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Pr esen tation of C a se

Dr. Sara R. Schoenfeld (Medicine): A 54-year-old woman was admitted to this hospital 
because of abdominal pain, vomiting, and confusion.

The patient was in her usual health until approximately 3 days before admission, 
when she reportedly began to feel unwell, with weakness, chills, and skin that was 
abnormally warm to the touch. She self-administered aspirin, without improvement. 
During the next 2 days, her oral intake decreased. Approximately 22 hours before 
presentation, vomiting occurred. Nine hours before presentation, she began to 
travel home to Italy from the eastern United States. During the next 2 hours, increas-
ing abdominal pain occurred, associated with vomiting and shortness of breath, and 
she took additional aspirin for pain. Approximately 2 hours before presentation, 
while the patient was in flight, abdominal pain markedly worsened, vomiting in-
creased, and she became confused and unresponsive. The flight was diverted to 
Boston. On examination by emergency medical services personnel, she was non-
verbal and was moaning continuously. The blood pressure was 120/70 mm Hg, the 
pulse 52 beats per minute, and the respiratory rate 26 breaths per minute. The 
capillary blood glucose level was 116 mg per deciliter (6.4 mmol per liter). She was 
brought to the emergency department at this hospital by ambulance.

The patient’s history was obtained from her husband through an interpreter. 
She had non–insulin-dependent (type 2) diabetes mellitus, hypertension, nephro-
lithiasis, and chronic kidney disease. Medications included enalapril, metformin, 
glimepiride, nimesulide, imipramine, aspirin, and ibuprofen. She had no known 
allergies. She was married and had children. She lived in Italy and did not speak 
English. She had vacationed in North America for 10 days, traveling to urban areas. 
She did not smoke, drink alcohol, or use illicit drugs, and there was no history of 
unusual ingestions.

On examination, the patient was incoherent and appeared agitated and uncom-
fortable, with frequent groaning. She was oriented to person only and opened her 
eyes to command. The blood pressure was 120/70 mm Hg, the pulse 52 beats per 
minute, the temperature 36.7°C, the respiratory rate 18 breaths per minute, and the 
oxygen saturation 95% while she was breathing ambient air. The pupils were 3 mm 
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in diameter and minimally reactive to light; the 
oral mucous membranes were dry, and the neck 
was supple. The abdomen was soft, without 
distention, rebound tenderness, or guarding. 
The skin was cool. The remainder of the gen-
eral examination was normal. The neurologic 
examination was limited because of the pa-
tient’s inability to follow commands; she with-
drew all extremities to pain, and cranial nerves 
and strength appeared normal. Normal saline 
was rapidly infused, and dextrose, insulin, on-
dansetron, and morphine sulfate were adminis-
tered intravenously. An electrocardiogram re-
vealed atrial fibrillation at a rate of 115 beats 
per minute and a QRS duration of 94 msec, 
with a tremulous baseline possibly obscuring 
ST-segment depression in the inferior leads. 
Blood levels of calcium, triglycerides, glycated 
hemoglobin, and haptoglobin were normal, as 
were the results of liver-function tests; other 
test results are shown in Table 1. Placement 
of an indwelling urinary catheter was followed 
by placement of intravascular catheters in the 
right external jugular vein and the femoral 
 artery.

Within 2 hours after the patient’s arrival in the 
emergency department, tachypnea and increas-
ing somnolence developed; results of venous 
oximetry are shown in Table 1. The trachea was 
intubated after the administration of etomidate 
and rocuronium, and 100% oxygen was admin-
istered and bicarbonate was infused. A chest 
radiograph showed no evidence of pneumonia or 
pleural effusion. There were ill-defined calcifica-
tions in the soft tissue of the left breast.

