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Severe Anion Gap Metabolic Acidosis Resulting 
from Combined Chronic Acetaminophen Toxicity 
and Starvation Ketosis: A Case Report
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 Patient: Male, 68-year-old
 Final Diagnosis:	 5-oxoproline	toxicity	•	anion	gap	metabolic	acidosis	•	starvation	ketoacidosis
 Symptoms:	 Confusion	•	weakness
 Medication: —
 Clinical Procedure: —
 Specialty:	 General	and	Internal	Medicine	•	Nephrology

 Objective: Rare coexistence of disease or pathology
 Background: Chronic acetaminophen toxicity has been known to cause anion gap metabolic acidosis (AGMA) due to accu-

mulation of 5-oxoproline metabolites. This diagnosis requires a high index of suspicion because acetamino-
phen use is very common among patients, it is often difficult to gauge the extent of use, and patients often 
have multiple comorbid conditions complicating diagnoses.

 Case Report: A 68-year-old man with multiple medical comorbidities presented to the Emergency Department with recurrent 
generalized weakness. On all occasions, the patient denied focal weakness or infectious symptoms. He also 
denied ingestions other than prescribed medications, including acetaminophen 325 mg as needed, which he 
described taking “a couple times” a day. His vital signs were normal other than tachypnea to 28 breaths/min. 
The physical examination was notable for Kussmaul breathing pattern and slight confusion. The patient’s pri-
or 3 presentations were notable for profound AGMA, hypernatremia, acute kidney injury, and ketosis. As the 
patient’s blood urea nitrogen, blood sugar, liver tests, lactic acid, and serum osmolality were normal, the pa-
tient was diagnosed with “starvation ketosis” and received supportive care each time with fluids and sodium 
bicarbonate. Further investigation at his final admission revealed an elevated 5-oxoproline level and a delayed 
diagnosis of chronic acetaminophen toxicity.

 Conclusions: This report emphasizes the need for a high index of suspicion related to chronic acetaminophen toxicity and 
other ingestions contributing to a metabolic acidosis in at-risk populations, even when routine history is unre-
vealing. Furthermore, severe acidosis should prompt more extensive investigation when out of proportion to 
obvious routine etiologies.
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Background

Metabolic acidosis results from a reduction in serum bicar-
bonate concentration, with a usual secondary drop in arterial 
carbon dioxide concentration and reduction in blood pH [1]. 
Metabolic acidosis often results from the overproduction of 
organic acids, resulting in an elevated serum anion gap. This is 
defined as the sum of serum chloride and bicarbonate concen-
trations subtracted from the serum sodium concentration, with 
the upper limit of normal dependent on the laboratory [1,2]. 
Anion-gap metabolic acidosis (AGMA) commonly results from 
a decreased clearance of organic acids in chronic renal fail-
ure. Another often seen condition causing AGMA is lactic ac-
idosis, resulting from an overproduction or decreased clear-
ance of L-lactate in conditions such as sepsis or liver failure or 
excess accumulation of D-lactate in short-gut syndrome. This 
condition can also result from increased production of keto-
acids seen in the conditions diabetic and alcoholic ketoacido-
sis and starvation ketosis. Starvation ketosis AGMA includes 
ingestion of exogenous organic acids (eg, methanol, glycols, 
and salicylates) and the most recently recognized 5-oxopro-
line, a metabolite of acetaminophen [2,3].

Case Report

A 68-year-old man with a history of myelodysplastic syn-
drome, cerebrovascular accident, prostate cancer, chronic 
low back pain, hypertension, and depression presented to the 
Emergency Department (ED) with recurrent generalized weak-
ness. The patient had been seen in the ED 3 times prior in the 
past 6 months for the same clinical presentation. The patient 
had associated mild confusion, but no new focal weakness or 
other neurologic changes were apparent by history and neu-
rological examination at each of these visits, and an infectious 
evaluation was unremarkable. The weakness was of insidious 
onset each time, with gradual decline over several weeks. He 
denied any history of alcohol or drug use and denied any in-
gestions other than his prescribed medications. Of note, the 
patient was prescribed acetaminophen 325 mg as needed, 
which he described taking “1 to 2 pills a couple times a day.”

