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Abstract
Purpose A patient was identified with severe metabolic aci-
dosis, a high anion gap and 5-oxoproline accumulation, prob-
ably caused by the simultaneous use of paracetamol
(acetaminophen) and flucloxacillin. We wanted to investigate
the necessity to control the interaction between both drugs
with an automatic alert system.
Methods To investigate the relevance of the interaction of
paracetamol and flucloxacillin, a retrospective study was
conducted. Data on paracetamol and flucloxacillin pre-
scriptions and laboratory data (pH, Na+, HCO3

−, Cl−, albu-
min and 5-oxoproline levels) were combined to assess the
prevalence of acidosis, calculate the anion gap and analyse
5-oxoproline levels in clinically admitted patients using both
drugs simultaneously.
Results In the 2-year study period, approximately 53,000 ad-
missions took place in our hospital. One thousand and fifty-
seven patients used paracetamol and flucloxacillin simulta-
neously, of which 51 patients (4.8%) had a serum pH ≤ 7.35.
One patient, the same patient as presented in the case report,
had a high anion gap and a toxic level of 5-oxoproline.

Conclusion The prevalence of metabolic acidosis is very low
and the only patient identified with the interaction was
recognised during normal clinical care. We conclude that au-
tomatic alerts based on simultaneous use of paracetamol and
flucloxacillin will generate too many signals. To recognise
patients earlier and prevent severe outcomes, a warning sys-
tem (clinical rule) based on paracetamol, flucloxacillin and pH
measurement may be helpful. Early calculation of the anion
gap can narrow the differential diagnosis of patients with met-
abolic acidosis and measurement of 5-oxoproline can explain
acidosis due the interaction of paracetamol and flucloxacillin.
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Introduction

Metabolic acidosis in patients admitted to the hospital is asso-
ciated with morbidity and mortality. It is necessary to recog-
nise the cause of the acidosis in order to intervene quickly
and to treat effectively. On basis of multiple case reports, a
specific cause of metabolic acidosis in hospital patients
has been recognised, i.e. increased levels of 5-oxoproline
(pyroglutamic acid) due to the interaction between paracet-
amol (acetaminophen) and flucloxacillin [1–7].

The amino acid 5-oxoproline is an intermediate of the
γ-glutamyl cycle. This cycle is involved in the breakdown
of amino acids through an interaction with glutathione
(Fig. 1). Glutathione has a negative feedback on γ-glutamyl-
cysteinesynthetase. In cases of low glutathione levels, the
limited negative feedback ensures sufficient formation of
γ-glutamyl-cysteine from which glutathione is formed
[8–10]. An excess of 5-oxoproline could be formed in
the metabolism of drugs. An example of such drug is
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paracetamol, which is oxidised to the toxic metabolite N-
acetyl-P-benzoquinonimine (NAPQI). NAPQI binds rapidly
to glutathione, and may result in lower glutathione levels, es-
pecially at toxic dosages or long-term supratherapeutic levels
of paracetamol. It is also assumed that NAPQI binds glutathi-
one synthase and inhibits the formation of glutathione [2]. As a
consequence of low glutathione and the lack of negative
feedback, an increase of γ-glutamyl-cysteine production takes
place. The excess γ-glutamyl-cysteine is converted into
5-oxoproline, an earlier intermediate in the cycle [8–10].

Various case reports suggest that the antibiotic flucloxacillin
can inhibit the activity of 5-oxoprolinase: the enzyme involved
in the conversion of 5-oxoproline in glutamic acid [3, 4, 9].
Decreased activity of 5-oxoprolinase could lead to accumula-
tion of 5-oxoproline, thereby lowering the serum pH by disso-
ciation of the hydrogen ion of the acid group 5-oxoproline.

Theoretically, simultaneous use of paracetamol and
flucloxacillin results in an increase of 5-oxoproline by (1)
the depletion of glutathione, (2) increased conversion of
γ-glutamyl cysteine to 5-oxoproline and (3) decreased con-
version of 5-oxoproline to glutamic acid.

