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Introduction

The dramatic incidence of diabetes growth represents a 
serious challenge for public health worldwide, affecting 
approximately 10–15% of surgical population with a 

mortality rate of 50% higher than non-diabetic patient 
population. Acute events such as surgery in elderly patients, 
renal dysfunctions, sepsis, and heart failure, could lead to 
adverse effects on co-administration of metformin as in the 
case of lactic acidosis (1). 
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performed 15 days before admission to ED. Patient presented with diffuse abdominal pain, diarrhea, nausea, 
and vomiting). Arterial blood gas analysis showed acidemia (pH 7.031), elevated anion gap (AG), lactate 
>15.5 mmol/L. Due to the patients’ critical condition, vasopressor infusion and fluid resuscitation were 
started and an urgent continuous veno-venous hemodialysis with citrate and calcium (CVVHD-CiCa) 
treatment was provided.
Conclusions: A promptly differential diagnosis at ED and early treatment with vital support and CVVHD-
CiCa enabled the resolution of MALA, which can often be a fatal complication in diabetic patients taking 
metformin. Close collaboration with the surgical and endocrinological team would be necessary for the 
management of the postoperative period planning the reintroduction of metformin in patients undergoing 
major abdominal surgery, to avoid the possibility of the onset of MALA.
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Met formin ,  o ra l  agen t  o f  b iguan ide  c l a s s ,  i s 
recommended as first-line treatment for type 2 diabetes, 
it has multiple mechanisms of action, such as reduction of 
gluconeogenesis, increases peripheral uptake of glucose and 
decreases fatty acid oxidation (2). 

Metformin-associated lactic acidosis (MALA) is described 
as presence of lactic acidosis (blood arterial pH <7.35 and 
serum lactate >5 mmol/L) in patient on acute/chronic 
metformin therapy, which cannot be explained by other 
causes (2). Severe MALA is relatively rare with an incidence 
of 1/100,000 to 9/100,000 cases, and a mortality rate ranged 
of 10–50% (3). 

The incidence of MALA has increased in recent years, 
especially after scientific societies have given approval to 
prescribe metformin also to patients with mild to moderate 
chronic renal failure. The increased risk of renal dysfunction 
is also exacerbated by frequent use of metformin in patients 
taking drugs that block renin-angiotensin system. 

The scientific literature lacks, except for sporadic clinical 
cases, in discussing the relationship between surgery, 
anesthesia and MALA, which is considered as a perioperative 
complication despite its not well-recognized origin (4). 

Even the same international guidelines differ in the 

providing guidance on the management of metformin 
therapy in patients undergoing to surgery. Moreover, 
the recommendations regarding the reintroduction of 
metformin in the perioperative period are not very clear, 
the decision to continue/discontinue or re-enter the 
drug, should be individualized on the patient and on the 
performed surgical procedure (5). 

We describe two cases of post-operative MALA occurred 
in diabetics’ patients with common clinical characteristics 
and reviewed in literature. We present these two cases in 
accordance with the CARE reporting checklist (available at 
https://acr.amegroups.com/article/view/10.21037/acr-22-
100/rc).

Case presentation

A 74-year-old woman presented to the emergency 
department (ED) for a transient loss of consciousness. 
She had been experiencing vomiting, diarrhea, and 
lack of appetite for the last 3 days. Her medical history 
was summarized in Table 1. She had had an abdominal 
adhesiolysis surgery 12 days before. On arrival at ED, she 
was conscious, slightly disoriented, dehydrated and anuric, 
with a normal abdominal examination; vital signs were 
unstable [blood pressure (BP) =70/40 mmHg, heart rate 
(HR) =104 bpm, O2 saturation 93%, T=34 ℃, respiratory 
rate (RR) =30]. No clinical signs of acute abdomen 
obstruction, free fluid in abdominal compartment and 
septic localizations were detected by ultrasound (US) fast 
and subsequent computed tomography (CT) scan. A heart 
exam with echocardiography and electrocardiography 
excluded cardiac injury. The laboratory finding revealed 
severe kidney injury and arterial blood analysis showed 
severe acidosis with elevated anion gap (AG) (Table 1). 
Baseline estimated glomerular filtration rate (eGFR) was  
3 mL/min/1.73 m2 (stage V of chronic kidney disease). 
MALA was suspected. Supportive treatment was promptly 
started with fluids, sodium bicarbonate and vasopressor 
without results. An urgent continuous veno-venous 
hemodialysis with citrate and calcium (CVVHD-CiCa) 
treatment was started. As the patient was hemodynamically 
unstable, she was admitted to the intensive care unit (ICU) 
and hemodynamic parameters were closely monitored. 
During the following hours lactic acidosis had worsened to 
the point that an increased vasopressor support was necessary. 
Even though the patient was still conscious, a mild sedation 
was performed to relieve her agitation and confusing state. 
In about 36 hours, the patient was alert and oriented. Lactic 

