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Pr esen tation of C a se

Dr. Meredith Eicken (Medicine–Pediatrics): A 49-year-old man was admitted to this hos-
pital after being found outdoors in early autumn with obtundation, followed by 
increasing agitation.

On the afternoon of admission, the patient was found leaning up against a wall, 
unresponsive. With him was a half-filled bottle of cloudy liquid with possible pill 
fragments, as well as bottles of prescription medications that had been filled earlier 
that day, including trazodone (1 of 28 pills remaining) and risperidone, buspirone, 
and loratadine (each with all pills present). Emergency medical services were 
called. On examination of the patient in the field, the Glasgow Coma Scale (GCS) 
score was 4 on a scale of 3 to 15 (with lower scores indicating a lower level of con-
sciousness); he opened his eyes in response to painful stimuli but did not move or 
make any sounds. The blood pressure was 108/67 mm Hg, the pulse 90 beats per 
minute and regular, the respiratory rate 10 breaths per minute, and the oxygen 
saturation 97%. The skin was pink, warm, and dry, and the pupils were 3 mm in 
diameter, round, and reactive to light; the remainder of the examination was re-
portedly normal. The capillary blood glucose level was 108 mg per deciliter. Oxy-
gen (at a rate of 15 liters per minute, delivered by means of a nonrebreather face 
mask) and naloxone were administered, without improvement in mental status. An 
electrocardiogram (ECG) was normal. He was transported to this hospital by am-
bulance.

The patient’s history, which was obtained from his medical records, included 
drug use (cocaine, opiates, and benzodiazepines), anxiety, depression with multi-
ple suicide attempts, hepatitis C virus infection, and possible chronic obstructive 
pulmonary disease (COPD). Current medications other than those found with him 
on presentation were unknown. He had no known allergies. He smoked cigarettes 
and had been homeless and incarcerated in the past. He was divorced and had 
adult children; his current living circumstances were not known.

On examination in the emergency department, the patient could move his arms 
and legs and open his eyes in response to painful stimuli, but he could not follow 
commands or speak; the GCS score was 8. The blood pressure was 108/67 mm Hg, 
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the pulse 88 beats per minute, the temperature 
36.2°C, the respiratory rate 15 breaths per min-
ute, and the oxygen saturation 97% while he was 
breathing ambient air. Both pupils measured 3 mm 
in diameter and were briskly reactive to 2 mm 
when exposed to bright light. The lungs were 
clear with normal respiratory effort, the breath 
sounds were diminished at the bases, the heart 
sounds were normal, and the abdomen was soft. 
Within the first 45 minutes after his arrival at the 
hospital, the patient became increasingly agitated 
and combative, resisting all medical interventions; 
physical restraints were applied. An ECG showed 
sinus rhythm at a rate of 86 beats per minute, 
with evidence of biatrial enlargement and with a 
PR interval of 128 msec, a QRS interval of 104 
msec, a QT interval of 386 msec, and a corrected 
QT (QTc) interval of 461 msec. A complete blood 
count and blood levels of calcium and phospho-
rus were normal; other test results are shown in 

Table 1. Analysis of urine obtained by means of 
straight catheterization revealed a pH of 5.5 and 
a specific gravity of 1.008; dipstick testing was 
normal. Screening of a blood specimen for tox-
ins revealed trazodone (1826 μg per liter; thera-
peutic range, 800 to 1600), meta-chlorophenylpi-
perazine (MCPP), and venlafaxine; screening of a 
urine specimen was negative. The poison control 
center advised monitoring cardiac intervals with 
serial ECG. Approximately 4 hours after arrival, 
a repeat ECG showed a QTc interval of 501 msec. 
Shortly thereafter, the patient vomited. Magne-
sium was administered.