As 5-oxoproline is an anion at physiological pH, accumu-
lation of this anion can influence the anion-cation equilibrium
between the available anions and cations in the blood. This
equilibrium can be calculated with anion and cation levels.
Due to the accumulation of 5-oxoproline, the calculated anion
gap increases [11, 12].

The combination paracetamol and flucloxacillin is com-
monly used in hospitals and general practice, and the ques-
tion arises if this interaction should be checked by auto-
matic alert systems. Whether this would be a proportional
safety measure depends on the absolute prevalence of this
interaction, which is currently not known.

In this paper, we will discuss a patient with severe met-
abolic acidosis probably caused by the combination of
paracetamol and flucloxacillin. To investigate the rele-
vance of this interaction in clinical practice, we performed
a single-centre retrospective study. The following research
questions described: (1) How many of the inpatients re-
ceive a combination of paracetamol and flucloxacillin?
(2) How many of these patients suffer from acidosis during
or directly after simultaneous use of these two drugs? (3)
How many of the patients receiving both drugs and having
an acidosis also have an anion gap? (4) In how many pa-
tients with low serum pH were 5-oxoproline values mea-
sured and excessively high?

Case

A 73-year-old male, with a history of haemophilia B,
chronic hepatitis B, diabetes type 2 and (presumably hy-
pertensive) chronic kidney disease stage III, was treated
for a soft tissue infection with bacteremia caused by
Staphylococcus aureus following total hip replacement.
The patient developed progressive tachypnoea, a progres-
sive confusion state and was malnourished, while his other
vital signs remained unaffected. On laboratory evaluation
there was a partially respiratory compensated metabolic
acidosis (pH value of 7.34 (ref. 7.35–7.45); pCO2

2.4 kPa (ref. 4.4–6.3 kPa)). The calculated anion gap at this
moment was 19.9 mmol/L (Na+ 160 mmol/L (ref.135–
145 mmol/L), Cl− 130 mmol/L (ref. 98–107 mmol/L),

Fig. 1 y-Glutamyl cycle (a) and effect of paracetamol and flucloxacillin
on the y-glutamyl cycle (b). a In the γ-glutamyl cycle the rate
limiting step is the conversion of glutamic acid to γ-glutamyl-cysteine
by γ-glutamyl-cysteinesynthetase [8]. Glutathione has a negative
feedback on this conversion. In case of lower glutathione levels the
formation of glutathione is increased. b However, glutathione can be
depleted when it is needed intensively, such as in the metabolism of
drugs. In the case of paracetamol, the toxic metabolite of paracetamol
N-acetylbenzoquinonimine (NAPQI) binds irreversible to glutathione,
and perhaps glutathione synthetase, by which glutathione levels can be
depleted [2]. Enough y-glutamyl cysteine is produced, but the addition of
glycine to y-glutamyl cysteine to form glutathione is too slow to provide
for the demand. This is the new rate limiting step (dashed line).
The intracellulair concentration of γ-glutamyl-cysteine increases and
a part of the overproduced y-glutamyl cysteine is converted back to 5-
oxoproline (an earlier intermediate) by γ-glutamyl-cyclotransferase
(dashed line) [8–10]. Flucloxacillin could decrease the activity of 5-
oxoprolinase (T form) [3, 9]. This enzyme is involved in the conversion
of 5-oxoproline in glutamic acid. A decreased activity can cause
accumulation of 5-oxoproline

1460 Eur J Clin Pharmacol (2017) 73:1459–1465



HCO3
−10.1 mmol/L (ref. 23–29 mmol/L)). As albumin con-

tributes to the anion-cation equilibrium and the albumin level
of this patient was low (23 g/L (ref. 35–50 g/L)), the calculated
anion gap was corrected to 18.7 mmol/L (ref. 8–16 mmol/L).
The anion gap in this patient was high and more unmeasured
anions were available in the bloodstream than under normal
conditions. All common causes of acidosis, such as diabetic
ketoacidosis, lactic acidosis and end-stage renal failure, were
not applicable in this situation [12]. Lactate values were with-
in normal limits 0.9–1.0 mmol/L (ref. 0.4–2.0 mmol/L). The
possibility of unknown ingested poisons was unlikely, as the
patient was already hospitalised for some time and had no
access to exogenous substances.

