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SUMMARY

A 75-year-old woman was admitted to a regional
hospital with an acute kidney injury (AKI) and nausea

on a background of recent treatment for Staphylococcus
aureus bacteraemia secondary to pneumonia. The
treatment thereof resulted in a high anion gap metabolic
acidosis (HAGMA). The pneumonia was initially treated
with intravenous piperacillin and tazobactam and the
patient transferred to a tertiary hospital. There, the
diagnosis of S. aureus bacteraemia secondary to a
pulmonary source was confirmed and treatment was
changed to intravenous flucloxacillin and the patient was
discharged to hospital in the home (HITH is a service that
allows short-term healthcare at home to be provided

to people who would otherwise need to be in hospital)
to complete the antibiotic course. Five weeks after
commencing flucloxacillin, the patient was referred back
to hospital with nausea and worsening kidney function
with an associated significant HAGMA. The patient has a
background of chronic kidney disease and chronic back
pain for which she was taking long-term paracetamol.
The HAGMA was determined to be due to a pyroglutamic
acidosis (PGA), deemed secondary to the combined use
of paracetamol and flucloxacillin. This was subsequently
confirmed with a plasma pyroglutamic acid concentration
level of 7467 umol/L (reference range 2050 pumol/L)
and a urinary level of 1700 mmol/mol creatinine

(<110 mmol/mol creatinine). To our knowledge, this

is the highest plasma and urinary levels published to
date. Furthermore, considering the common use of
paracetamol and penicillins, it is important to recognise
HAGMA as a potential complication of co-administration
of paracetamol and iso-oxylopenicillin. The HAGMA
resolved after cessation of flucloxacillin despite the
continuation of paracetamol and without administration
of N-acetylcysteine. PGA-related HAGMA appears to be
a unique potential side effect of iso-oxylopenicillin rather
than other beta-lactams.

BACKGROUND

A high anion gap metabolic acidosis (HAGMA) is
a common acid-base derangement resulting from a
variety of metabolic changes. The majority of causes
are summarised by the acronym GOLD MARK
(Glycols, oxoproline, Lactate, D-lactate, Methanol,
Aspirin, Renal failure and Ketoacidosis).'

A rarely identified cause of HAGMA is the accu-
mulation of pyroglutamic acid (5-oxoproline),
possibly due to being under-recognised and
under-reported rather than reflecting a true rare
prevalence.”® Pyroglutamic acidosis (PGA) can
either be congenital or acquired.” Congenital aeti-
ology involves inborn errors of metabolism that

specifically affect enzymes in the y-glutamyl cycle,
such as glutathione synthetase deficiency (refer to
figure 1). In addition, PGA can be acquired in the
setting of reduced glutathione or reduced cysteine
states and as an adverse drug reaction (eg, fluclox-
acillin, paracetamol). The association of fluclox-
acillin and paracetamol with HAGMA was first
noted in 1989 in a woman with haemolytic anaemia
and neurological symptoms.®

The causes of and contributors to HAGMA can
be difficult to accurately identify in patients who
have multiple comorbidities and especially in the
context of polypharmacy. PGA is usually a diagnosis
of exclusion supported by the appropriate clinical
scenario combined with plasma and/or urine pyro-
glutamic acid levels. Patients with comorbidities
may be prescribed paracetamol and penicillins
(isoxazolyl) often concurrently, and it is important
to recognise that acquired PGA is likely to be under-
reported and have significant sequelae in patients’
clinical course.’

Left unresolved, unmanaged metabolic acidosis
can contribute significantly to mortality.> The
consequences of chronic HAGMA in patients
with chronic kidney disease may include osteo-
penia, increased muscle catabolism, secondary
hyperparathyroidism, reduced respiratory reserve
and increased severity of subsequent infections.'’
Therefore, it is important to manage and treat the
underlying cause of HAGMA. There is limited liter-
ature on the accumulation of pyroglutamic acid
resulting in HAGMA, and we report this case to
alert clinicians of the need to consider PGA in the
differential diagnosis of HAGMA.

CASE PRESENTATION

A 75-year-old female presented to the emergency
department with dyspnoea. She had been treated
for recurrent lower respiratory tract infections by
the general practitioner (GP) with oral antibiotics
(12 cases in the past 14 months). Her relevant
medical history included chronic kidney disease
stage 3 (baseline creatinine 80-110 pmol/L), poly-
myalgia rheumatica requiring long-term steroids,
asthma and chronic back pain. The pneumonia
diagnosis was confirmed by a chest radiograph and
CT showing multifocal nodular consolidation in the
right lower lobe with cavitations and blood cultures
were taken that grew Staphylococcus aureus.