On admission, the patient had intermittent 
somnolence alternating with periods of increasing 
agitation and thrashing limbs, but he remained 
nonverbal and unable to follow commands. Low-
dose lorazepam for extreme agitation and normal 
saline were administered. Increasing lower ab-
dominal fullness developed that was consistent 

Variable
Reference 

Range, Adults†

On Presentation,  
Emergency 
Department

7.5 Hr after  
Presentation

10 Hr after 
Presentation

Sodium (mmol/liter) 135–145 141 142 146

Potassium (mmol/liter) 3.4–4.8 4.2 4.2 4.3

Chloride (mmol/liter) 100–108 96 100 105

Carbon dioxide (mmol/liter) 23.0–31.9 23.9 8.3 5.7

Plasma anion gap (mmol/liter) 3–15 21 34 35

Glucose (mg/dl) 70–110 98 107 99

Urea nitrogen (mg/dl) 8–25 9 8 8

Creatinine (mg/dl) 0.6–1.50 1.12 1.24 1.26

Magnesium (mg/dl) 1.7–2.4 2.1 3.2 2.7

Plasma lactic acid (mmol/liter) 0.5–2.2 9.0

Osmolality (mOsm/kg of water) 280–296 394

Venous blood gases

Inspired oxygen Ambient air

Base excess (mmol/liter) −16.1

pH 7.30–7.40 7.23

Partial pressure of oxygen (mm Hg) 35–50 53

Partial pressure of carbon dioxide  
(mm Hg)

38–50 22

*  To convert the values for glucose to millimoles per liter, multiply by 0.05551. To convert the values for urea nitrogen to 
millimoles per liter, multiply by 0.357. To convert the values for creatinine to micromoles per liter, multiply by 88.4. To 
convert the values for magnesium to millimoles per liter, multiply by 0.4114.

†  Reference values are affected by many variables, including the patient population and the laboratory methods used. The 
ranges used at Massachusetts General Hospital are for adults who are not pregnant and do not have medical condi‑
tions that could affect the results. They may therefore not be appropriate for all patients.

Table 1. Laboratory Data.*
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with bladder distention and urinary retention; an 
indwelling urinary catheter was placed, with im-
provement. On repeat blood testing 7.5 hours 
after presentation, blood levels of calcium, phos-
phorus, total protein, albumin, globulin, and tro-
ponin T were normal, as were results of liver-
function tests; other test results are shown in 
Table 1. The blood pressure was 109/64 mm Hg, 
and the pulse 105 beats per minute; the tempera-
ture, respiratory rate, and oxygen saturation were 
normal. Ten hours after presentation, blood levels 
of calcium, phosphorus, and creatine kinase were 
normal; additional laboratory test results are 
shown in Table 1.

A diagnostic test was performed.

Differ en ti a l Di agnosis

Dr. Cynthia M. Cooper: This 49-year-old man pre-
sented with obtundation, followed by periods of 
agitation. Since he was unable to describe the 
events leading up to his presentation, review of 
his medical records was necessary in order to 
establish a context for the current clinical en-
counter. Bedside observation further informs this 
clinical context, adding critical information about 
the time of onset and progression of the current 
illness. Easy access to laboratory and imaging 
evaluation has made careful observation a fading 
art.1 However, there is usually important infor-
mation in the initial description of the patient’s 
appearance that may provide clues to help deter-
mine the duration of illness by indicating, for 
example, when the patient last felt well. In par-
ticular, beard growth and the condition of the 
nails can indicate when the patient was well 
enough to attend to usual grooming habits. These 
are some of the many clues that can reveal the 
time course of the illness beyond the information 
provided in the history.

First Contact

The patient is a middle-aged man who was found 
propped up against a wall outdoors in autumn. 
His vital signs were normal but he had obtunda-
tion, with a GCS score of 4. Prescription bottles 
and a half-filled bottle of an unknown cloudy 
fluid were next to him.

A wealth of information is contained just in 
this description. The fact that he was able to fill 
medication prescriptions earlier that day serves as 
an anchor point; his cognitive function had last 

been intact within hours before this first exami-
nation. The pill bottles not only provide the pa-
tient’s name and the contact information for his 
pharmacy and providers but also suggest a his-
tory of depression, anxiety, insomnia, and atopy.