For 14 days, the patient had been receiving 6 g i.v.
flucloxacillin per day. Paracetamol 1 g three times daily (tid)
was given i.v. initially for pain relieve and was changed to
rectal administrations in the same dose. Further treatment
consisted of cyclokapron 1000 mg tid; tolbutamide 500 mg
twice a day (bid) and haldol droplets bid; alfacalcidol 0.25 μg,
thiamine 100 mg, melatonin 3 mg and benefix 6000 IE all
once a day (qd); insulin was dosed based on glucose levels.
A duodenum tube was placed for additional feeding.

The sodium levels normalised, but he remained confused.
Since no other cause for themetabolic acidosis could be found,
the possibility of accumulation of 5-oxoproline by paracetamol
and flucloxacillin was recognised and the treatment with para-
cetamol was stopped. The antibiotic treatment of flucloxacillin
was switched to ciprofloxacine 400 mg bid and ceftriaxone
2000 mg qd. N-acetylcysteine was preventively started as an
antidote of the toxic metabolite NAPQI. Combined with oral
administrations of sodium bicarbonate 1000 mg four times
daily and a single i.v. administration of 8.4 g, the serum levels
HCO3

− increased rapidly (Supplementary material) and there
was a restoration of normo-acidemia.

The concentration of paracetamol level was measured to
exclude toxic paracetamol levels. Thirteen hours after dis-
continuation of the prescription of paracetamol, the para-
cetamol levels were 2 mg/L (ref. therapeutic concentrations
10–20 mg/L). With the relatively low level of 2 mg/L, it
can be concluded that the paracetamol level was not within
toxic levels. The malnourished state of the patient could be
a contributing factor to low glutathione stores, leading to
high 5-oxoprline levels [13]. 5-Oxoproline concentration
in the urine of the patient was 10 mmol/mmol creatinine
(ref. < 0.1 mmol/mmol creatinine). Shortly after, the patient
died from cardio-respiratory failure.

Methods

To answer the research questions, we performed a retrospec-
tive study. We used an earlier collected prescription database
of the hospital pharmacy from patients clinically admitted in

our tertiary referral centre, the Academic Medical Center,
Amsterdam, the Netherlands (AMC) and linked these data to
the clinical laboratory data on serum pH, electrolytes (Na+,
Cl−, HCO3

−), albumin and 5-oxoproline measurements.

Determination of simultaneous use of paracetamol
and flucloxacillin

The prescription database of the pharmacy contained data
from November 2010 until October 2012. The prescriptions
for patients on the intensive care units (ICU), operating rooms
(OR) or recovery rooms were not included in this database.
From the prescription database of the pharmacy, clinically
admitted patients were selected with simultaneous use of para-
cetamol and flucloxacillin.

Patients were included until the prescription(s) of one of the
drugs or both drugs were stopped for more than 24 h. In case
of restart of both drugs within 24 h, for example due to relo-
cation within the hospital, a consecutive period of use was
indicated. If both drugs were restarted after 24 h, this was
indicated as a separate period of simultaneous use for a single
patient.

Identification of patients with acidosis

The patients selected from the pharmacy database were linked
to the available laboratory data, by an electronic database
search based on patient identification number.

To obtain the prevalence of acidosis patients with a se-
rum pH value of ≤ 7.35, measured within the period of
simultaneous use of both drugs until 48 h after one of the
drugs had been stopped, were selected. We used 48 h as
cut-off value for evaluating the laboratory data, because it
is not known how fast the 5-oxoproline levels and the other
measured laboratory values change to normal levels after
discontinuation of the drugs. Normally after withdrawal,
paracetamol and flucloxacillin are no longer within thera-
peutic plasma concentrations after <24 h. However, the
included patients were all hospitalised in a tertiary referral
centre, and could have had abnormal liver and kidney func-
tions. In these patients, the drugs could be present longer in
the circulation and therefore affect the γ-glutamyl cycle. In
order to obtain all available information, we used a longer
period (48 h) for evaluating the laboratory data.