Approximately 3 hours after the patient’s ar-
rival, the rectal temperature decreased to 31.7°C 
and the blood pressure to 84/43 mm Hg. Norepi-
nephrine bitartrate and bicarbonate were admin-
istered; fluids were warmed before infusion, and 
a blanket warmer was placed. Dark-brown gas-
tric secretions that were positive for occult blood 
were aspirated through an orogastric tube; the 
gastric pH was 5.7.

Dr. Raul N. Uppot: Computed tomography (CT) 
of the abdomen and pelvis without the adminis-
tration of intravenous or oral contrast material 
(Fig. 1) revealed pancreatic edema, peripancreatic 
fat stranding, a small amount of perihepatic and 
pericholecystic fluid without biliary ductal dila-
tation, some thickened walls in several loops of 

small bowel, and an atrophic left kidney contain-
ing a nonobstructing calculus. CT of the chest 
revealed dependent atelectasis, with no focal 
consolidation, masses, or effusions, and calci-
fications of the left breast. CT of the brain was 
normal.

Dr. Schoenfeld: Cefepime, vancomycin, and met-
ronidazole were administered intravenously. Af-
ter laboratory results were known, sodium poly-
styrene sulfonate was given orally. Toxicologic 
screening of the blood and urine was negative.

The patient was admitted to the cardiac inten-
sive care unit (ICU). Vasopressin, propofol, and 
calcium were added, and additional bicarbonate 
and glucose were administered. Eight hours after 
her presentation, continuous venovenous hemo-
filtration with bicarbonate solution was begun. 
Cultures of the blood and urine were obtained. 
Fourteen hours after presentation, the urine so-
dium level was 136 mmol per liter, and the urine 
creatinine level was 0.25 mg per milliliter. Echo-
cardiography revealed normal global cardiac func-
tion, without pericardial effusion.

Dr. Uppot: Ultrasonography of the abdomen re-
vealed small-volume ascites, nonspecific thicken-
ing of the gallbladder wall, and an atrophic left 
kidney; there was increased renal parenchymal 
echogenicity of both kidneys (Fig. 2).

Dr. Schoenfeld: During the first 17 hours, the 
patient had oliguria, with approximately 125 ml 
of urine excreted. Additional laboratory tests are 
shown in Table 1.

A diagnostic test was performed.

Differ en ti a l Di agnosis

Dr. Kamyar Kalantar-Zadeh: The patient was an 
acutely ill 54-year-old woman with a medical his-
tory of type 2 diabetes, hypertension, kidney 
stones, and chronic kidney disease of unknown 
severity. She presented to the emergency depart-
ment with deteriorating mental state, respiratory 
distress, and worsening gastrointestinal symp-
toms. Laboratory evaluation showed a profound 
leukocytosis with a left shift (increased levels of 
immature neutrophil forms circulating in the pe-
ripheral blood), an increase in pancreatic enzyme 
levels, severe metabolic acidosis with a markedly 
elevated serum lactate level, profound hyperphos-
phatemia, and oliguric kidney failure. Although 
it would be helpful to have a urinalysis, it was not 
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performed in the first 24 to 48 hours because of 
worsening oliguria, the need for other more ur-
gent tests, and other priorities.

My initial differential diagnoses include severe 
lactic acidosis, probably resulting from sepsis, car-
diogenic shock, or nonhypoxic causes (e.g., med-

ications and cancer); concurrent acute pancreatitis; 
and concomitant acute kidney injury, probably su-
perimposed on preexisting chronic kidney disease, 
which could be a result of sepsis, the cardiorenal 
syndrome, rhabdomyolysis with hyperphosphate-
mia, or other causes (Table 2).