Her medical history otherwise included depres-
sion, hypercholesterolaemia, gastro-oesophageal
reflux disease, spondylosis, glaucoma, hyperten-
sion, lacunar stroke, transient ischaemic attack,
vitamin B, deficiency and vascular dementia.
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Figure 1  y-Glutamyl cycle.

Her long-term treatment included hydromorphone, parac-
etamol, topiramate, paracetamol-codeine-doxylamine, doxyl-
amine, colecalciferol, aspirin, duloxetine, pantoprazole,
prednisolone, docusate, macrogol, hydroxocobalamin, salbu-
tamol and denosumab.

On presentation, she was initially afebrile, heart rate of 95
bpm, respiratory rate of 25 breaths per minute and oxygen satu-
ration of 96%. On examination, there were crackles on the right
base, dual heart sounds with no murmurs and no peripheral stig-
mata of infective endocarditis. She was subsequently treated for
pneumonia and urinary tract infection with intravenous pipera-
cillin—tazobactam. The working diagnosis was S. aureus bacter-
aemia secondary to a pulmonary source.

The patient was transferred to the closest tertiary hospital as
the eventual need for further investigations, including a trans-
oesophageal echo, was anticipated in the context of S. aureus
bacteraemia. The treatment of her bacteraemia was eventu-
ally changed to intravenous flucloxacillin (2g four times daily)
once sensitivities were confirmed. Flucloxacillin was planned to
continue for a further 5weeks via peripherally inserted central

catheter (PICC) on an 8g/24 hours infuser that was monitored
via hospital in the home (HITH).

Four weeks into the HITH treatment, the patient developed
nausea and was investigated with blood results that showed
worsening renal function associated with HAGMA. She was
subsequently referred back to the regional hospital. Her heart
rate was 105 bpm, respiratory rate of 20 breaths per minute and
O, sat 98% on room air. At that point, HAGMA was attributed
to an acute kidney injury (AKI). Following adequate fluid resus-
citation, HAGMA and AKI persisted. She was investigated for
the AKI with a renal ultrasound which was negative and there
were no eosinophils found in the urine. Interstitial nephritis
secondary to flucloxacillin use was considered as another reason
for her AKI but was deemed unlikely. The treatment plan was
to commence sodium bicarbonate 840 mg once daily following
consultation with the renal team. Ultimately, further investiga-
tions for the AKI were completed at the tertiary hospital. The
HAGMA was suspected to be caused by the concurrent use of
flucloxacillin and paracetamol. As a result of this, flucloxacillin
was changed to cefazolin and the patient transferred again to

Table 1 Electrolytes over time
A day after One week after

At baseline before flucloxacillin flucloxacillin

flucloxacillin PGA confirmed ceased ceased Unit Reference
Sodium 140 137 148 140 mmol/L 135-145
Potassium 3.9 2.8 4.2 3.8 mmol/L 3.5-5.2
Chloride 104 1M 121 110 mmol/L 95-110
Bicarbonate 22 9 1 21 mmol/L 22-32
Anion gap 14 17 16 9 mmol/L 4-13
Urea 12.6 6.2 6.2 5.4 mmol/L 2.9-8.2
Creatinine 106 206 204 147 pmol/L 36-73
Urea/creatinine 119 30 30 37 40-100
eGFR 44 20 20 30 mL/min/1.73 m? >60

eGFR, estimated glomerular filtration rate; PGA, pyroglutamic acidosis.
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Table 2 Venous blood gas analysis over time

At baseline After a day

before PGA flucloxacillin

flucloxacillin confirmed ceased Unit Reference
pH 7.38 7.26 7.44 - 7.35-7.45
pCo, 40 20 16 mmHg  32-48
po, 26 37 18 mmHg  30-40
Bicarbonate 23 9 1" mmol/L  22-32

PGA, pyroglutamic acidosis.

a tertiary facility pending further investigations as well as
suspected pulmonary embolism following reports of chest pain.

