodic short-interval generalized discharges (GPDs) 
with triphasic wave morphology repeating at a rate of 1–2 s. These complexes are prominent in frontocentral regions. Notice the reactivity to acoustic 
stimuli (arrow). During EEG recordings, the patient was comatose (GCS = 6) with high serum ammonia levels (294 μg/dL, 0–75). b EEG performed 7 days 
after the previous recording. Notice the reappearance of low-amplitude reactive posterior rhythmic activity at 10 Hz with superimposed pharmacologi‑
cal rhythms at 20–24 Hz more evident on anterior derivations. Clinically, the patient was alert and collaborative. Ammonia levels were in the normal 
range (34 μg/dL, 0–75). c An abdomen CT reveals the presence of hypertrophic neurogenic bladder (red arrow) (Color figure online)
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substances. However, elevated blood levels of ammo-
nia are toxic and associated with the development of 
metabolic encephalopathy. Hyperammonemia is com-
monly observed upon defective hepatic detoxification, 
as occurring in hepatic failure or severe cirrhosis with 
the portacaval shunt [4–6]. In general, hyperammone-
mia without liver failure is a rare condition occurring 
in a minority of critically ill patients. This condition 
can result from several and heterogeneous causes and 
has been associated with a poor prognosis [7]. The list 
of potential causes, other than liver failure, includes 
congenitally acquired deficits in the urea cycle metabo-
lism [8], valproate, or other drugs intake [9]. Moreover, 
hematologic neoplasms, digestive system bleeding, and 
acute/chronic renal failure can independently promote 
serum hyperammonemia [7].

Hyperammonemic encephalopathy associated with 
urinary tract infections represents a rare but severe 
condition that should not be overlooked [1–3, 9]. The 
first report of this condition was that of Drayna et  al., 
describing the case of a 49-year-old woman who devel-
oped repetitive episodes of lethargy and stupor as result 
of intermittent serum ammonia increases provoking 
recurrent episodes of HEs [1]. Similarly to our case, the 
patient suffered of urinary retention as a result of bladder 
dysfunction. Urinary contamination by urea-producing 
organisms was the crucial etiologic factor for the appear-
ance of HEs. As in our case, catheterization and drain-
age of contaminated urine were invariably associated 
with clinical improvement of the patient [1]. Increased 
production of ammonia and uptake in the bloodstream 
upon urinary infections is considered the result of the 
metabolic activity of urea-splitting bacteria like the Pro-
teus, Corynebacterium, or Diphtheroid strains. How-
ever, hyperammonemia has also been reported to occur 
in children upon infections sustained by bacteria such as 
the P. rettgeri, a common pathogenic host found in neu-
rogenic bladders [3]. Of note, in children, HE has been 
associated with the presence of massively dilated upper 
urinary tracts, such as in the prune-belly syndrome, in 
conjunction with urinary infections sustained by urea-
splitting organisms [9, 10]. In these conditions, intrave-
nous administration of antibiotics and use of a catheter 
have resulted in dramatic resolution of the encephalop-
athy. In our case, the choice of the antibiotic molecule 
was mainly made on the basis of the antibiogram results. 
Within the tested molecules, P. rettgeri bacteria resulted 
in highly sensitive to ciprofloxacin. Sufficient sensitivi-
ties were also detected for cefepime, cefotaxime, ceftazi-
dime. However, although cephalosporin antibiotics are 
good candidates for the treatment of urinary infections, 
these molecules can promote neurotoxic effects [11]. 
Cefepime, in particular, is a well-known cause of toxic 

encephalopathies [12]. Therefore, considering the bac-
teria sensitivity profile, the different antibiotic features, 
and specific side effects, we decided to treat the patient 
with ciprofloxacin.

In our case, the negative laboratory work for liver dys-
function led to overlook for the presence of an ongoing 
HE, and the EEG was crucial to provide information to 
formulate the right diagnosis. Although EEG shows lit-
tle specificity in differentiating etiology in metabolic and 
toxic encephalopathy, it still represents an invaluable 
tool when evaluating patients showing disorders of con-
sciousness. For long time, the term “triphasic waves” has 
been widely used to describe EEG abnormalities associ-
ated with metabolic encephalopathy. However, over the 
past years, our understanding of these abnormalities has 
improved and new definitions have been introduced, 
leading to the elimination of several etiologic references 
[13–15]. For this reason, the term triphasic wave has 
been replaced by the term continuous (or subcontinuous) 
GPDs with triphasic wave morphology. GPDs represent a 
difficult pattern to interpret, as it can be associated with 
different pathological states, spanning from status epi-
lepticus to metabolic/toxic and infectious encephalopa-
thies [16, 17]. It is actually accepted that patients showing 
GPDs with triphasic wave morphology are associated 
with a low risk of seizures, mostly if GPDs show fluctu-
ating features, an anteroposterior gradient, and occur at 
rates lower than 3–4 Hz [18, 19].

The case here described merits attention for several 
aspects. Despite P. rettgeri having been described as 
urea-splitting bacterium that promotes hyperammone-
mic encephalopathies in the pediatric population, to our 
knowledge, this is the first report of such condition in an 
adult patient.

In this case, the negative laboratory work for liver dys-
function led to overlook for the presence of an ongoing 
metabolic encephalopathy. Moreover, the patient psy-
chiatric history represented a further confounding fac-
tor, leading to suspect a relapsing psychosis. In this case, 
EEG enabled a rapid and noninvasive bedside electro-
physiological evaluation suggesting precious information; 
otherwise, we did not obtain with other instrumental 
examinations.