Table 1. Laboratory Data.*

Variable
Reference Range, 

Adults† On Admission
17 Hr after 

Presentation

Hematocrit (%) 36.0–46.0 (women) 44.4 30.0

Hemoglobin (g/dl) 12.0–16.0 (women) 13.4 10.1

White-cell count (per mm3) 4500–11,000 34,800 32,100

Differential count (%)

Neutrophils 40–70 79

Band forms 0–10 2

Lymphocytes 22–44 10

Monocytes 4–11 5

Eosinophils 0–8 1

Myelocytes 0 2

Metamyelocytes 0 1

Platelet count (per mm3) 150,000–400,000 >483,000, with  
platelet clumps

179,000

Erythrocyte count (per mm3) 4,000,000–5,200,000 4,340,000 3,330,000

Mean corpuscular volume (μm3) 80–100 103 90

Mean corpuscular hemoglobin concentration (g/dl) 31.0–37.0 30.1 33.6

Smear description Toxic granulations and in-
creased burr cells pres-
ent; 3+ hypochromasia; 
1+ macrocytes

Activated partial-thromboplastin time (sec) 21.0–33.0 36.2 26.4

Prothrombin time (sec) 11.0–13.7 15.7 14.3

International normalized ratio for prothrombin time 1.3 1.2

Sodium (mmol/liter) 135–145 146 140

Potassium (mmol/liter) 3.4–4.8 6.3 (not hemolyzed) 3.5

Chloride (mmol/liter) 100–108 83 88

Carbon dioxide (mmol/liter) 23.0–31.9 <2.0 16.0

Urea nitrogen (mg/dl) 8–25 94 58

Creatinine (mg/dl) 0.60–1.50 7.88 3.94

Glucose (mg/dl) 70–110 168 316

Glycated hemoglobin (%) 3.80–6.40 5.70

Protein (g/dl)

Total 6.0–8.3 6.7 4.2

Albumin 3.3–5.0 4.6 2.9

Globulin 2.3–4.1 2.1 1.3

Calcium (mg/dl) 8.5–10.5 9.5 6.6 (7.5 hr after  
presentation)
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Acid–base disorders

Some of the patient’s test results are markedly 
abnormal. These include a profoundly low blood 
pH (6.62), a markedly low serum bicarbonate level 
(<2 mmol per liter; target range, 23 to 25), and 
a low partial pressure of carbon dioxide (PCO2) 
(18 mm Hg). Given the severely acidemic pH, 
which is unusual even for a venous blood sample,1
we should first confirm that this blood-gas analysis 
is correct. The concentration of hydrogen ions in 
the patient’s blood is calculated (with the modi-
fied Henderson’s equation2) to be 216 nmol per 
liter, which corresponds to a blood pH between 
6.6 and 6.7 and confirms the accuracy of the re-
ported blood-gas data and suggests that she had 
an exceptionally severe metabolic acidosis.

The patient had a markedly elevated anion gap 
of 61 mmol per liter (reference range, 8 to 12), in-
dicating that she had a profound anion-gap meta-

Table 1. (Continued.)

Variable
Reference Range, 

Adults† On Admission
17 Hr after

Presentation

Phosphorus (mg/dl) 2.6–4.5 19.3

Magnesium (mmol/liter) 0.7–1.0 1.1

Lactate dehydrogenase (U/liter) 110–210 515

Lipase (U/liter) 13–60 595 88

Amylase (U/liter) 3–100 386 276

Lactate (mmol/liter) 0.5–2.2 20.3 13.7

Troponin T (ng/ml) <0.03 0.03

Creatine kinase (U/liter) 40–150 656

Osmolality (mOsm/kg of water) 280–296 354 (11 hr after 
presentation)

Blood gases

Fraction of inspired oxygen 0.21 (ambient air) 0.40

Source Venous Unspecified

pH 7.30–7.40 (venous); 
7.32–7.45 (unspec-
ified)

6.62 7.38

Partial pressure of carbon dioxide (mm Hg) 38–50 (venous); 35–50 
(unspecified)

18 27

Partial pressure of oxygen (mm Hg) 35–50 (venous); 40–90 
(unspecified)

73 156

Base excess (mmol/liter) −35.1 −8.6

* 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 glucose to millimoles per liter, multiply by 0.05551. To convert the values for calcium to milli-
moles per liter, multiply by 0.250. To convert the values for phosphorus to millimoles per liter, multiply by 0.3229. To convert the values for 
magnesium to milligrams per deciliter, divide by 0.4114. To convert the values for lactate to milligrams per deciliter, divide by 0.1110.

