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ABSTRACT
We present the challenging differential diagnosis of an extreme leukocytosis noted at hospital admission 

of a patient with severe lactic acidosis and acute kidney injury secondary to metformin overdose. Laboratory 
and imaging work-up ruled out an infectious or malignant cause for severely increased leukocytes count; 
thus, it was established that the process of leukocyte demargination was the main cause of increased count of 
leukocytes. Discussion of available literature data is also presented. Our case report highlights the importance 
for clinicians to be aware of this possible spurious increase of leukocytes in acute non-infectious stressful 
conditions in order to avoid unnecessary antibiotics.
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INTRODUCTION

Metformin is the first line oral the
rapy for type 2 diabetes mellitus 
(1). It belongs to the class of bi
guanides and acts as an antihy-
perglicemic agent by decreasing 

glucose production in the liver and by enhancing 
insulin sensitivity in peripheral tissues (2). Met-
formin is excreted unchanged in urine, with its 
clearance being reduced in kidney dysfunction 
(3). It has a small molecular weight and a reduced 
binding with serum proteins; therefore, in intoxi-
cation cases, it can be removed from the blood 

with various types of extracorporeal therapies 
(4). 

Metformin overdose has been increasingly re-
ported in the last decades. According to a recent 
meta-analysis (5), in the majority of cases, toxici-
ty is the result of gradual accumulation of metfor-
min due to previous chronic kidney disease 
(CKD) and/or in the case of superimposed acute 
kidney injury (AKI); almost one half of cases are 
reported to be secondary to acute ingestion of 
high doses, mostly in suicidal attempts. Usually, 
clinical presentation consists of digestive symp-
toms like abdominal pain, nausea, vomiting and 
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diarrhea, and clinical exam may reveal hypo-
thermia, tachycardia and hypotension; in severe 
cases, alteration of mental status is noted (5, 6). 
Lactic acidosis is the hallmark of metformin in-
toxication in laboratory work-up, but AKI is fairly 
often associated secondary to dehydration and 
hypotension (6). Hypoglycemia is usually noted 
in patients receiving metformin in combination 
with other hypoglycemic drugs, but in mono-
therapy it may be absent even in acute severe 
intoxications (7). In cases with previous normal 
kidney function there are several predisposing 
factors, including severe liver or heart failure, 
treatment with angiotensin-converting enzyme 
inhibitors (ACEIs), non-steroidal anti-inflamma-
tory drugs or concurrent alcohol consumption 
(5, 6). As there is not antidote for metformin, the 
treatment consists in oral activated charcoal to 
decrease metformin absorption in the gut, paren
teral hydration and sodium bicarbonate infusion. 
In severe cases, conventional or continuous 
extracorporeal therapies with bicarbonate buffer 
are recommended (4). 

The effects of therapeutic doses of metformin 
on leukocytes function have been extensively 
studied in both diabetes patients and other di
seases associated with chronic inflammation and 
increased peripheral resistance to insulin such as 
polycystic ovary syndrome, hyperinsulinaemic 
hyperandrogenism, metabolic syndrome or obe-
sity (8-11). In these diseases, metformin corrects 
the previously increased number of leukocytes, 
especially in the group of neutrophils, and the 
effect is considered secondary to its ability to re-
duce abnormal activation of neutrophils and 
their adherence to the endothelium (8). Never-
theless, in chronic long-term use for diabetes, 
treatment with metformin was not associated 
with significant blood cell count abnormalities 
(12, 13). 

Abnormalities in leukocytes count in metfor-
min overdose have not been studied, although 
some case reports of metformin intoxication no
ted increased leukocyte and neutrophil count 
(14-16) and some authors reported that antimi-
crobial empiric treatment was given upon admis-
sion but it was stopped later, after sepsis was 
ruled-out (14). 