Multiple laboratory measurements were available dur-
ing the period of simultaneous use for a single patient. In
order to evaluate the data of all patients in the same way,
we used the first available data after start of the treatment
of both drugs and for the consecutive days we used the
laboratory measurements closest to noon of each day in
the period of simultaneous use. This is different compared
to clinical practice were each moment of measurement is
used, as in the presented case.
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Calculation of anion gap

From the available laboratory data, the anion gap was calcu-
lated for the patients with a serum pH ≤ 7.35. The best way to
relate the serum pH and calculate the anion gap is to use the
data of blood withdrawals taken at one single moment to cal-
culate the anion gap correctly. Over time, small changes in the
anion-cation equilibrium are common and can influence the
calculated anion gap.

Different calculationmethods and reference ranges are pos-
sible to determine the anion gap. More information can be
found in the supplementary material. The anion gap could
be best represented in our centre with the following equation:

Anion gap ¼ Naþ−Cl−−HCO3
−

The reference range accompanying this calculation is
8–16 mmol/L.

For albumin levels below 35 g/L, the anion gap was adjust-
ed using the following equation:

Adjusted anion gap ¼ Naþ−Cl−−HCO3
−ð Þ− 35−Albuminð Þ

10

Relation to 5-oxoproline levels

To obtain insight into the measurement and values of 5-
oxoproline in patients using both drugs and having low serum
pH, an electronic search was conducted on basis of the patient
identification number.

Data analysis

Data of the patients were evaluated and registered anony-
mously. All procedures performed were in accordance with
the ethical standards of the institution and national research
committee. The Medical Ethical Committee of the AMC pro-
vided a letter of no objection to perform the study as formal
consent of patients is not required in the Netherlands for ret-
rospective studies. Data were analysed in SPSS statistics 23
by frequencies and percentages were calculated using cross
tabs of nominal values.

Results

Simultaneous use of paracetamol and flucloxacillin

In total, 1057 inpatients had a prescription for paracetamol and
flucloxacillin at the same time between October 29th 2010
and October 31th 2012 (Fig. 2). In this period, there were
approximately 26,500 hospitalizations in our centre each year
[14, 15]. Therefore, the percentage of patients using both

drugs simultaneously is approximately 2% of all 53,000
hospitalizations.

Acidosis during simultaneous use

From the 1057 patients, 51 patients (4.8%) had a serum pH
value of ≤ 7.35 during the period of simultaneous use, or
within 48 h of discontinuation of 1 or both drugs. When the
result of simultaneous use of paracetamol and flucloxacillin is
included (1057 patients out of 53,000 hospitalizations), ap-
proximately 0.1% of all hospitalised patients have risk of hav-
ing acidosis during the use of both drugs.

From these 51patients, 28 patients had multiple periods of
simultaneous use. For 6 patients, the next period of combined
use started between 24 and 48 h after discontinuation of 1 or
both drugs. The time between the different periods of com-
bined use was between 49 h and a couple of months for the
other 22 patients.

Only 12 patients had an acidosis within 48 h after 1 or both
drugs were stopped.We assumed that all other patients did not
have an acidosis. This includes the patients of whom the se-
rum pH was not measured, as this measurement was not indi-
cated for their treatment.

Acidosis and anion gap during simultaneous use

Of the 51 patients with low serum pH, 16 patients had suffi-
cient data to calculate the anion gap (Table 1). From the other
35 patients, not all necessary electrolytes were measured in
one blood withdrawal; in most cases, the chloride value was
missing and therefore the anion gap could not be calculated
accurately for these patients.