† 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 conditions that could affect the results. They 
may therefore not be appropriate for all patients.

Figure 1. Abdominal Imaging.

A CT scan of the abdomen and pelvis, without intrave-
nous or oral contrast material, reveals pancreatic ede-
ma and peripancreatic fat stranding and fluid (arrows), 
features consistent with acute pancreatitis. No pseudo-
cyst or gallstones were visualized.
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bolic acidosis. Conditions causing this degree of 
acidosis include lactic acidosis, aspirin overdose, 
methanol or ethylene glycol toxicity, diabetic keto-
acidosis, and uremia. Lactic acidosis in this pa-
tient was corroborated by a markedly elevated 
serum lactate level (>20 mmol per liter); other 
causes of metabolic acidosis could not be sub-
stantiated by the test results.

Estimating this patient’s osmolal gap is an-
other way to refine the differential diagnosis. She 
had a mildly elevated osmolal gap (the difference 
between the measured and calculated serum 
osmolality) of 18 mOsm per kilogram of water 
(reference range, 5 to 15). A slightly elevated or 
borderline high osmolal gap is usually caused by 
either lactic acidosis or ketoacidosis; methanol 
or ethylene glycol ingestion often leads to a more 

profound rise in the osmolal gap, making such 
ingestion a less likely diagnosis in this case.

Furthermore, the patient’s anion gap is ap-
proximately 50 mmol per liter above the normal 
level, and the serum bicarbonate level is ap-
proximately 20 mmol per liter below the normal 
level (i.e., the deviation from normal of the an-
ion gap is more than two times as high as the 
deviation from normal of the bicarbonate level). 
This suggests that she could have a concomitant 
metabolic alkalosis, probably because of repeated 
vomiting and loss of hydrochloric acid. Never-
theless, the patient’s profound hyperphosphate-
mia may have contributed to the disproportion-
ately high anion gap.3

Respiratory acid–base disorders

Does this patient have a concurrent respiratory 
acid–base disorder? We would expect that for 
each 10 mmol per liter decrease from normal in 
the bicarbonate level, a compensatory decrease 
in the PCO2 of at least 12 mm Hg would ensue.4

Since the patient’s serum bicarbonate level was 
22 mmol per liter lower than the target level of 
24 mmol per liter, the expected drop in the PCO2
should have been approximately 26 mm Hg. In-
deed, despite her acute illness and altered mental 
state, she was capable of lowering the PCO2 by 
22 mm Hg (from a normal value of 40 mm Hg to 
18 mm Hg), probably by breathing deeply and in-
creasing her respiratory rate in an attempt to 
compensate for the marked decrease in the serum 
bicarbonate level. Her remarkable and effective 
compensatory hyperventilation, classically known 
as Kussmaul respiration, is often perceived by cli-
nicians as “respiratory distress.”5 In addition, the 
chest radiograph obtained on the patient’s arrival 
in the emergency department was normal, pro-
viding further support that she probably had no 
respiratory disease. Her need for intubation and 
mechanical ventilation was probably the result of 
her worsening mental state, which could have 
been aggravated by the administration of mor-
phine in association with renal insufficiency.6

severe Acidemia

Many, if not all, features of this patient’s presen-
tation can be explained by profound acidemia 
(Fig. 3). Altered mental status, including lethargy, 
stupor, and even coma, can be a direct consequence 
of acidosis.7 Acidemia may lead to increased vaso-
dilatation and warm skin, which the patient had 

A

B

Figure 2. Renal Imaging.