INVESTIGATIONS

Baseline before flucloxacillin

The initial working diagnosis was community-acquired pneu-
monia (pH of 7.38; pCO, 40mmHg; pO, 26 mmHg; bicar-
bonate 23 mmol/L; anion gap 14 mmol/L). The patient reported
having been treated for recurrent chest infections by her GP with
oral antibiotics without improvement. On admission to hospital,
her initial heart rate was 95 bpm, respiratory rate was 25 breaths
per minute (tachypnoea) and O, sat was 96% on room air. A
chest X-ray was performed which showed consolidation in the
right lower lobe that was consistent with the clinical presenta-
tion of pneumonia. Initially, the patient was treated with broad-
spectrum piperacillin-tazobactam following the collection of
relevant cultures. Sputum samples before transfer to tertiary
facility grew S. aureus sensitive to flucloxacillin, cefazolin, clin-
damycin and co-trimoxazole. A urine sample showed Klebsi-
ella pneumoniae sensitive to amoxicillin clavulanate, cefazolin,
trimethoprim and gentamicin and resistant to ampicillin and
nitrofurantoin. Blood cultures grew S. aureus that was sensitive
to flucloxacillin and cefazolin while resistant to Penicillin G. It is
worthy mentioning that S. aureus was grown on several sputum
cultures in the 8 months preceding admission coinciding with
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the aforementioned recurrent chest infections. As the blood
cultures grew S. aureus sensitive to flucloxacillin, intravenous
flucloxacillin (2 g four times daily) was then commenced.

The patient was transferred to the closest tertiary hospital
where she was reviewed by the infectious disease and respira-
tory teams. The final working diagnosis was methicillin-sensitive
S. aureus (MSSA) bacteraemia secondary to a cavitating lower
lobe pneumonia. CT chest and abdomen demonstrated right
lower lobe pneumonia with cavitations. During this admission,
she underwent transthoracic and trans-oesophageal echocardio-
grams which did not reveal any evidence of infective endocar-
ditis. An MRI of the spine excluded discitis and osteomyelitis.
Ultimately, the long-term steroid use for polymyalgia rheumatica
was identified as a major contributing factor to immune suppres-
sion and a plan to wean steroids was formulated. Finally, a PICC
was inserted and the plan was for ongoing intravenous flucloxa-
cillin 2 g every 4 hours with ongoing infectious disease and respi-
ratory reviews in addition to follow-up imaging in 4 weeks’ time.
Flucloxacillin was planned to continue for a further 5 weeks via
PICC on an 8 g/24 hours infuser that was monitored via HITH.

HAGMA cause identified

The patient was referred back to the regional hospital due to
deteriorating renal function found on blood tests performed for
the investigation of nausea while under HITH (table 1). A repeat
chest CT scan showed a small focus of right lower lobe consoli-
dation with small pulmonary cavitating nodules which is indica-
tive of a potential secondary atypical infection.

The venous blood gas showed acidaemia (pH 7.26; pCO,
20mmHg; pO, 37 mmHg; bicarbonate 9 mmol/L) with under-
lying significant high anion gap metabolic acidosis. At this point,
PGA was suspected to be caused by flucloxacillin and parac-
etamol. The patient was found to have a blood pyroglutamic
acid concentration of 7467 pmol/L and urine concentration of
1700 mmol/mol creatinine (<110 mmol/mol creatinine) a day
after flucloxacillin was discontinued.
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Figure 2 y-Glutamyl cycle and the effect of long-term paracetamol and flucloxacillin in promoting pyroglutamic acidosis.
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Prior to transfer to the tertiary facility, a chest X-ray was
performed to investigate the reported chest pain, but there were
no significant findings. A ventilation and perfusion scan was
performed at the tertiary hospital and showed no evidence of a
pulmonary embolism.

HAGMA resolved after cessation of flucloxacillin

A pyroglutamic acid level was able to be taken at the tertiary
facility and the level came back at 7467 umol/L (normal range is
20-50 umol/L) and urinary level of 1700 mmol/mol creatinine
(<110 mmol/mol creatinine). Cefazolin was adjusted for renal
impairment and paracetamol was continued while admitted at
the tertiary facility although ideally this should have been ceased.

The patient was then back-transferred to the regional hospital
after her HAGMA had started to improve. It was decided to
change her antibiotics to oral amoxicillin—clavulanic acid as she
was nearing the completion of her intended course for MSSA
bacteraemia. Paracetamol was continued for pain management
although ideally should have been ceased to help resolve the
HAGMA. Her condition continued to improve and HAGMA
completely resolved before she was discharged home.

A third CT chest at the regional hospital showed that there was
moderate improvement of the multifocal consolidation bilater-
ally. However, there was a new area of ground-glass calcifica-
tion within the anterior segment of the right upper lobe which
suggested a new focal infection.

A follow-up chest X-ray showed no significant consolidation.

TREATMENT

The HAGMA was initially of an unknown cause, so the patient
was commenced on sodium bicarbonate 840mg daily. The
venous blood gas showed acidaemia (pH 7.26; pCO, 20 mm Hg;
pO, 37mmHg; bicarbonate 9mmol/L) indicating significant
high anion gap metabolic acidosis (table 1). Usual causes for AKI
and HAGMA were considered and excluded. Eventually, PGA
was suspected to be caused by flucloxacillin and paracetamol
with the risk factors being chronic kidney disease and advanced
age.