Five out of 16 patients showed an anion gap below the
reference range of 8–16 mmol/L during simultaneous use or
within 48 h after withdrawal of one of the drugs. Only one
patient had an anion gap above the reference range namely,
18.4mmol/L (ref. 8–16mmol/L). This was the same patient as

Fig. 2 Number and percentages of included patients in the study
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presented in the case.When combinedwith the admission data
this would give a prevalence of approximately 0.002% of all
admitted patients. For ten patients, the calculated anion gap
was within the reference range.

Acidosis and high 5-oxoproline values

Of only 2 out of the 51 patients with a low serum pH, organic
acids in urine were measured. Only one patient had high urine
level of 5-oxoproline. This was the same patient as presented
in the case report. The 5-oxoproline levels of the second pa-
tient, numbered 1 in Table 1, were below the reference of
< 0.1 mmol/mmol creatinine.

Discussion

We presented a patient with severe metabolic acidosis.
Simultaneous use of paracetamol and flucloxacillin was prob-
ably the cause of the acidosis, as the 5-oxoproline concentra-
tion in urine was significantly increased to the toxic level of
10 mmol/mmol creatinine (reference <0.1 mmol/mmol creat-
inine) and all common causes for acidosis were not applicable.

As severe acidosis is potentially life threatening, we inves-
tigated the prevalence of the paracetamol and flucloxacillin
interaction in relation to acidosis, high anion gap and increased

5-oxoproline levels in urine in clinically admitted patients in
our tertiary hospital.

We limited the scope of this study to patients with mea-
sured pH values ≤ 7.35, thereby excluding patients with fully
respiratory compensated metabolic acidosis. In these patients,
the acidosis was probably less severe and the patient could
cope with the acidosis by other mechanisms. As measurement
of serum pH is often performed after HCO3

− measurements,
we only included the patients with more severe acidosis and
possibly patients with unrecognised acidosis.

In this retrospective study, we identified only one patient
with a high anion gap metabolic acidosis. This is the same
patient as presented in the case (subject 7 in Table 1).
From 1057 patients using both drugs, this single patient with
high 5-oxoproline levels, probably due to this drug interaction
was identified in clinical practice. Therefore, we can conclude
that the current lack of surveillance policy in regard to this
interaction is acceptable. However, the severity could possibly
be decreased if the interaction was recognised earlier.

The retrospective design of this study is a limitation and
may have led to underestimation of the reported prevalence
numbers. Four issues could be identified: (1)We had only data
available collected from regular patient care. Although unlike-
ly, we may have missed patients, because measurements such
as serum pH or certain electrolytes were not always indicated
for the treatment of the patients. (2) We used a prescription

Table 1 Serum concentrations and calculated anion gap of patients with acidosis during and after simultaneous use of paracetamol and flucloxacillin

Subject pH Na (mmol/L) Cl (mmol/L) HCO3
(mmol/L)

K (mmol/L) Albumin
(g/L)

Anion gap
(mmol/L)

Adjusted anion gap
(mmol/L)

During simultaneous use

1 7.26 133↓ 107 23.4 3.4↓ 22 2.6 1.3

2 7.35 128↓ 106 18.8↓ 3.6 3.2 NA

3 7.31 136 108 23.3 3.8 4.7 NA

4 7.33 149↑ 113↑ 28.1 4.9↑ 7.9 NA

5 7.29 135 94↓ 31.5↑ 4.4 9.5 NA

6 7.31 131↓ 103 18.2↓ 4.6↑ 34 9.8 9.7

7 7.33 153↑ 122↑ 12.6↓ 3.4↓ 18.4 NA

Within 48 h after simultaneous use

8 7.34 133↓ 106 23.1 4.5 3.9 NA

9 7.23 127↓ 106 15↓ 3.8 6 NA

10 7.34 137 111↑ 18.7↓ 4.3 7.3 NA

11 7.35 143 106 28.2 3.9 8.8 NA

12 7.19 132↓ 102 21↓ 3.8 9 NA

13 7.34 151↑ 118↑ 23.7 2.6↓ 9.3 NA

14 7.26 138 106 19.6↓ 4.6↑ 12.4 NA

15 7.25 138 109↑ 16.3↓ 6.3↑ 12.7 NA

16 7.3 134↓ 107 12↓ 5.9↑ 15 NA

Arrow down: measured electrolyte below reference range of electrolyte. Arrow up: measured electrolyte above reference range of electrolyte. Reference
ranges: Na (sodium): 135–145 mmol/L, Cl (chloride) 98–107 mmol/L, HCO3: bicarbonate 23–29 mmol/L, K (), 3.5–4.5 mmol/L