An ultrasonographic study of the abdomen shows an 
atrophic left kidney (Panel A) and increased renal pa-
renchymal echogenicity of both kidneys (Panels A 
and B), features suggestive of chronic renal disease.
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reported during the 3 days before hospitalization. 
However, by the time the patient arrived at the 
emergency department, the acidosis had dramat-
ically worsened and had most likely led to her 
paradoxical hypothermia, which is a known com-
plication of profound acidosis.7 She also had some 
of the cardiovascular consequences of acidosis, 
including cardiac failure and catecholamine re-
lease, which led to arrhythmia and respiratory 
compromise. Her atrial fibrillation could be a di-
rect complication of acute acidemia.

Although we need to rule out cardiogenic or 
septic shock, which could explain the acute kid-
ney injury, severe acidosis could lead to a decline 

in the glomerular filtration rate (GFR).7 Given 
the patient’s reported medical history of chronic 
kidney disease, probably caused by diabetic or 
tubulointerstitial nephropathy or hypertensive 
nephrosclerosis and the administration of an an-
giotensin-converting–enzyme (ACE) inhibitor and 
nonsteroidal antiinflammatory drugs (NSAIDs), 
she was probably susceptible to the development 
of superimposed acute kidney injury from any of 
these events.8 Her gastrointestinal manifestations 
were impressive and most likely were due to a 
concurrent acute pancreatitis. Nevertheless, we 
should note again that acidemia could cause 
gastric atony, nausea, vomiting, and abdominal 

Table 2. Differential Diagnoses.

Diagnosis Findings More Consistent with Diagnosis Findings Less Consistent with Diagnosis

Sepsis (e.g., pyelonephritis and 
intraabdominal infection, 
such as emphysematous 
pyelonephritis)

Leukocytosis, lactic acidosis (type A), 
 hypothermia, altered mental state

Initial normal blood pressure, no identifi-
able source of infection

Cardiogenic shock (e.g., acute 
coronary syndrome)

Lactic acidosis (type A), arrhythmias, pre-
existing vascular calcification, pulmo-
nary edema

Initial normal blood pressure, normal tropo-
nin level, normal echocardiogram, hypo-
thermia, profound leukocytosis

Metformin-associated lactic 
 acidosis

Metformin therapy, lactic acidosis (type 
B), profound acidemia, altered mental 
state, preexisting renal insufficiency

Profound leukocytosis, prominent gastro-
intestinal symptoms

Cancer (e.g., lymphoma and  
leukemia)

Hyperphosphatemia (possible tumor lysis 
syndrome), leukocytosis (with leuke-
moid reaction), lactic acidosis (type B), 
kidney failure

Prominent gastrointestinal symptoms, no 
other identifiable clues to malignant 
conditions

Overdose of salicylates (e.g., 
acetylsalicylic acid)

History of aspirin intake, anion-gap  
acidosis, hyperventilation

No respiratory alkalosis, too-severe lactic 
acidosis, no initial respiratory alkalosis, 
negative toxicologic screening

Intoxication with ethylene gly-
col, methanol, or paralde-
hyde

Anion-gap acidosis, altered mental state, 
worsening kidney function

Negative toxicologic screening, too-small 
osmolal gap, too-severe lactate acidosis

Mesenteric ischemia Severe gastrointestinal symptoms, leuko-
cytosis, hypothermia, lactic acidosis 
(type A), altered mental state

Upper gastrointestinal bleeding, non-
supporting imaging studies

Rhabdomyolysis Hyperphosphatemia, large anion gap, 
 increased creatine kinase level

Profound leukocytosis, no other support-
ing clues

Diabetic ketoacidosis History of diabetes, abdominal pain, 
 anion-gap acidosis

Normal glucose level, normal glycated 
hemoglobin, high lactate level (too 
high for diabetic ketoacidosis)

Acute pancreatitis Gastrointestinal symptoms, elevated 
 amylase and lipase levels, evidence 
on imaging studies

A pattern of abdominal pain not typical 
for pancreatitis

Acute kidney injury, super-
imposed on chronic 
 kidney disease

History of chronic kidney disease, history of 
nephrolithiasis with atrophic left kidney, 
type 2 diabetes, history of intake of an 
angiotensin-converting–enzyme inhibi-
tor and nonsteroidal antiinflammatory 
drugs, hyperkalemia, hyperphosphate-
mia, low urinary creatinine level

Normal hemoglobin level
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pain. Finally, the remarkable leukocytosis with a 
left shift can also be explained by severe acido-
sis9; however, an infectious disease is a more 
likely explanation, as are malignant conditions 
such as leukemia and lymphoma.