Here we present the case of a type 2 diabetes 
patient hospitalized for severe lactic acidosis and 
acute kidney injury in the settings of metformin 
overdose, who presented with extreme leukocy-

tosis at admission. We discuss the challenging 
differential diagnosis of leukocytosis in the case 
of multicomorbidity association. q

CASE PRESENTATION

Reasons for presentation. A 53-year-old male 
was admitted to the emergency room (ER) for 

shortness of breath, vomiting, diarheea and con-
fusional state. 

History of past illness. The patient had a 
three-year history of diabetes mellitus treated 
with metformin 2 g/d and systemic hypertension 
treated with enalapril 10 mg/d. He was also 
known with paranoid schizophrenia, for which 
he received treatment with risperidone, duloxe
tine and gabapentine, but, according to his fa
mily, he discontinued medication several months 
ago. He was a non-smoker and did not abuse 
alcoholic beverages. 

History of actual sufferance. The patient’s 
niece stated that two hours before hospital ar-
rival she found him fainted on the floor with 
vomit around, confused, with accelerated 
breathing and an empty bottle of metformin 
nearby; she appreciated that about 20-25 tablets 
of metformin 1 g each were missing. Partial di-
gested capsules were present in the evacuated 
vomit. She could not offer details regarding the 
duration of the sufferance since she had left 
home about eight hours ago.

Clinical exam and work-up. At the time of 
presentation, the patient was confused and le-
thargic (GCS13). He was an obese person, se-
verely dehydrated, with decreased skin turgor, 
dry axillae and oral mucosa, with blood pressure 
(BP) 98/56 mm Hg, regular tachycardia 
108 beats/min, tachypnea 28 breaths/min; no 
edema, rales or other abnormal clinical signs 
were found. The oxygen saturation of 82% in the 
atmospheric air at the time he was taken over by 
the ambulance was corrected to 98-100% with 
two liters/hour of oxygen per mask. Abnormal 
findings in laboratory work-up upon admission 
are summarised in Table 1. The patient was 
hospitalized in the nephrology department.

A peripheral blood smear and serial hemo-
grams were repeated; the results were similar 
and no immature white blood cells were found 
(i.e., myelocytes, metamyelocytes or band neu-
trophils). 
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Extensive investigations were performed for 
the presence of infection, but all results were 
negative. Native thorax, abdomen and pelvic 
computer tomography (CT), abdominal ultra-
sound, pulmonary radiograph and cardiac ultra-
sound were in normal limits, except a slightly 
increased fatty liver and moderate left ventricu-
lar hypertrophy. Blood culture, urine culture, fe-
ces culture, clostridium difficile were all negative. 
Markers of viral hepatitis were absent. 

Other performed blood analysis, including 
erythrocyte sedimentation rate, fibrinogen, amy-
lase, lactate dehydrogenase, albumin, alkaline 
phosphatase, cholesterol (total, fractions), biliru-
bin, thyroid-stimulating hormone and cancer 
markers were within the normal range. Serum 
osmolality upon admission was 289 mmol/L. 
Urine toxicology screen was negative. Urine 
exam showed pH 5, specific gravity 1025, rare 
isomorphic erythrocytes in the sediment. No ab-
normal proteinuria was present and the result for 
ketone bodies in urine was negative.

Treatment and evolution during hospitaliza-
tion. Oral activated charcoal was administered in 
the Emergency room (ER). Intensive parenteral 
hydration with normal saline 3500 mL and molar 
sodium bicarbonate solution 300 mL were ad-
ministered in the next six hours, with no improve-
ment. We noted symptom aggravation in parallel 
with lack of correction of acidosis, an increased 
level of creatinine to 4.52 mg/dL and oligoanuria. 
Urgent hemodialysis with bicarbonate was initia
ted along with continuing parenteral hydration. 