The flucloxacillin was ceased and the patient was instead
treated with amoxicillin and clavulanic acid. This was sufficient
to resolve the HAGMA without the cessation of paracetamol or
the institution of a NAC infusion (table 2). In retrospect, at the
time, paracetamol could also have been ceased to help resolve
the HAGMA.

OUTCOME AND FOLLOW-UP

The patient was discharged on amoxicillin and clavulanic acid
and advised to complete an appropriate course. She was advised
to undergo a repeat CT scan and was referred to the respiratory
outpatient clinic. She was also advised to present to her GP for
further investigations of macrocytic anaemia. For the ensuing
months, as an outpatient her bicarbonate levels and kidney func-
tion remained at baseline.

DISCUSSION
Pyroglutamic acidosis is a rarely recognised cause of HAGMA.
The incidence of PGA is not known although it is likely to be
underdiagnosed considering the high prevalence of risk factors.
Those include advanced age, sepsis, malnutrition, uncontrolled
diabetes, female gender, chronic liver disease, chronic kidney
disease, iso-oxylopenicillin use and paracetamol use.''™"’

PGA results from decreased glutathione, which causes
increased production of pyroglutamic acid, and inhibition of

5-oxoprolinase, which decreases breakdown of pyroglutamic
acid. When glutathione levels are depleted, the negative feedback
on y-glutamyl cysteine synthetase is diminished and production
of pyroglutamic acid is favoured.'® Paracetamol contributes to
cysteine deficiency through direct conjugation and glutathione
deficiency via its metabolite N-acetyl benzoquinonemine that
binds irreversibly to glutathione.’® Synthetic penicillins (iso-
oxylopenicillin) such as flucloxacillin and dicloxacillin inhibit
5-oxoprolinase which prevents the degradation of pyroglutamic
acid to glutamate, thereby contributing to pyroglutamic acidosis
(refer to figure 2)."? 2°

In this case, the patient’s blood pyroglutamic acid level was
7467 umol/L, which is significantly higher than previously
detailed in other case reports. The urine pyroglutamic acid was
1700 mmol/mol creat (<110 mmol/mol creat). Nevertheless, it
is presently unknown as to how the degree of elevation of PGA
correlates to the symptoms or the degree of acidaemia. As such
in this case, it was associated with moderate acidaemia.

As with other organic acids, pyroglutamic acid is excreted in
the urine, leading to pyroglutamic aciduria.*' The patient had
an AKI on the background of chronic kidney disease which
decreases the elimination of pyroglutamic acid, further exacer-
bating the accumulation.

The diagnosis of PGA is often made on the basis of a medi-
cation history, arterial and venous acid-base analysis and exclu-
sion of more common causes of HAGMA. Definitive diagnosis
is based on plasma or urine pyroglutamic acid levels. However,
these specific tests are not performed widely which restricts its
implementation into clinical practice.”

The treatment and management of PGA-related HAGMA
involves ceasing offending medications and commencing best
supportive care. There have been cases where flucloxacillin has
been substituted for alternative beta-lactam penicillins, which
would support that PGA-related HAGMA occurs secondary to
iso-oxylopenicillins and that other beta-lactams are safe to use
in those instances.”>2° While flucloxacillin was ceased, in retro-
spect, paracetamol should have also been ceased. Some reports
discuss the use of bicarbonate supplements to stabilise the pH,
and NAC which has had some reported efficacy. However, the
evidence to support the use of NAC in HAGMA is limited and
the potential risks associated with NAC administration remain
unclear.”” *® The benefits of NAC are not well established with
risks of NAC administrations.” *° Ultimately, ceasing or substi-
tuting the offending medications as well as best supportive cares
seem to be sufficient in the treatment of PGA-related HAGMA.

Learning points

» Paracetamol and iso-oxylopenicillins are commonly prescribed
medications; therefore, it is important to be aware of adverse
effects of co-administration.

» Pyroglutamic acidosis (PGA) is a diagnosis of exclusion.

» In the appropriate clinical context, definitive diagnosis is
attained with a blood or urine level of pyroglutamic acid.

» Cessation of flucloxacillin was sufficient in resolving the
high anion gap metabolic acidosis (HAGMA) without an N-
acetylcysteine infusion in this case.

» In line with published literature, we recommend the cessation
of both iso-oxylopenicillin and paracetamol. However, in
this case, paracetamol was continued but still the HAGMA
resolved.

» Awareness of PGA is imperative to diagnosing and treating.
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