Highlight box

Key findings
•	 Occurrence of metformin-associated lactic acidosis (MALA), in 

patients who have recently undergone abdominal surgery with 
predisposing conditions, can be rapidly recognized and treated 
already in the early stages.

What is known and what is new? 
•	 Urgent and aggressive supportive care and use of continuous renal 

replacement therapy (CRRT), after a careful differential diagnosis 
and predisposing conditions evaluation (recent surgery, sepsis, 
concomitant therapies, acute deterioration in renal functions, etc.), 
may help in improving outcomes.

•	 In patients with hemodynamic instability, the early use of 
continuous veno-venous hemodialysis with citrate and calcium 
(CVVHD-CiCa) proves to be safe and effective, allowing a more 
conservative resuscitation treatment. 

What is the implication, and what should change now? 
•	 Assessment and monitoring of renal function, associated therapies 

(e.g., renin-angiotensin system blockers) and postoperative 
hydration status should be mandatory for proper timing of 
metformin reintroduction. Multidisciplinary team would be 
necessary for the optimal management of the postoperative period 
up to discharge for planning the reintroduction of metformin in 
patients undergoing abdominal surgery.

https://acr.amegroups.com/article/view/10.21037/acr-22-100/rc
https://acr.amegroups.com/article/view/10.21037/acr-22-100/rc
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Table 1 Main laboratory data, blood gas analysis, ICU scores and noradrenaline dosage of Case 1, over the acute phase 

Case 1
ED 

(T=0)
ICU (Adm) 

T1 (3 h)
T2  

(6 h)
T3  

(12 h)
T4  

(24 h)
T5  

(30 h)
T6  

(36 h)
T7  

(48 h)
T8  

(60 h)
T9  

(72 h)
ICU (D)  

T11 (96 h)