The initial examination narrows the differen-
tial diagnosis. The patient was outdoors at first 
encounter but was neither hypothermic nor hy-
perthermic. The initial survey revealed no appar-
ent trauma, and his posture and the absence of 
incontinence reduce the likelihood of a postictal 
state. Infection and metabolic derangement re-
main possible diagnoses despite the normal vital 
signs and glucose level obtained on point-of-care 
testing.

Pink, dry skin and normal oxygen saturation 
are features of carbon monoxide poisoning, but 
this is an unlikely diagnosis because the patient 
was found outdoors. Pink, dry skin can also be a 
manifestation of anticholinergic overdose but typi-
cally occurs along with mydriasis and an abnormal 
ECG. Miosis is suggestive of narcotic overdose but 
would be expected to be reversed after the ad-
ministration of naloxone.

Trazodone overdose was suspected at first con-
tact but is unlikely to explain such substantial ob-
tundation. Trazodone overdose in the absence of 
ingestion of other substances rarely is life-threat-
ening or results in permanent injury.2 Deaths re-
lated to isolated trazodone ingestion are primarily 
caused by cardiac arrhythmias due to prolonga-
tion of the QTc interval or by development of the 
serotonin syndrome with multiorgan failure. Sur-
viving patients typically have either no symptoms 
or minimal symptoms of lethargy and intoxica-
tion.3-6

On Presentation to the Emergency 
Department

Assessment in the emergency department began 
within an hour after the first contact. The exami-
nation was notable for normal vital signs and an 
improved GCS score. After 45 minutes, the pa-
tient became combative and agitated, requiring 
mechanical restraint and sedation. This rapid 
progression from obtundation to agitation further 
narrows the differential diagnosis. Encephalitis, 
particularly that due to herpes simplex virus, can 
cause behavioral changes and agitation, although 
these symptoms are typically accompanied by 
fever. Abrupt reversal of narcotic overdose can 
result in rapid change from obtundation to agi-
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tation; however, naloxone had previously produced 
no effect. The short time course would not be 
consistent with delirium tremens due to alcohol 
withdrawal. A paradoxical response to benzodi-
azepines is idiosyncratic and unpredictable, but 
in this case, agitation preceded receipt of loraz-
epam.7-9

Initial blood tests were notable for an elevat-
ed anion gap and normal levels of bicarbonate 
and albumin. This combination of results could 
be explained by either an excess of unmeasured 
anions or a paucity of unmeasured cations, al-
though the latter scenario is less likely, given 
that the serum levels of calcium, potassium, and 
magnesium were all normal. A third possibility 
is a high anion-gap metabolic acidosis superim-
posed on a metabolic alkalosis.10 Loss of gastric 
secretions through vomiting could explain meta-
bolic alkalosis in this patient, although the ex-
pected hypokalemia and azotemia are absent. 
The possible history of COPD suggests chronic 
retention of carbon dioxide, which can lead to a 
compensatory metabolic alkalosis.

In addition to trazodone, MCPP and venlafax-
ine were detected on the toxicologic screening. 
MCPP is an active metabolite of trazodone with 
complex neurochemical effects similar to those 
caused by the hallucinogen 3,4-methylenedioxy-
methamphetamine (MDMA, or “ecstasy”).11 MCPP 
can cause dysphoria, anxiety, and panic, as well 
as shivering, increased heart rate, and increased 
pupillary size.12-14 Venlafaxine overdose can cause 
depression of the central nervous system and 
induce the serotonin syndrome.15 Hypoglycemia 
and rhabdomyolysis are metabolic consequences 
of venlafaxine overdose16,17; tachycardia and hy-
pertension are common, and QTc prolongation 
has been reported, particularly among men and 
patients with heart failure.18,19 Ingestion of MCPP, 
venlafaxine, or both could explain the patient’s 
agitation but not the anion-gap metabolic acidosis.