NA not available
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database instead of data on the actual administration of para-
cetamol and flucloxacillin to the patients. Especially for a drug
as paracetamol, which is often prescribed for use on request on
basis of pain, the absence of administration information is a
major limitation. (3) The drugs prescribed on ICU, OR and
recovery rooms were not included in the pharmacy database.
Patients receiving paracetamol and flucloxacillin exclusively
at these units were not included. However, patients at these
units often receive other pain medication such as opioids in-
stead of paracetamol. (4) The 53,000 admitted patients in the
hospital could include multiple admissions of a single patient.
In contrast to the admission number, patients included in this
study were only calculated once.

From the data set, it became clear that pH measurements
and individual electrolytes are not always measured from the
same blood withdrawal in normal patient care. Therefore, ac-
curate calculations of the anion gap were not possible for all
patients with acidosis. Furthermore, compared to the other
electrolytes, chloride was often lacking or was taken at an
earlier or later time point. Small changes could already influ-
ence the calculated anion gap by some points.

Five out of 51 patients with acidosis in this study had
an anion gap below the reference range. Theoretically, one
expects a high anion gap due to increased levels of the anion
5-oxoproline. Therefore, the acidosis measured in the patients
with a low anion gap was probably caused by factors other
than 5-oxoproline. More information about this subject can be
found in the supplementary material.

Regarding generalizability of our data, we remark the fol-
lowing. Despite the use of an older database (Nov. 2010-
Oct. 2012), the prevalence of high anion gap metabolic
acidosis caused by simultaneous use of paracetamol and
flucloxacillin has probably not changed as both drugs are
commonly used in patient care and the prescribing policy
has not changed in the Netherlands over recent years. We
only included patients admitted into a tertiary referral cen-
tre resulting in including patients with more risk factors for
developing acidosis. In case reports, several other risk fac-
tors for acidosis are mentioned, such as female gender, age,
chronic alcoholism, liver and end-stage renal dysfunction,
sepsis and malnutrition [7–9, 16, 17].

Automatic alert systems based only on simultaneous use of
paracetamol and flucloxacillin is not supported by the very low
risk of metabolic acidosis we found during the combined use of
paracetamol and flucloxacillin and the identification of the only
patient with metabolic acidosis during clinical practice. As both
drugs are used frequently in hospitals and general practice, a lot
of unnecessary signals would be created and contribute to alert
fatigue. Alert systems based on toxic paracetamol levels are not
representative, as the patient presented in the case had a sub-
therapeutic paracetamol level. The development of a clinical
rule, in which physicians and pharmacists are alerted on basis
of combined pharmacy, laboratory data and clinical data, could

be a good alternative. This clinical rule should be based on
simultaneous use of paracetamol and flucloxacillin and pH val-
ue ≤ 7.35. Based on the data of the current study only for 25
patients alerts will be generated each year. This would probably
not increase the risk of alert fatigue but can alert the physicians
and pharmacists for possible harm to a patient earlier.

After receiving an alert on basis of the clinical rule, we
advise to measure all the necessary electrolytes, including
chloride, for calculating the anion gap and narrowing the dif-
ferential diagnosis. A high anion gap is a strong indication
towards a 5-oxoproline accumulation when paracetamol
and flucloxacillin are used simultaneously. Measurement of
5-oxoproline is directly indicated to identify the interaction
with certainty and have insight into the severity of the accu-
mulation. At this moment, the measurement of 5-oxoproline is
not always available and is time consuming.