The patient was found to have anion gap metabolic acidosis 
at each of these visits, with a serum bicarbonate as low as 7 
meq/L, anion gap as high as 28 meq/L, and a venous blood gas 
pH of 7.17 with a pCO2 of 22 mmHg. His laboratory studies 

Visit 1 Visit 2 Visit 3
Visit 4 

(last	hospital	admission)

Serum bicarbonate (meq/L, normal 22-29) 12 10 7 8

Serum anion gap (meq/L, normal 6-12) 25 25 28 28

Serum sodium (meq/L, normal 135-145) 153 149 146 144

Serum potassium (meq/L, normal 3.5-5.1) 4.5 3.5 4.0 5.0

Serum chloride (meq/L, normal 98-107) 116 114 111 108

Serum calcium (mg/dL, normal 8.5-10.1) 9.2 9.1 9.1 10.2

Serum BUN (mg/dL, normal 6-24) 23 16 16 8

Serum creatinine (mg/dL, normal 0.74-1.35) 1.28 1.05 1.12 0.99

Serum glucose (mg/dL, normal 70-99) 116 109 103 111

Serum lactate (mmol/L, normal 0.5-2.2) 1.8 1.7 1.6 2.0

Urine ketones (mg/dL, normal negative) 40 40 15 5

Venous Blood Gas pH (normal 7.31-7.41) – – – 7.17

Venous blood gas pCO2 (mmHg, normal 41-51) – – – 22

Serum AST/SGOT (U/L, normal 5-35) 44 49 49 49

Serum ALT/SGPT (U/L, normal 12-78) 51 43 46 59

Serum alkaline phosphatase (U/L, normal 46-116) 191 160 148 172

Serum total bilirubin (mg/dL, normal 0.2-1.0) 0.4 0.3 0.3 0.6

Serum albumin (g/dL, normal 3.3-5.3) 3.1 3.1 3.0 2.5

Table 1. Laboratory profile of the patient at each presentation over 6 months.

Kalinoski T.: 
AGMA from acetaminophen and starvation ketosis

© Am J Case Rep, 2022; 23: e934410

e934410-2 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



were also notable for varying degrees of hypernatremia up to 
153 meq/L and acute kidney injuries, with up to 0.4 mg/dL 
creatinine elevation above his baseline. On these occasions, 
urine ketones were variably elevated (as high as 40 mg/dL), al-
though serum beta-hydroxybutyrate was normal when checked 
at his last presentation. At every visit, the patient’s serum lac-
tate was within the reference range of less than or equal to 2.0 
mmol/L, as were his blood urea nitrogen (BUN), blood sugar, 
liver function tests, and serum osmolality (Table 1).

Upon each visit to the ED, the patient was admitted to the hos-
pital for further management. The patient was diagnosed with 
starvation ketosis at one of the visits, assuming that his posi-
tive urine ketones were at least in part related to his acidosis. 

Test Result

Salicylate level (normal negative) Negative

Osmolal gap (mOsm/Kg, normal <10) 1

Serum beta-hydroxybutyrate (mmol/L, 
normal <0.5)

0.18

D-lactic acid (normal negative) Negative

Urine 5-oxoproline (mmol/mol creatinine, 
normal <70)

8,213

Blood alcohol level (normal negative) Negative

Table 2. Other laboratory studies.

Acetaminophen	
dose	(g/day)

Co-ingestions

Serum

pH
(7.31-
7.41)

pCO2
(mmHg,	
41-51)

HCO3
(meq/L,	
22-29)

Anion Gap
(meq/L,	
6-12)

Na+
(meq/L,	
135-145)

BUN
(mg/dL,	
6-24)

Cr
(mg/dL, 
0.74-
1.35)

Glucose
(mg/dL,	
70-99)

Trevor-Jones 
[5]

4.0 None 7.11 19 9.1 22 145 17.9 3.50 146

Hunter [6] – Alcohol 7.19 14 11 19 140 – 3.49 –

4.0 Alcohol – – 9.0 20 140 10.2 2.10 85

– Flucloxacillin 7.41 23 14 7 138 1.6 0.62 101

1.0 None 7.51 16 15 27 139 9.6 1.66 91

1.0 Flucloxacillin – – 14 16 145 5.3 0.86 –

Hodgman [7] – Alcohol 7.02 10 3.0 33 148 17 1.7 128

Bersselaar [9] 3.0 Flucloxacillin 7.16 53 18 18 143 – 1.79 –

Zand Irani 
[10,14]