No antimicrobial therapy was administered. Evo-
lution was favorable with increasing of urine out-
put, decreasing nitrogen waste products and full 
correction of blood gas and electrolytes. Leuko-
cyte count decreased rapidly, with full normaliza-
tion at day 3 after admission. The patient needed 
a total of six hemodialysis sessions, two hours 
each. For diabetes, insulin therapy was initiated 
according to the specialist recommendations. He 
was discharged from hospital after nine days. q

DISCUSSIONS

We described the case of a patient with met-
formin overdose secondary to suicidal at-

tempt. Although in our hospital measuring met-
formin blood levels was not available, the 
diagnostic of metformin overdose was clearly 
sustained by anamnesis, clinical exam and se-
vere lactic acidosis. Development of acute kid-
ney injury in the settings of dehydration and pre-
vious treatment with an ACEI led to further 
serum accumulation of metformin with not only 
aggravation of lactic acidosis but also superim-
posed renal-induced metabolic acidosis. Urgent 
hemodialysis along with parenteral hydration 
were performed, with full recovery of kidney 
function and normalization of blood gas and 
electrolyte panel. Moderately increased trans-
aminase levels were considered rather seconda
ry to severe dehydration and transient liver 
ischemia, less likely secondary to an idiosyncra
tic reaction to metformin, which is a rare compli-

TABLE 1. Abnormal blood tests at presentation and discharge
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cation (17); at day 3, the levels of transaminases 
were normalized. Modest increase in CK was 
also considered to be secondary to severe dehy-
dration.

The most challenging differential diagnostic 
upon admission regarded the severe increase of 
leukocyte count with important neutrophilia. 
Neutrophilia can be classified into three catego-
ries: factitious neutrophilia, primary neutrophilia 
and secondary neutrophilia (18). 

Factitious neutrophilia, although not so se-
vere as in our patient, may be secondary to ina
dequate anticoagulation of blood sample or to 
presence of cryoglobulins in blood (18). We 
excluded the first possibility by repeating analysis 
several times with adequate collection of blood 
sample. The titers of cryoglobulins have not been 
searched as neutrophil count rapidly returned to 
normal values.  

Primary neutrophilia is seen in hematologic 
diseases with increased marrow production (i.e., 
acute or chronic leukemia) and it is associated 
with the presence of immature white blood cells 
in the peripheral smear (19), which were not 
present in our patient. Nevertheless, in chronic 
stages of chronic myeloid leukemia, the exami-
nation of peripheral blood smear may not reveal 
immature neutrophils (20). Moreover, in chronic 
myeloid leukemia, increase counts of basophils, 
eosinophils and monocytes are usually present, 
similarly to our patient. As such, upon admission 
we could not exclude a chronic myeloid leuke-
mia complicated with lactic acidosis (i.e., 
Warburg effect) (21), but after three days of hos-
pitalization the neutrophil count was fully cor-
rected, as were the counts of basophils, eosino-
phils and monocytes. As a consequence, 
leukemia was ruled out definitively. 

Hemoconcentration secondary to severe vo
lume depletion could be one explanation for the 
presence of leukocytosis, because there was an 
increase not only in all types of WBC, but also in 
hematocrit and hemoglobin. Yet, we considered 
this to be only a minor contributor to the severe 
increase of leukocytes.

 Secondary neutrophilia is usually noted in 
sepsis, inflammatory systemic diseases, neopla-
sis, after some drugs (anticonvulsivants, lithium, 
corticosteroids, cathecolamines etc), after emo-
tional or physical stress (i.e., surgery, intense 
exercise, etc) (18). 

No inflammatory chronic conditions were 
present in our patient and no medication listed 
above was used prior to hospital admission. 