4 Hours after Presentation

Four hours after presentation, clinically signifi-
cant QTc prolongation, a feature of both trazodone 
and venlafaxine overdose, had developed.4,5,18 Em-
esis is a nonspecific symptom with many causes, 
although in a patient with suspected anion-gap 
metabolic acidosis, it could suggest progressive 
metabolic disarray.20 Urinary retention is not a 
feature of intoxication with trazodone, MCPP, or 
venlafaxine; its development might suggest un-

derlying prostate enlargement, which is not un-
common among men of this patient’s age.21,22

7.5 Hours after Presentation

Measurements of venous blood gases were ob-
tained 7.5 hours after presentation. Measurements 
of venous blood gases have been shown to be 
reliable substitutes for measurements of arterial 
blood gases with respect to the pH, partial pres-
sure of carbon dioxide (Pco2), and bicarbonate 
level. Venous pH is typically 0.02 to 0.04 lower 
than arterial pH, and venous Pco2 is approximately 
5 to 8 mm Hg higher than arterial Pco2.

23 This 
patient had acidemia (pH 7.23) and a low Pco2 
(22 mm Hg), findings that are consistent with 
metabolic acidosis and appropriate respiratory 
compensation.24,25

Respiratory compensation is caused by aug-
mentation of alveolar ventilation due to an in-
crease in tidal volume, respiratory rate, or both. 
Are the descriptions of “normal respirations” 
and “normal respiratory effort” in the case his-
tory correct, given these physiological features? 
The respiratory rate is an important vital sign that 
is predictive of both respiratory and nonrespira-
tory outcomes.26-28 Tachypnea is a key predictor 
of clinical deterioration during hospitalization 
and of poor outcomes after discharge.29-32 Yet the 
recorded respiratory rate is often unreliable.33,34

Other laboratory test results obtained 7.5 hours 
after presentation showed an increase in the 
serum anion gap, from 21 to 34 mmol per liter, 
and a drop in the serum bicarbonate level, from 
23.9 to 8.3 mmol per liter. The change in the 
serum bicarbonate level is greater than the 
change in the anion gap, suggesting a concur-
rent non–anion gap metabolic acidosis. Previous 
testing has limited the differential diagnosis for 
the anion-gap acidosis (Table 2). The patient had 
normal renal function and no urinary ketones; 
he had no history of bowel disease or surgery 
that would predispose him to d-lactic acidosis. 
The screening for toxins was negative for salicy-
lates and acetaminophen.35

10 Hours after Presentation

The laboratory test results obtained 10 hours after 
presentation reflected a small increase in the se-
rum anion gap, from 34 to 35 mmol per liter, and 
a further drop in the serum bicarbonate level, 
from 8.3 to 5.7 mmol per liter. A drop in the 
serum bicarbonate level that is greater than the 
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rise in the anion gap suggests an additional non–
anion gap metabolic acidosis that is most likely 
due to the saline infusion.

At this time, the plasma lactic acid level was 
9.0 mmol per liter. Could this explain the high 
anion-gap metabolic acidosis? A key feature of 
lactic acidosis is the time-dependent difference 
between the change in the anion gap and the 
change in the serum bicarbonate level. Initially, 
lactate raises the anion gap and lowers the se-
rum bicarbonate level in a 1:1 ratio. Over time, 
hydrogen ions are buffered intracellularly, and 
the acidosis promotes generation of renal bicar-
bonate, shifting the ratio of the change in the 
anion gap to the change in the bicarbonate level 
closer to 1.8:1.10 Thus, the lactate level of 9 mmol 
per liter alone does not account for the rise in 
the anion gap and the fall in the bicarbonate level 
seen 10 hours after presentation.

Summary

Classification of a high anion-gap metabolic 
acidosis by the presence or absence of a serum 
osmolal gap can further narrow the differential 
diagnosis.36 According to the laboratory test re-
sults that were obtained 10 hours after presenta-
tion, including normal levels of blood urea ni-
trogen and serum glucose, the calculated serum 
osmolality is 300 mOsm per kilogram of water. 
The difference between the measured and the 
calculated serum osmolality is 94 mOsm per 
kilogram of water, which is much higher than 
the osmolal gap typically seen in patients with 
lactic acidosis.37 This high osmolal gap suggests 
that the patient had ingested an alcohol that was 
not measured on the initial toxicologic screen-
ing, such as propylene glycol or ethylene glycol.