In summary, the case underlines the need always to 
include a check for ammonia levels in all patients show-
ing signs of orientation and vigilance disturbances and 
that the presence of a neurogenic bladder or urinary 
infection should always raise a red flag in patients show-
ing decreased level of arousal. Finally, this report also 
indicates the still ongoing importance of the EEG when 
evaluating acute or subacute conditions of fluctuating 
cognition.



442

Author details
1 AP‑HP, Epilepsy Unit, Pitié‑Salpêtrière Hospital and Brain and Spine Institute 
(INSERM UMRS1127, CNRS UMR7225, Sorbonne Université), Pitié-Salpêtrière 
Hospital, Paris, France. 2 Department of Neuroscience, Imaging and Clinical 
Sciences, “G.d’Annunzio” University, Chieti-Pescara, and Neurology Clinics, SS 
Annunziata Hospital, Chieti‑Pescara, Italy. 

Acknowledgements
The actual affiliation of Dr. Frazzini is at AP-HP, Epilepsy Unit, Pitié-Salpêtrière 
Hospital and at ICM (Brain and Spine Institute; INSERM UMRS1127, CNRS 
UMR7225, Sorbonne Université), Pitié-Salpêtrière Hospital, Paris, France. How‑
ever, the patient’s admission, clinical management, and paper writing were 
realized during his previous stay at the Department of Neuroscience, Imaging 
and Clinical Sciences, “G.d’Annunzio” University, Chieti-Pescara, Italy.

Author Contributions
VF study concept, interpretation and revision of the clinical data, manuscript 
writing. MC analysis and interpretation of the clinical data. Critical revision of 
the manuscript. MO paper supervision. Critical revision of the manuscript.

Source of Support
This study was not sponsored.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Published online: 25 April 2019

References
	1.	 Drayna CJ, Titcomb CP, Varma RR, Soergel KH. Hyperammonemic 

encephalopathy caused by infection in a neurogenic bladder. N Engl J 
Med. 1981;304(13):766–8.

	2.	 Albersen M, Joniau S, Van Poppel H, Cuyle PJ, Knockaert DC, Meersseman 
W. Urea-splitting urinary tract infection contributing to hyperammone‑
mic encephalopathy. Nat Clin Pract Urol. 2007;4(8):455–8.

	3.	 Murray T, Comeau LL. Hyperammonemic coma caused by Providencia 
rettgeri infection in a child with prune belly syndrome. Pediatr Crit Care 
Med. 2001;2(2):178–80.

	4.	 Auron A, Brophy PD. Hyperammonemia in review: pathophysiology, 
diagnosis, and treatment. Pediatr Nephrol. 2012;27(2):207–22.

	5.	 Felipo V. Hepatic encephalopathy: effects of liver failure on brain function. 
Nat Rev Neurosci. 2013;14(12):851–8.

	6.	 Summar ML, Barr F, Dawling S, et al. Unmasked adult-onset urea cycle 
disorders in the critical care setting. Crit Care Clin. 2005;21(4 Suppl):S1–8.

	7.	 Sakusic A, Sabov M, McCambridge AJ, et al. Features of adult hyper‑
ammonemia not due to liver failure in the ICU. Crit Care Med. 
2018;46(9):e897–903.

	8.	 Lewis C, Deshpande A, Tesar GE, Dale R. Valproate-induced hyper‑
ammonemic encephalopathy: a brief review. Curr Med Res Opin. 
2012;28(6):1039–42.

	9.	 Ullman MA, Haecker TA, Medani CR. Hyperammonemic encephalopathy 
and urinary obstruction. N Engl J Med. 1981;304:1546.

	10.	 Diamond DA, Blight A, Ransley PG. Hyperammonemic encephalopa‑
thy: a complication associated with the prune belly syndrome. J Urol. 
1989;142(2 Pt 1):361–2.

	11.	 Grill MF, Maganti R. Cephalosporin-induced neurotoxicity: clinical mani‑
festations, potential pathogenic mechanisms, and the role of electroen‑
cephalographic monitoring. Ann Pharmacother. 2008;42(12):1843–50.

	12.	 Payne LE, Gagnon DJ, Riker RR, et al. Cefepime-induced neurotoxicity: a 
systematic review. Crit Care. 2017;21(1):276.

	13.	 Hirsch LJ, LaRoche SM, Gaspard N, et al. American clinical Neurophysiol‑
ogy society’s standardized critical care EEG terminology: 2012 version. J 
Clin neurophysiol. 2013;30(1):1–2.

	14.	 Gaspard N. ACNS critical care EEG terminology: value, limitations, and 
perspectives. J Clin Neurophysiol. 2015;32(6):452–5.

	15.	 Sully KE, Husain AM. Generalized periodic discharges: a topical review. J 
Clin Neurophysiol. 2018;35(3):199–207.

	16.	 Sutter R, Kaplan PW. Clinical and electroencephalographic correlates of 
acute encephalopathy. J Clin Neurophysiol. 2013;30(5):443–53.

	17.	 Faigle R, Sutter R, Kaplan PW. Electroencephalography of encephalopathy 
in patients with endocrine and metabolic disorders. J Clin Neurophysiol. 
2013;30(5):505–16.

	18.	 Boulanger JM, Deacon C, Lécuyer D, Gosselin S, Reiher J. Triphasic waves 
versus nonconvulsive status epilepticus: EEG distinction. Can J Neurol Sci. 
2006;33(2):175–80.

	19.	 Sutter R, Stevens RD, Kaplan PW. Significance of triphasic waves in 
patients with acute encephalopathy: a nine-year cohort study. Clin 
Neurophysiol. 2013;124(10):1952–8.


	An Uncommon Case of Hyperammonemic Encephalopathy
	Case
	Discussion
	Acknowledgements
	References