Lactate (mmol/L) 8.1 9.6 11.2 13.5 9.9 8.5 4.6 2.33 1.4 1.11 0.9

BE (mmol/L) −21.3 −23.3 −25.8 −23.3 −18.6 −15.7 −11 −1.2 0.8 2 1.8

PCO2 (mmHg) 22.3 16.1 11.7 14.3 19.5 19.8 25.8 33.3 41.1 41.9 42.8

HCO3− (mmol/L) 6.4 5 4 5.1 7.4 9.3 13.9 22.8 25.8 26.7 26.4

pH 7.07 7.06 6.99 7.08 7.2 7.29 7.34 7.45 7.41 7.42 7.41

AG (mEq/L) 24 27 27 30 28 26 21 14 8 7 9

Creatinine (mg/dL) 11.2 5.8 – – 2.6 – – 2.6 – – 1.9

Glycemia (mg/dL) 146 172 186 188 194 182 178 124 161 140 146

BUN (mg/dL) 56 37.8 – – 28.5 – – 28.5 – – 24.7

eGFR (mL/min/1.73 m2) 3 6.6 – – 18 – – 17.3 – – 25.3

Urine output (mL/kg/h) – – – – 0.1 0.3 0.5 0.8 >1.0 >1.0 >1.0

Lipase (U/L) 268 1,830 – – – – – – – – 145

Amylase (U/L) 78 400 – – – – – – – – 76

INR (ratio) 1.3 1.34 – – – – – – – – 1.01

PT (sec) 1.2 14.6 – – – – – – – – 11.4

PTT (sec) 33 27 – – – – – – – – 21

PCT (ng/mL) 0.41 0.5 – – 0.5 – – 0.5 – – 0.3

APACHE II score 22 19 – – – – – 15 – – 13

SOFA score 10 11 – – – – – 9 – – 4

Noradrenaline (mcg/kg/min) – 0.24 0.35 0.42 0.35 0.28 – – 0.03 –

Albumin (g/dL) 3.2 – – – – – – – – – –

ICU, intensive care unit; ED, emergency department; Adm, admission; D, discharge; BE, base excess; PCO2, partial pressure of carbon dioxide; 
AG, anion gap; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; INR, international normalized ratio; PT, prothrombin time; PTT, 
partial thromboplastin time; PCT, procalcitonin; APACHE, Acute Physiologic Assessment and Chronic Health Evaluation Scoring System; SOFA, 
Sequential Organ Failure Assessment.

acidosis, hemodynamic instability and renal failure resolved 
as well (Table 1). Physiologic urine output on the third day 
was restored, CVVHD-CiCa was discontinued, and patient 
was discharged from ICU (Figure 1).

A 78-year-old man, with history of right hemicolectomy 
performed 15 days before admission to ED, was described. 
Patient presented with diffuse abdominal pain, diarrhea, 
nausea, and vomiting in the last 3 days. Suspecting 
intestinal obstruction, the patient was quickly transferred 
to diagnostics. The CT scan proved negative. In the 
meanwhile, mental status change occurred, and ICU was 
alerted. At first, he was able to talk, but was confused and 
hypotensive (BP: 70/39 mmHg). On physical examination, 
he was hypothermic, tachypneic, confused, had dry mouth, 

and reduced bowel sounds. Nevertheless, heart and chest 
examination were normal. Arterial blood gas (ABG) analysis 
showed acidemia (pH 7.031), elevated AG, lactate >15.5 
mmol/L (maximum detectable value) (Table 2). Baseline 
eGFR was 7.6 mL/min/1.73 m2 (stage V of chronic kidney 
disease). Due to the patient’s critical condition, he was 
rapidly transferred to ICU. Norepinephrine infusion and 
fluid resuscitation with sodium bicarbonate was started. As 
the degree of lactic acidemia was out of range, MALA was 
suspected, and renal replacement therapy was urgently started 
with CVVHD-CiCa. The hemodialysis was stopped with 
acid base status and hemodynamic normalization (Table 2,  
Figure 2). 

All procedures performed in this study were in 
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Abdominal 
surgery 

adhesiolysis 
74-year-old 

woman 
ED admission ICU admission ICU discharge

9 days 3 days 3 hours 2 hours 31 hours
CVVHD-CiCa

60 hours

Vomiting, diarrhea, lack of appetite 

US Fast, CT scan, 
echocardiography  
BP: 70/40 mmHg,  
HR: 104 bpm, O2:93%,  
T: 34 ℃, RR: 30, pH: 7.07, 
lactate: 8.1 mmol/L,  
creatinine 11.2; anuric, 
mental confusion

Supportive care
fluids, vasopressor, 
sodium bicarbonate 
supplementation

Worsened lactic acidosis, increased 
vasopressor support, sedation for 
agitation and mental confusion

Vasopressor 
reduction, renal 
function restored 
physiological urine 
output, restored 
mental status

ICU stay: 4 days
Time from ED admission to CVVHD-CiCa: 5 hours
No ventilation support

Figure 1 Timeline of Case 1. ICU, intensive care unit; ED, emergency department; US Fast, ultrasound focused assessment with 
sonography in trauma; CT scan, computed tomography scan; BP, blood pressure; HR, heart rate; RR, respiratory rate; CVVHD-CiCa, 
continuous veno-venous hemodialysis with citrate and calcium.