Propylene glycol is the carrier of intravenous 
lorazepam and has been implicated in anion-gap 
metabolic acidosis in patients in the intensive 

care unit. However, anion-gap metabolic acido-
sis typically occurs when high doses of intrave-
nous lorazepam are administered for 24 hours 
or longer. Because of the 10-hour time frame in 
this case, toxicity due to propylene glycol from 
intravenous lorazepam is unlikely.38

Ethylene glycol has an intoxicating effect 
similar to that of ethanol and is metabolized by 
alcohol dehydrogenase. The parent alcohol pro-
duces an osmolal gap. This osmolal gap declines 
over time, and an anion-gap metabolic acidosis 
develops as ethylene glycol is metabolized to gly-
colate and oxalate. Ethylene glycol is not routinely 
checked in serum toxicologic screenings and is 
a possible cause that should be considered even 
before laboratory test results are available.39,40 
The metabolite of ethylene glycol is similar in 
structure to lactate and therefore can be misin-
terpreted on laboratory tests.41,42 Since the high 
osmolal gap is unlikely to be explained by pro-
pylene glycol intoxication, I think ethylene glycol 
intoxication is the most likely diagnosis in this 
patient.

Why did this patient present with self-injuri-
ous behavior at this point in his life? He had 
multiple risk factors for suicide, including mental 
illness, homelessness, substance abuse, and pri-
or incarceration.43-46 The rate of completed sui-
cide appears to vary seasonally, with a peak in 
spring and a lesser peak in autumn.47,48 Although 
we will probably never know why this patient pre-
sumably wanted to end his life, it seems likely 
that the ingestion of ethylene glycol was attempt-
ed suicide.

Dr. Eric S. Rosenberg (Pathology): Dr. Eicken, what 
was your impression when you evaluated this pa-
tient?

Dr. Eicken: Given the limited available history, 
we considered several possible causes for his 
altered mental status, including structural neu-
rologic abnormalities, infection, and toxic or 
metabolic derangements. There were no external 
signs of trauma and the neurologic examination 
revealed no focal motor deficits, but a structural 
intracranial abnormality could not be entirely 
ruled out because head imaging had not been 
performed. Meningoencephalitis was considered; 
however, the rapid decline of his condition, his 
overall clinical appearance, and the absence of 
fever and leukocytosis were not consistent with 
this diagnosis. Initially, there were no overt meta-
bolic derangements. Therefore, we suspected a 

l‑Lactic acidosis

d‑Lactic acidosis

Ketoacidosis

Chronic kidney disease

Salicylate ingestion

Pyroglutamic acidosis

Toxic alcohol ingestion

Table 2. Differential Diagnosis for High Anion-Gap 
Metabolic Acidosis in This Patient.
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toxicologic cause. A depressed mental status can 
be seen with both the serotonin syndrome and 
the neuroleptic malignant syndrome, and he had 
medications in his possession that could cause 
each of these syndromes. However, the absence 
of hyperpyrexia, characteristic neurologic find-
ings such as rigidity and clonus, and autonomic 
instability suggests that these diagnoses are un-
likely. Polypharmacy could lead to a mixed toxic 
syndrome, but the toxicologic screening did not 
support this diagnosis.

We thought that toxic alcohol ingestion was 
the likely diagnosis. Laboratory test results ob-
tained over time showed the development of a 
worsening anion-gap metabolic acidosis, as well 
as elevated lactate levels, markedly elevated se-
rum osmolality with an osmolal gap, and nega-
tive results of toxicologic screening for other 
alcohols; these findings made ethylene glycol 
ingestion our top diagnostic consideration.

Clinic a l Di agnosis

Ethylene glycol ingestion.

Dr . C y n thi a M.  Co oper’s 
Di agnoses

Trazodone overdose.
High anion-gap metabolic acidosis and high 

serum osmolal gap due to ethylene glycol in-
gestion.