To improve the selection of patients with the clinical rule
and create less unnecessary alerts, prospective research into
risk factors such as malnutrition, sepsis, liver and renal failure
is needed. This prospective study could be performed on basis
of the proposed clinical rule. In this study, the scope could be
extended to patients with acidosis and respiratory compensa-
tion by selecting patients on low HCO3

− levels first and se-
quentially on low pH values. Additionally, it is recommended
to use information from the patient on drug use at home,
the actual administration data of both drugs and to measure
the 5-oxoproline values in order to obtain a clear relationship
between the acidosis and the simultaneous use of both drugs.

Conclusion

Our data indicate that the prevalence of clinical manifestations
of high anion gap metabolic acidosis is very low in patients
using paracetamol and flucloxacillin simultaneously. The only
patient identified was the same patient presented in the case
report. On basis of these data and the identification of this
patient during normal patient care, we can conclude that the
current surveillance policy is correct. Interaction warning sys-
tems on basis of prescription data alone should not be imple-
mented, due to the low prevalence and the risk of alert fatigue.

However, a clinical rule combining data of paracetamol,
flucloxacillin prescriptions and pH values could be imple-
mented in order to recognise these patients earlier and treat
them effectively to reduce harm. When alerted by acidosis
and combined drug use, all necessary electrolytes, includ-
ing chloride, needs to be measured in order to calculate the
anion gap and to narrow the differential diagnosis. Also,
measurement of 5-oxoproline levels in blood or urine is
indicated to identify the interaction of these two drugs with
certainty and to have insight into the severity of the accu-
mulation. These steps are needed to be taken even in case of
subtherapeutic levels of paracetamol and/or flucloxacillin.

1464 Eur J Clin Pharmacol (2017) 73:1459–1465



Acknowledgements Wewould like to A. Beganovic and the Department
of Clinical Chemistry of our hospital for their support in collecting the data
used in this study.

Authors’ contributions J.K. Berbee and E.M. Kemper designed and
conducted the study, analysed the data, interpreted the results and pre-
pared and finalised this drafted manuscript. C.T.P. Krediet presented the
patient and was involved in the diagnosis as the patient’s physician and
reviewed the manuscript. J.C. Fischer and L.A. Lammers provided com-
ments, collaborated in the study and reviewed the manuscript.

Compliance with ethical standards

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

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Rolleman EJ, Hoorn EJ, Didden P, Zietse R (2008) Guilty as
charged: unmeasured urinary anions in a case of pyroglutamic ac-
idosis. Neth J Med 66(8):351–353

2. Walker V, Mills GA, Anderson ME, Ingle BL, Jackson JM, Moss
CL, Sharrod-Cole H, Skipp PJ (2016) The acetaminophen metab-
olite N-acetyl-p-benzoquinone imine (NAPQI) inhibits glutathione
synthetase in vitro; a clue to the mechanism of 5-oxoprolinuric
acidosis? Xenobiotica; the fate of foreign compounds in biological
systems:1–12. doi:10.3109/00498254.2016.1166533

3. Croal BL, Glen AC, Kelly CJ, Logan RW (1998) Transient 5-
oxoprolinuria (pyroglutamic aciduria) with systemic acidosis in an
adult receiving antibiotic therapy. Clin Chem 44(2):336–340

4. Lanoy C, Bouckaert Y (2016) Metabolic acidosis and 5-
oxoprolinuria induced by flucloxacillin and acetaminophen: a
case report. J Med Case Rep 10(1):184. doi:10.1186/s13256-
016-0964-x

5. Luyasu S, Wamelink MM, Galanti L, Dive A (2014) Pyroglutamic
acid-induced metabolic acidosis: a case report. Acta Clin Belg
69(3):221–223. doi:10.1179/2295333714y.0000000022

6. Liss DB, Paden MS, Schwarz ES, Mullins ME (2013) What is
the clinical significance of 5-oxoproline (pyroglutamic acid) in high
anion gap metabolic acidosis following paracetamol
(acetaminophen) exposure? Clin Toxicol 51(9):817–827. doi:10.
3109/15563650.2013.844822