– Flucloxacillin 7.26 20 9.0 17 137 6.2 2.33 –

– Dicloxacillin 7.31 27 14 21 – 28 3.67 256

Nordstrom 
O’Brian [11]

– Alcohol 7.10 7 28 – 6.4 0.79 –

Duewall [12] – None 7.09 28 10 22 140 59 3.6 –

Hundemer 
[13]

1.3 None 7.29 27 12 28 – – 0.9 –

Kortmann 
[15]

4.0 Flucloxacillin 7.12 11 3.5 30 143 – – –

– Alcohol 7.20 27 10 28 141 – 1.75 –

3.0 None 7.29 23 10 29 142 – 2.07 –

Howie [16] 3.0 None 7.26 9.5 4.2 25 134 – 0.89 49

Fenves [17] – None – – 8 47 145 123 5.9 85

– None 6.88 28 8 33 131 – 2.0 534

– Alcohol 7.16 14 5 24 143 – – 166

2.7 None 7.44 14 8 35 145 15 2.2 159

Table 3. Comparison of clinical characteristics of published cases.
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Other hospitalizations arrived at no definitive diagnosis. With 
each hospitalization, however, the patient did improve, both 
symptomatically and by laboratory evaluation, with the ad-
ministration of intravenous fluids (usually 5% dextrose with 
0.45% sodium chloride) over 2 to 3 days. The patient was al-
ways discharged home with primary care follow-up.

At the most recent presentation, the patient’s vital signs were 
normal, other than tachypnea to 28 breaths/min. The physical 
examination was notable for Kussmaul breathing pattern and 
slight confusion; otherwise, the cardiopulmonary and neurologic 

Acetamin-
ophen	dose 
(g/day)

Co-ingestions

Serum Urine	

Lactate
(mmol/L,	
0.5-2.2)

Acetamino-
phen	level
(mcg/ml,

<2)

5-Oxo-
proline
(µmol/L,	
20-50)

Ketones
(mg/dL,	
negative)

Ethanol
(mmol/L,	
negative)

5-Oxo- 
proline

(mmol/mol 
Cr,	<70)

Ketones
(mg/dL,	
negative)

Trevor-Jones 
[5]

4.0 None 1.2 – – 21 – 700 –

Hunter [6] – Alcohol 1.7 – – – – “+++” Negative

4.0 Alcohol 0.7 – – – – “+++” “++”

– Flucloxacillin – – – – – “+++” –

1.0 None 1.5 – – – – “+++” –

1.0 Flucloxacillin 0.9 – – – – “+++” Negative

Hodgman 
[7]

– Alcohol 3.1 49 – Negative Negative 2350 –

Bersselaar 
[9]

3.0 Flucloxacillin 1.1 – – – – 1721 –

Zand Irani 
[10,14]

– Flucloxacillin – – 7467 – – 1700 –

– Dicloxacillin 1.3 – 62 – – – –

Nordstrom 
O’Brian [11]

– Alcohol 5.2 24 – – Negative 2000 –

Duewall 
[12]

– None 0.4 Negative – “1: 8” Negative 8555 –

Hundemer 
[13]

1.3 None 0.8 Negative – – – 17455 Negative

Kortmann 
[15]

4.0 Flucloxacillin 0.7 3.2 6573 – – 16,623  Negative

– Alcohol 1.3 12 2292 – – 4184 Negative

3.0 None 1.6 – 1050 – – – Negative

Howie [16] 3.0 None 1.6 14 – – – 4970 “+”

Fenves [17] – None “Normal” – – Negative Negative 700 –

– None 15 6.8 6400 Negative – – –

– Alcohol 2.5 – 2800 Negative Negative 1000 –

2.7 None 4.3 – 1050 Negative – 2470 –

Table 3 continued. Comparison of clinical characteristics of published cases.