We took into consideration sepsis as the main 
cause for leukocytosis with neutrophilia in the 
case described here. In clinical practice, the 
presence of neutrophilia is very often considered 
a sepsis-related finding, and empiric prescription 
of antibiotics is especially noted in critically ill 
patients (22, 23). Risk factors for sepsis were 
present in our patient, including diabetes, obe-
sity and acute kidney injury (24). Some features 
revealed by the clinical presentation could have 
been considered part of sepsis clinical picture – 
tahycardia, hypotension – but no abnormal body 
temperature was noted. Also, markers of sepsis 
such as procalcitonin, presepsin and C-reactive 
protein were increased upon admission. Yet, 
laboratory and imaging work-up excluded sepsis. 
Increased serum levels of sepsis markers such as 
presepsin and procalcitonin in either AKI (25, 26) 
or CKD (27, 28) in the absence of sepsis have 
been reported to occur as a result of diminished 
renal clearance, but the cut-off levels for various 
degree of kidney dysfunction are yet to be de-
fined. With regard to C-reactive protein, it is al-
ready known that its levels are increased in AKI 
irrespective of the presence or absence of sepsis 
(29). Therefore, in the absence of proven infec-
tion we did not administer antimicrobial therapy 
for our patient. 

It is tempting to speculate that severe acidosis 
is the main cause of leukocytosis. As stated 
above, most authors of published metformin in-
toxication cases reported increased leukocyte 
count without an explanation for this finding. 
Our patient associated type B lactic acidosis se
condary to metformin overdose, type A lactic 
acidosis secondary to dehydration and systemic 
hypoperfusion and also anionic gap metabolic 
acidosis secondary to acute renal failure (30, 31). 
Nevertheless, there is evidence that, along with 
multiple deleterious consequences on immune 
system, acidosis per se has an inhibitory effect on 
leukocyte motility and it is associated with re-
duced rather than increased leukocyte count 
(32). Leukocytosis may be a feature of diabetic 
ketoacidosis in the absence of infection (33-35) 
and it is considered secondary to leukocyte de-
margination (see below) or to increased produc-
tion of neutrophils in the bone marrow; we per-

Extreme Leukocytosis in Metformin Overdose
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formed urine nitroprusside test in our patient 
and the result was negative.

The entire presentation and clinical picture of 
our patient can be classified as an acute stress by 
the association of intense dehydration, hypoten-
sion, acute kidney injury, severe acidosis and sui-
cidal attempt. Acute stressful conditions may be 
associated with abnormal increase of leukocyte 
count in the blood in the absence of sepsis, 
chronic inflammatory conditions, neoplasia or 
hematologic diseases (36). The cause is mainly 
represented by leukocytes demargination from 
the vessel wall, but a stress-induced mobilization 
of leukocytes from hematopoietic tissues into the 
blood may also be a contributor (37). Leukocytes 
demargination is very often seen in clinical prac-
tice after initiation of treatment with glucocorti-
coids (38), but it was proven to arise also after 
infusion of noradrenaline or adrenaline (39). De-
hydration, hypotension, trauma, surgery, intense 
exercise, convulsions are just few examples of 
acute stress conditions which are accompanied 
by increased endogenous secretion of both cor-
tisol and cathecolamines (40, 41). Demargination 
of leukocytes in acute stress is characterized by 
an increase of the granulocyte subset of white 
blood cells (WBC), especially of neutrophils 
(36, 37), as it happened in our patient. In expe
rimental studies, neutrophil demargination se
condary to cathecolamines or glucocorticoids 
has been proven to be the combined result of 
decreased neutrophil stiffness (42) and downmo
dulation in expression of adhesion molecules 
(43). Taking into account that, in the case repor

ted by us, the neutrophil count was corrected in 
parallel with treatment of all stressful conditions 
listed above, we believe that this was the major 
mechanism of neutrophilia in our patient. q 

CONCLUSIONS

We reported the case of extreme leukocyto-
sis occurred as a reaction to a cumulus of 

multiple and severe acute conditions, including 
metabolic acidosis, acute kidney injury, severe 
volume depletion, hypotension and suicidal at-
tempt. This finding was considered secondary to 
massive demargination of neutrophils into the 
blood stream. The leukocyte count has rapidly 
normalized after correcting the above-men-
tioned conditions and in the absence of antimi-
crobial therapy. Our case report highlights the 
importance for clinicians to be aware of this pos-
sible spurious increase of leukocytes in acute 
non-infectious stressful conditions in order to 
avoid unnecessary use of antibiotics. q
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