7. Dempsey GA, Lyall HJ, Corke CF, Scheinkestel CD (2000)
Pyroglutamic acidemia: a cause of high anion gap metabolic acido-
sis. Crit Care Med 28(6):1803–1807

8. Armenian P, Gerona RR, Blanc PD, Wu AH, Mookherjee S (2012)
5-oxoprolinemia causing elevated anion gap metabolic acidosis in
the setting of acetaminophen use. J Emerg Med 43(1):54–57. doi:
10.1016/j.jemermed.2011.06.017

9. Zand L, Muriithi A, Nelsen E, Franco PM, Greene EL, Qian Q, El-
Zoghby ZM (2012) Severe anion gap metabolic acidosis from acet-
aminophen use secondary to 5-oxoproline (pyroglutamic acid) ac-
cumulation. Am J Med Sci 344(6):501–504. doi:10.1097/MAJ.
0b013e318259bd45

10. Richman PG, Meister A (1975) Regulation of gamma-glutamyl-
cysteine synthetase by nonallosteric feedback inhibition by gluta-
thione. J Biol Chem 250(4):1422–1426

11. Morris CG, Low J (2008)Metabolic acidosis in the critically ill: part
1. Classification and pathophysiology. Anaesthesia 63(3):294–301.
doi:10.1111/j.1365-2044.2007.05370.x

12. Kraut JA, Madias NE (2007) Serum anion gap: its uses and limita-
tions in clinical medicine. Clin J Am Soc Nephrol : CJASN 2(1):
162–174. doi:10.2215/cjn.03020906

13. Langley SC, Kelly FJ (1992) Differing response of the glutathione
system to fasting in neonatal and adult guinea pigs. Biochem
Pharmacol 44(8):1489–1494

14. N.V. PA (2012) Maatschappelijk jaarverslag 2012 van het
Academisch Ziekenhuis en de Faculteit der Geneeskunde van de
Universiteit van Amsterdam

15. N.V. PA (2011) AMC Jaarverslag 2011 betreffende het Academisch
Ziekenhuis en de Faculteit der Geneeskunde van de Universiteit
van Amsterdam

16. Holman M, ter Maaten JC (2010) [Severe metabolic acidosis as a
result of 5-oxoproline in acetaminophen use]. Nederlands tijdschrift
voor geneeskunde 154:A1838

17. Kortmann W, van Agtmael MA, van Diessen J, Kanen BL, Jakobs
C, Nanayakkara PW (2008) 5-Oxoproline as a cause of high anion
gap metabolic acidosis: an uncommon cause with common risk
factors. Neth J Med 66(8):354–357

Eur J Clin Pharmacol (2017) 73:1459–1465 1465

http://dx.doi.org/10.3109/00498254.2016.1166533
http://dx.doi.org/10.1186/s13256-016-0964-x
http://dx.doi.org/10.1186/s13256-016-0964-x
http://dx.doi.org/10.1179/2295333714y.0000000022
http://dx.doi.org/10.3109/15563650.2013.844822
http://dx.doi.org/10.3109/15563650.2013.844822
http://dx.doi.org/10.1016/j.jemermed.2011.06.017
http://dx.doi.org/10.1097/MAJ.0b013e318259bd45
http://dx.doi.org/10.1097/MAJ.0b013e318259bd45
http://dx.doi.org/10.1111/j.1365-2044.2007.05370.x
http://dx.doi.org/10.2215/cjn.03020906

	Metabolic...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Case
	Methods
	Determination of simultaneous use of paracetamol and flucloxacillin
	Identification of patients with acidosis
	Calculation of anion gap
	Relation to 5-oxoproline levels
	Data analysis

	Results
	Simultaneous use of paracetamol and flucloxacillin
	Acidosis during simultaneous use
	Acidosis and anion gap during simultaneous use
	Acidosis and high 5-oxoproline values

	Discussion
	Conclusion
	References


