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Pyroglutamic acidosis:  
an under-recognised  

cause of high anion gap  
metabolic acidosis

Tom Crisp, Peter Sizeland, Stephen Du Toit, Lai Wan Chan

Pyroglutamic acidosis is a rare and 
underdiagnosed high anion gap 
metabolic acidosis (HAGMA) caused 

by accumulation of 5-oxoproline associat-
ed with commonly used medications such 
as paracetamol and antibiotics. We report 
a case exhibiting the common risk factors 
of pyroglutamic acidosis and the clinical 
approach to diagnosis.

Case report
A 74-year-old female presented with 

abdominal pain, ascites, fever and reduced 
appetite. Her background included chole-
cystectomy and Caesarean section. She 
was initially treated with 13 days of cefu-
roxime and metronidazole (which was later 
changed to tazocin following clinical deterio-
ration), paracentesis and analgesia. A CT 
scan showed paracolic abdominal masses 
later confirmed as liposarcomata.

After 13 days she developed worsening 
kidney impairment, malnutrition and 
HAGMA (Table 1). Various common causes 
of HAGMA were excluded in the setting of 
normal lactate and ketones. Medication 
review found regular paracetamol use calcu-
lated at a dose of 76 grams over 19 days, 
which raised the suspicion that 5-oxoproline 
had accumulated and was contributing 
to HAGMA. Paracetamol was stopped and 
intravenous bicarbonate was given, with 
brief clinical improvement.

Urine organic acid screen, performed 
using gas chromatography-mass spec-
trometry after liquid-liquid extraction, 
showed marked pyroglutamate excretion 
(>5,000µmol/mmol creatinine). Treatment 
with N-acetylcysteine (NAC) was considered. 

However, she continued to deteriorate and 
diagnostic laparoscopy found extensive 
carcinomatosis. Treatment was refocused 
towards palliation.

Discussion
Pyroglutamic acidosis is an underdiag-

nosed form of HAGMA caused by excess 
pyroglutamate due to inhibition of negative 
feedback of the gamma-glutamyl cycle 
(Figure 1) via depletion of glutathione¹,² 
associated with chronic paracetamol use 
and certain antibiotics.3

Our patient had risk factors. She was 
elderly with prolonged paracetamol use, 
sepsis, malnutrition, liver dysfunction 
(impairing synthesis and regeneration of 
glutathione) and kidney failure (preventing 
pyroglutamate clearance). Other risk factors 
for pyroglutamic acidosis include chronic 
alcohol excess, pregnancy and use of certain 
antibiotics, such as flucloxacillin, which 
inhibits breakdown of pyroglutamate by 
5-oxoprolinase.2,3

Diagnosis requires clinical suspicion 
based on raised anion gap, exclusion of 
more common causes and the presence 
of relevant risk factors.3 Formal diagnosis 
of pyroglutamic acidosis requires a urine 
organic acid screen. 

After the appropriate respiratory compen-
sation has been confirmed, the anion gap 
can be measured by subtracting measured 
cations from anions (AG=Na-Cl-HCO3 
with reference interval of 10–14).4 Serum 
proteins also contribute to the anion gap. 
Therefore, any significant change in serum 
albumin needs to be accounted for using the 
formula cAG=AG+0.25×(40-albumin in g/L).3 
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Not doing so in a malnourished patient may 
underestimate the anion gap.3,4 This is espe-
cially important in pyroglutamic acidosis, 
as malnutrition is common. This may have 
contributed to delayed recognition of our 
patient’s condition.

There can be co-existing acid base abnor-
malities, which are investigated using the 
delta gap (Δ-Δ=(ΔAG)-(ΔHCO3)). A delta 
gap between -5 and +5 indicates a pure 
HAGMA. Results outside this range suggests 
a concomitant acid-base disturbance.4

After confirming a pure HAGMA, other 
causes, such as high lactate or ketones, 
are excluded. The GOLDMARK mnemonic 

is helpful in recalling causes of a HAGMA 
(Table 2).5

Treatment involves stopping causative 
medications, bicarbonate administration, 
moderating acidosis and NAC that replen-
ishes glutathione. Pyroglutamate is cleared 
renally, and dialysis has been used in severe 
cases.5,6

In conclusion, pyroglutamic acidosis is a 
rare and under-recognised cause of HAGMA 
that can be precipitated by prescription of 
simple analgesia or common antibiotics in 
individuals at risk. A high clinical suspicion 
is required to make the diagnosis and 
initiate targeted treatment.
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Table 1: Significant laboratory results.

Day of admission Day 1 Day 13 Day 19

Full blood count

Haemoglobin (115–155g/L) 133 146 114

Platelets (150–400x109/L) 586 1,173 943

White blood cells (4–11x109/L) 12.98 25.42 15.84

Neutrophils (1.9–7.5x109/L) 9.14 20.60 11.99

Urea and electrolytes

Sodium (135–145mmol/L) 139 128 131

Potassium (3.5–5.2mmol/L) 4.3 4.6 3.6

Creatinine (<90µmol/L) 58 178 188

Urea (3.2–7.7mmol/L) 4.3 8.1 12.4

Liver function tests

Bilirubin (0–24µmol/L) 4 3 <2

ALP (40–130IU/L) 190 151 330

ALT (0–45IU/L) 18 12 11

GGT (0–50IU/L) 77 66 143

Albumin (32–48g/L) 35 15 11

CRP (0–5mg/L) 120 200 73

Venous blood gas

pH (7.35–7.45) - 7.17 7.30

pCO2 (4.7–6.0kPa) - 2.8 2.3

Bicarbonate (22–28mmol/L) - 10.4 12.2

Sodium (135–145mmol/L) 129 129

Chloride (95–110mmol/L) - 100 96

Lactate (<2mmol/L) - 2.5 1.3

Ketones (<1mmol/L) - - <1

Anion gap (corrected for albumin) (10–14) - 24.85 28.05

Δ-Δ (-5–+5) - -0.75 +4.25
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Figure 1: The gamma-glutamyl cycle, displaying inhibition via negative feedback mechanism using 
glutathione. Image created on Biorender.com.

Table 2: GOLDMARK mnemonic showing causes for a high anion gap metabolic acidosis.

G Glycols

O 5-oxoproline (Pyroglutamic acid)

L L-lactate

D D-lactate

M Methanol

A Aspirin

R Renal failure

K Ketones
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