Table 2 Main laboratory data, blood gas analysis, ICU scores and noradrenaline dosage of Case 2, over the acute phase

Case 2 ED (T=0) ICU Adm T1 (2 h) T2 (6 h) T3 (12 h) T4 (24 h) T5 (30 h) T6 (36 h) ICU (D) T7 (48 h)

Lactate (mmol/L) >15.5 >1.5 >15.5 8.3 0.9 0.6 0.6 0.8

BE (mmol/L) −23.3 −25.9 −21.4 −1.4 2.7 8.1 1.5 9.1

PCO2 (mmHg) 7.2 10.5 12.1 12.1 29.5 40.5 30.1 40.6

HCO3− (mmol/L) 2.6 2.8 5 7.1 2.7 31.7 23.9 32.6

pH 7.17 7.03 7.24 7.39 7.53 7.5 7.51 7.52

AG (mEq/L) 61 62 55 37 12 4 14 7

Creatinine (mg/dL) 6.4 – – – 2.2 – – 1.8

Glycemia (mg/dL) 83 87 221 148 146 140 139 162

BUN (mg/dL) 77.5 – – – 41.1 – – 39.2

eGFR (mL/min/1.73 m2) 7.6 – – – 27.7 – – 35.3

Urine output (mL/kg/ h) – – – – 1.13 >1.2 >1.2 >1.2

Amylase (U/L) 37 – – – – – – –

INR (ratio) 1.48 – – – 1.72 – – 1.63

PT (sec) 17 – – – 19.7 – – 17.6

PTT (sec) 27 – – – 32 – – 30

PCT (ng/mL) 0.3 – – – 0.86 – – 0.85

APACHE II score 28 – – – 16 – – 13

SOFA score 12 – – – 7 – – 6

Noradrenaline (mcg/kg/min) 0.35 – – – – – – –

Albumin (g/dL) 2.3 – – – – – – –

ICU, intensive care unit; ED, emergency department; Adm, admission; D, discharge; BE, base excess; PCO2, partial pressure of carbon 
dioxide; AG, anion gap; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; INR, international normalized ratio; PT, 
prothrombin time; PTT, partial thromboplastin time; PCT, procalcitonin; APACHE, Acute Physiologic Assessment and Chronic Health 
Evaluation Scoring System; SOFA, Sequential Organ Failure Assessment.
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accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the 
Helsinki Declaration (as revised in 2013). As stated in the 
CARE reporting guidelines (6), written informed consent 
was obtained from the patients for data collection and 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Discussion

Clinical presentation of MALA is often non-specific. 
It can mimic various severe conditions such as sepsis, 
gastrointestinal disorders, heart failure and hypovolemic 
shock. Presenting symptoms in many cases were nausea, 
vomiting, diarrhea, abdominal pain and loss of appetite. 
The initial symptoms are consistent with both infectious 
gastroenteric syndrome and initial accumulation of 
metformin, so it is unclear what the trigger is. Disturbances 
of consciousness up to coma and circulatory instability have 
been reported in exacerbations of lactic acidosis.

Constant increase of type 2 diabetes mellitus (DM) 
in surgical population and the widespread treatment 
with metformin, require the anesthetist to know drug 
pharmacokinetics and pharmacodynamics as well as its 
potential interactions. It proves to be essential to better 
understand MALA pathophysiology to prevent fatal 
complications. Real incidence of postoperative MALA is not 
estimable; however, we need to be able to recognize patients 
at risk of MALA preemptively, in order to diagnose and 
treat promptly. Metformin is absorbed in the proximal small 
intestine and excreted unchanged by the renal tubules, it 

blocks respiratory chain complex 1 in liver cells mitochondria 
causing an energy deficiency and activation of AMP-
activated protein kinase. The blocking of gluconeogenesis 
and lipogenesis stimulates glucose absorption and fatty 
acids oxidation (7) with passage from aerobic to anaerobic 
metabolism and increase in lactic acid production. 
Consequently, the pyruvate, produced by glycolysis, is no 
longer metabolized by the mitochondria. Reduced hepatic 
gluconeogenesis leads to lactate accumulation, a precursor 
of the glucose-generating metabolic pathway. Furthermore, 
metformin, in the splanchnic blood flow of the small bowel, 
supports glucose conversion into lactate thus increasing its 
production (7). 

AG was useful  in the differential  diagnosis .  In 
diarrhea there is a bicarbonate loss which causes non-
AG hyperchloremic acidosis; instead in MALA we find a 
normal or slightly elevated AG value. Metabolic acidosis 
with increased AG in MALA is only caused by type B lactic 
acidosis. In fact, while type B is caused by inhibition of 
mitochondrial cellular respiration, the type A is due to 
hypoperfusion during hemodynamic instability (8). 