Anion-gap metabolic acidosis

What could explain anion-gap metabolic acidosis 
with an elevated serum lactate level in this patient? 
One possible cause of a classic (type A) lactic aci-
dosis is impaired tissue perfusion that typically 
happens in patients with septic or cardiogenic 
shock or during cardiopulmonary arrest. However, 
another likely cause of anion-gap metabolic aci-
dosis in this patient is nonhypoxic (type B) lactic 
acidosis. Impaired lactate metabolism can occur 
in association with the administration of certain 
medications (e.g., metformin, salicylate, isoniazid, 
and zidovudine) or in association with certain 
cancers (e.g., lymphoma and leukemia), among 
other reasons.10 This patient had been taking met-
formin, which, like other biguanides (e.g., phen-
formin and buformin), can lead to the increased 
generation and accumulation of lactate by re-

ducing gluconeogenesis and glycogenolysis, in-
hibiting oxygen consumption, and impairing 
mitochondrial function in the liver and other 
organs.11 In fact, phenformin and buformin were 
removed from the market because they are as-
sociated with an unacceptably high risk of lactic 
acidosis.12

This patient had a high risk of metformin ac-
cumulation, given her history of chronic kidney 
disease, and this is corroborated by seemingly 
normalized glucose and glycated hemoglobin 
levels, which probably resulted from the progres-
sion of renal insufficiency.13,14 The profound aci-
demia with a massive decrease in the serum bi-
carbonate level and a markedly elevated serum 
lactate level is consistent with other reports of 
metformin-associated acidosis.11,15 A case series 
comparing metformin-associated acidosis with 
other types of lactic acidosis, such as those as-
sociated with postcardiac arrest, septic shock, 
cardiogenic shock, mesenteric ischemia, and 
hemorrhagic shock, described only metformin 
as being associated with a mean blood pH below 
7.0, as in this patient.16 Survival rates associated 
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with the toxic effects of metformin are generally 
better, despite a more severe acidemia, than the 
rates associated with other causes of lactic aci-
dosis.16 Therefore, I expect and certainly hope that 
this patient survived, especially since she under-
went continuous venovenous hemodiafiltration 
therapy for oliguric renal failure, which could also 
effectively lower the metformin level despite its 
large volume of distribution.11,17 Not many labo-
ratories can measure metformin levels rapidly; if 
such testing is available, it is usually performed as 
a late confirmatory test.17

In my experience and on the basis of the data 
reviewed in the literature,16,17 metformin overdose 
or accumulation as the cause of lactic acidosis is 
highly likely in any patient who has most or all 
of the following five criteria even if the metformin 
level is not known: a history of metformin ad-
ministration (e.g., in a patient with type 2 diabe-
tes), a markedly elevated lactate level (>15 mmol 
per liter) and a large anion gap (>20 mmol per li-
ter), severe acidemia (pH <7.1), a very low serum 
bicarbonate level (<10 mmol per liter), and a his-
tory of renal insufficiency (estimated GFR, <45 ml 
per minute per 1.73 m2 of body-surface area; or 
serum creatinine level, >2.0 mg per deciliter [>177 
μmol per liter]).

This patient has all these features. The acute 
pancreatitis also could have been caused by met-
formin accumulation.12,18 Therefore, I expect that 
the diagnostic test in this case was a high met-
formin level or maybe a novel surrogate of the 
metformin level that I am not aware of.