Pathol o gic a l Discussion

Dr. Jason M. Baron: Serum toxicologic screening, 
performed by means of high-performance liquid 
chromatography,49 was positive for trazodone 
(Fig. 1) and its metabolite MCPP. The trazodone 
level was supratherapeutic at 1826 μg per liter. 
Urine toxicologic screening, performed by means 
of immunoassay, was negative for common drugs 
of abuse, including amphetamines. MCPP cross-
reacts with the antibodies used in the detection 
of amphetamines in some immunoassays.50,51 
Although the urinary amphetamine assay used 
at this hospital is relatively sensitive for the de-
tection of MCPP and false positive results can be 
obtained even when trazodone levels are within 
the therapeutic range,51 the negative amphet-
amine assay in this case may be explained by a 
relatively diluted urine specimen.

Serum toxicologic screening was negative for 
ethanol, methanol, and isopropanol. Ethylene gly-
col (boiling point, 197°C) is much less volatile 
than methanol, ethanol, and isopropanol (boil-
ing points, 65°C, 78°C, and 83°C, respectively) 
and cannot be detected on this hospital’s vola-
tile-alcohol assay, which is performed with the 
use of gas chromatography with a maximum 

Figure 1. Serum Toxicologic Screening.

Serum toxicologic screening was performed with the use of high‑performance liquid chromatography. The patient’s 
absorbance peak at 7.974 minutes matches the trazodone standard in retention time and ultraviolet spectrum 
(spectrum not shown). The trazodone level was quantified by calculating the ratio of the peak amplitude for trazo‑
done to the internal standard peak amplitude (6.186 minutes) and comparing it with the trazodone–internal stan‑
dard amplitude ratio from a calibrator containing a known trazodone level.
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column-oven temperature of 115°C. A serum 
specimen collected approximately 10 hours after 
presentation was sent to an outside reference 
laboratory with a gas chromatography assay ca-
pable of detecting ethylene glycol. This speci-
men revealed an ethylene glycol level of 351 mg 
per deciliter (toxic value, ≥20 mg per deciliter).

Examination of the sediment of a urine sample 
collected approximately 12 hours after presenta-
tion revealed calcium oxalate crystals (Fig. 2). 
Ethylene glycol is metabolized to oxalic acid, which 
binds to calcium, leading to calcium oxalate crys-
talluria.52 Urinary calcium oxalate crystals are 
commonly associated with ethylene glycol toxic-
ity,52 but this finding is nonspecific.

Foll ow-up

Dr. Rosenberg: Dr. Eicken, would you tell us what 
happened with the patient?

Dr. Eicken: Given our clinical suspicion that 
ethylene glycol ingestion was the likely diagnosis, 
we rapidly initiated treatment with intravenous 
bicarbonate and fomepizole. The patient was 
transferred to the intensive care unit, where he 

was intubated for airway protection and under-
went emergency hemodialysis. He was extubated 
without complication after 2 days and did not 
have prolonged renal failure. Fomepizole was con-
tinued for 4 days, until the ethylene glycol was 
undetectable; the patient was then transferred to 
the psychiatry service for continued care.

During the remainder of his hospital stay, the 
patient received electroconvulsive therapy, and 
both he and his providers noted clinical improve-
ment. Unfortunately, he did not return for sched-
uled sessions of electroconvulsive therapy after 
discharge and was lost to follow-up until the win-
ter, when he presented again to the emergency 
department with suicidal ideation. He was living 
in a “sober house” (a facility for people recover-
ing from substance abuse) but had started using 
cocaine and heroin. Since that visit, his records 
show additional visits to the emergency depart-
ment for suicidal ideation and intermittent psy-
chiatric hospitalizations.

A Physician: Did you consider performing a 
lumbar puncture early in the evaluation, since it 
was impossible to rule out meningitis on a clini-
cal basis?

Dr. Eicken: Lumbar puncture was considered, 
but the degree of the patient’s agitation at the 
time prevented us from safely performing the pro-
cedure. Ideally, we would have had the results of a 
computed tomographic scan of the head before 
the procedure. Had we not obtained data sug-
gesting a diagnosis of toxic alcohol ingestion as 
rapidly as we did, I think an argument could have 
been made for starting empirical antimicrobial 
therapy.

Fina l Di agnosis

Ethylene glycol ingestion.

This case was presented at the Medical Case Conference.
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