Metformin is eliminated unchanged via renal tubules. 
Indeed, worsening of kidney function decreases the 
clearance of metformin leading to its accumulation. 
Clinical conditions such as acute renal failure, liver failure, 
dehydration, hypoxia, sepsis, trauma, shock, myocardial 
infarction, and use of nephrotoxic drugs appear to be 
considered risk factors for MALA (2). Only kidneys are 
responsive of metformin elimination, it follows that in 
patients with an eGFR below 30 mL/min, serum levels will 
progressively raise, hence current guidelines suggest to 
revise metformin dosage in those patients (9). 

Abdominal 
surgery: right 

hemicolectomy 
78-year-old man 

ED admission ICU admission ICU discharge

13 days 2 days 2 hours 5 hours 23 hours 18 hours
CVVHD-CiCa

Diffuse abdominal pain, vomiting, diarrhea

CT scan; anuric, 
mental confusion, 
hypothermic, 
tachypneic, dry 
mouth; pH: 7.031, 
elevated anion 
gap, lactate  
>15.5 mmol/L 

Supportive care
fluids, vasopressor, 
sodium bicarbonate, 
mild sedation

Acid base status 
and hemodynamic 
normalization, normal 
urine output

ICU stay: 2 days
Time from ED admission to CVVHD-CiCa: 7 hours
No ventilation support

Figure 2 Timeline of Case 2. ICU, intensive care unit; ED, emergency department; CT scan, computed tomography scan; CVVHD-CiCa, 
continuous veno-venous hemodialysis with citrate and calcium.
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However,  as there are no specif ic s igns and/or 
instrumental analysis, except for the plasma concentration 
of metformin, MALA always remains a diagnosis of 
exclusion. MALA is likely to affect patients who develop 
acute kidney injury (AKI) due to vomiting, diarrhea, surgery 
and in any state of dehydration. In fact, dehydration could 
cause AKI reducing metformin clearance. It results in an 
increase of plasmatic level of metformin, especially when 
the drug is continuously administered. 

Both cases described above were severely dehydrated, 
oligo-anuric and with high levels of creatinine and lactate. 
Both had been subjected to abdominal surgery during their 
recent recovery, with discontinuation on surgery days, but 
no changes in metformin dosage were made in postoperative 
period. This results in accumulation of reintroduced 
metformin and consequent severe lactic acidosis as describe 
and summarized in Table 3 in other few cases report (10-14). 
Electrolyte imbalances and severe dehydration occurred 
more frequently in postoperative period. Our patients 
underwent diuretic and antihypertensive therapy with 
angiotensin-converting enzyme (ACE) inhibitors. Diuretics 
worsen dehydration and electrolyte depletion, leading to 
pre-renal AKI (2).

As in our hospital it was not possible to confirm MALA 
diagnosis with metformin blood test, it was made by 
exclusion. Our patients have always remained conscious, and 
despite psychomotor agitation, they have always maintained 
good airways protection, so intubation was not necessary.

There is no clear consensus on MALA treatment. The 
EXTRIP (Extracorporeal Treatment in Poisoning) working 
group has published the guidelines for the management 
of MALA, in which supportive treatment (fluids, sodium 
bicarbonate, and electrolyte balance) is mentioned as the 
most important measure. Dialysis is indicated in cases of 
lactic acidosis >20 mmol/L, pH <7, hypotension, reduced 
level of consciousness, renal insufficiency, lack of response 
to supportive treatment (15). Intermittent hemodialysis 
is the first choice due to its better ability to remove 
metformin. Serum lactate >20 mmol/L is an important 
prognostic factor of mortality related to MALA, so it is an 
alarm signal that should lead to more aggressive treatments.

The benefits of extracorporeal treatment, both for 
hemodialysis and continuous renal replacement therapy 
(CRRT), have been reported (16). Hemodialysis is effective 
not only in reducing lactate levels and regulating electrolyte 
damage, but also in reducing blood level of metformin. 
In our cases, instead of hemodialysis, we preferred 
CVVHD with calcium-citrate system due to the patients’ 

hemodynamic instability.
As it was not possible for us to assess blood levels of 

metformin as a parameter of CVVHD efficacy, we used 
lactate, pH, trends in hemodynamic values and vasopressor 
dose. After the first hours of CVVHD, there was an 
improvement in the parameters until they completely 
normalised (Tables 1,2).