Dr. Eric S. Rosenberg (Pathology): Dr. Schoenfeld, 
what was your initial impression when you evalu-
ated this patient?

Dr. Schoenfeld: Our initial impression was that 
the renal failure was due to a combination of 
factors, including poor oral intake and multiple 
nephrotoxic agents, including an ACE inhibitor 
and NSAIDs. We believed that the lactic acidosis 
was probably a result of metformin accumulation 
in association with the renal failure. Given the 
CT findings of peripancreatic fat stranding and 
pancreatic edema, we wondered whether the 
initial insult may have been pancreatitis, which 
led to the abdominal pain, nausea, and reduced 
oral intake. However, we could not be certain 
that pancreatitis was the primary insult; alterna-
tively, the abdominal pain and pancreatitis could 
have been a result of severe acidemia and the 
toxic effects of metformin.

Clinic a l Di agnosis

Lactic acidosis caused by the toxic effects of met-
formin.

DR . K A M Y A R K A L A N TA R-Z A DEH’S 
DI AGNOSIS

Type B lactic acidosis caused by metformin ac-
cumulation.

Pathol o gic a l Discussion

Dr. Kent B. Lewandrowski: The patient’s plasma 
metformin level was 23 μg per milliliter (refer-
ence range, 1 to 2), which explains her presenta-
tion. The clinical thinking at the time was that 
her exposure to multiple nephrotoxic drugs, in-
cluding aspirin, ibuprofen, and enalapril, result-
ed in acute kidney injury. Metformin is excreted 
unmetabolized in the urine. Therefore, the pa-
tient’s impaired renal function resulted in the ac-
cumulation of metformin in the plasma, causing 
lactic acidosis. In patients who have toxic effects 
of metformin, the mechanism of lactic acidosis is 
multifactorial, including enhanced conversion of 
glucose to lactate in the small intestine and in-
hibition of gluconeogenesis by lactate, pyruvate, 
and alanine. As in this patient, the toxic effects 
of metformin typically present with nausea and 
abdominal pain,19 and the mortality rate is high, 
approaching 50%. The diagnosis requires a high 
index of suspicion and a consideration of clinical 
and laboratory findings and the patient’s medica-
tion history. Measurement of a metformin level 
will firmly establish the diagnosis; however, this 
approach is usually impractical because few hospi-
tals offer this test in-house and obtaining results 
from a reference laboratory may take several days.

Dr. Schoenfeld: The patient was admitted to the 
cardiac ICU, and continuous venovenous hemo-
filtration was continued. Within the first 24 hours 
after admission, her mental status improved dra-
matically. She was extubated 1 day after admis-
sion. Within the next 48 hours, her metabolic 
abnormalities started to normalize and she be-
gan to make copious amounts of urine. At that 
point, continuous venovenous hemofiltration was 
discontinued and she was weaned off vasopressin. 
Out of concern for infection, she had been started 
on broad-spectrum antibiotics at the time of ad-
mission, but after 48 hours, cultures of blood and 
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urine remained negative and the antibiotics were 
discontinued. She was transferred to the general 
medical unit, where her hypertension was man-
aged with a calcium-channel blocker. Her renal 
function completely normalized. She was dis-
charged from the hospital 1 week after admis-
sion, and she returned home to Italy. We received 
notification from her primary care doctor 1 week 
later that she was doing well and had resumed 
her normal daily activities.

Fina l Di agnosis

Toxic effects of metformin.
This case was presented as part of the Harvard Medical School 

postgraduate course Internal Medicine: Comprehensive Review 
and Update, directed by Ravi I. Thadhani, M.D., M.P.H., Sekar 
Kathiresan, M.D., and Dennis Ausiello, M.D.

Dr. Uppot reports receiving payment for reviewing testimony 
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material is now eligible to receive a complete set of PowerPoint slides, including digital images, with identifying legends, 
shown at the live Clinicopathological Conference (CPC) that is the basis of the Case Record. This slide set contains all of the 
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