“–“ indicates that parameter was not indicated in cited article.

examinations were normal. He was found to have a serum bi-
carbonate level of 8 meq/L, anion gap of 28 meq/L, pH of 7.20, 
and sodium of 140 meq/L. His lactic acid level was 2.0 mmol/L, 
serum osmolality was 290 mOsm/kg (with an osmolal gap of 
1.0 mOsm/kg), and urine ketones were 5 mg/dL, with a serum 
beta-hydroxybutyrate level normal at 0.18 mmol/L. His elec-
trocardiogram revealed normal sinus rhythm. On admission, 
further analysis revealed a salicylate level of less than 5.0 mg/
dL, a negative D-lactic acid and blood alcohol level, but a urine 
5-oxoproline level of 8213 mmol/mol creatinine, with the ref-
erence range <62 mmol/mol creatinine (Table 2). The latter 2 
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tests required samples to be sent to a specialized outside lab-
oratory. The patient’s acetaminophen was held, and he was 
counseled extensively on cessation of use, with alternatives 
agents proposed for pain control. The patient’s acidosis cor-
rected with removal of the offending agent and administra-
tion of intravenous 5% dextrose with sodium bicarbonate over 
3 days. The patient’s mental status and breathing returned 
to normal by the second day of hospitalization. The patient’s 
generalized weakness improved, although it was not back to 
baseline at the end of hospitalization 1 week later, and he was 
discharged to a swing bed facility for further rehabilitation.

Discussion

Acquired 5-oxoproline toxicity was first recognized in asso-
ciation with chronic acetaminophen ingestion and anion gap 
metabolic acidosis in 1990, although the diagnosis remains 
challenging in part owing to patient reliability and lack of test 
availability [4]. In the cases reported in the literature, patients 
shared a history of chronic acetaminophen ingestion, although 
not at doses usually considered toxic (Table 3). Interestingly, 
the doses of the reviewed cases, when known, were all under 
4 g of acetaminophen total per day [5,6,9,13,15,16], and acet-
aminophen levels were not in the toxic range [4,5,11-13,15-17]. 
Some of these patients had an increased risk for acetamino-
phen toxicity with the concomitant use of alcohol or penicil-
lins, but excluding these cases, the most common risk factors 
included advanced age, female sex, malnutrition, kidney dys-
function, and/or multiple chronic illnesses [4-17]. The common 
thread uniting all of these risks is thought to be glutathione 
depletion or relative deficiency [4].

Of the cases reviewed, toxic encephalopathy was the most com-
mon presenting symptom, although many patients remained 
asymptomatic [5-17]. All had varying levels of AGMA and di-
agnosis achieved through urinary or plasma 5-oxoproline lev-
els. Patients generally had low or negative lactic acid and BUN 
levels. No patients were reported to have hypernatremia, and 

only 2 patients had concomitant ketosis diagnosed through 
urine studies [6,12].

Other than female sex and other drug or substance use, our 
patient encompassed all of the risk factors described above. 
Although he did not report excess acetaminophen use, he was 
at risk for chronic toxicity due to these comorbidities. What 
made this case more challenging was the ketosis observed 
on 3 out of 4 urinalysis specimens. As the patient’s blood glu-
cose was normal, he denied alcohol use, and was not on an 
SGLT2 inhibitor, this finding was diagnosed as starvation ke-
tosis. The ketosis, as well as the patient’s documented hyper-
natremia, were likely in part a result of unattainable hydration 
and nutrition brought on by his encephalopathy and profound 
weakness while acetaminophen toxic. As such, these labora-
tory abnormalities may have been an indirect consequence of 
his acetaminophen ingestion. However, as it is thought that 
chronic malnutrition can be a risk factor for acetaminophen 
toxicity, the relationship can go both ways, and this patient’s 
clinical picture may have been multifactorial [4]. While certain-
ly contributing to this patient’s acidosis, starvation ketosis is 
not usually expected to produce a profound acidosis to the de-
gree seen in this patient [18], and thus, an exploration of other 
contributing factors was necessary. A possible way to infer the 
presence of 5-hydroxyproline toxicity would be to obtain uri-
nary electrolytes to calculate a urine anion gap. However, the 
presence of other organic ions with this patient’s known ke-
tosis may have lowered the diagnostic utility in this case, and 
urinary electrolytes were unfortunately not collected.

Conclusions

Acquired 5-oxoproline toxicity related to chronic acetamino-
phen ingestion is an increasingly recognized etiology of AGMA. 
As the risk factors related to chronic acetaminophen toxici-
ty, even at moderate doses, often overlap with those causing 
starvation ketosis, co-occurrence is possible, and a high index 
of suspicion is required to make the diagnosis.
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