There was a complete recovery of urinary capacity with a 
decrease in blood creatinine levels. 

In our case ,  MALA was most  l ikely  caused by 
dehydration, which resulted in an alteration in renal 
function and thus an increase in the serum concentration of 
metformin. This led to a positive feedback loop and critical 
lactic acidosis. After diagnosis, treatment should include 
alkalization, support of vital signs, treatment of primitive 
causes, forced diuresis, and/or hemodialysis for rapid 
drug elimination (16). The preoperative evaluation must 
always be carried out in a meticulous way, concentrating on 
recognizing patients with DM and risk of stress-induced 
hyperglycemia, diabetes-specific complications, such as 
gastroparesis, diabetic cardiopathy and/or nephropathy. 
Perioperative management of diabetic chronic renal failure 
is important to avoid the administration of nephrotoxic 
agents. As stated before, metformin in patients with 
chronic renal failure amplify the risk of MALA. It follows 
that before surgery it is mandatory to identify risk factors 
[creatinine clearance (CrCl) <60 mL/min], minimize all 
those situations that can cause a reduction in renal function 
such as dehydration, prolonged fasting, heart failure and 
administration of iodinated contrast.

MALA is a rare complication however; it is associated 
with high mortality, which is why anesthetists should be 
experienced in treating diabetic patients. It is crucial to pay 
attention on the perioperative evaluation and identifying 
among all patients on metformin therapy, those who are 
most susceptible to MALA.

Metformin in the perioperative period remains 
controversial, although in elective surgery it is better to 
interrupt administration, monitor intraoperative blood 
glucose and correct hyperglycemia, if deemed necessary, 
with fast-acting insulin. Some guidelines available for the 
use of metformin recommend discontinuing the treatment 
perioperatively. However, firm evidence for discontinuation 
is lacking and there is evidence that perioperative 
continuation of metformin may be safe. Therefore, 
metformin should be discontinued if there is pre-existing 
renal impairment or a significant risk that the patient will 
develop acute kidney injury. Anesthesiologists should be 
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Table 3 Review of post-operative MALA cases

Cases Comorbidity Therapy
MALA onset from 
surgery/type of 
surgery

Treatment (type 
and time from ED 
admission)

ICU stay Outcome
Preoperative 

metformin last 
administration

Case 1, 
female, 
74-year-old

Diabetes type 
2, hypertension, 
dyslipidemia, 
hyperuricemia

Metformin 2,500 mg,  
perindopril tert-
butylamine 8 mg, 
doxazosin 2 mg, 
atorvastatin 20 mg, 
allopurinol 300 mg

12 days/abdominal 
adenolysis

CVVHD-CiCa, 
supportive care, 
vasopressor, mild 
sedation, sodio 
bicarbonate 
infusion, 5 hours

96 hours Alive 48 hours

Case 2, male, 
78-year-old

Diabetes type II, 
ischemic heart  
disease, paroxysmal 
atrial fibrillation

Metformin 1,000 mg, 
lansoprazole 15 mg,  
folic acid 5 mg, 
amiodarone  
200 mg, clopidogrel 
75 mg, aspirin 100 mg, 
rosuvastatin 20 mg, 
amlodipine 10 mg

15 days/right 
hemicolectomy 

CVVHD-CiCa, 
supportive care, 
vasopressor, mild 
sedation, sodio 
bicarbonate 
infusion, 7 hours

48 hours Alive 48 hours

Mears et al. 
(10), male, 
82-year-old

Diabetes type II, 
hypothyroidism,  
benign prostatic 
hypertrophy

Metformin 500 mg, 
levothyroxine 0.1 mg

36 hours/cervical 
decompression

Supportive care 96 hours Alive 24 hours

Gonçalves 
et al. (11), 
female, 
65-year-old

Diabetes type II, 
diabetic retinopathy, 
chronic kidney 
disease, dyslipidemia, 
hypertension, 
hyperuricemia, 
anemia, peripheral 
venous insufficiency

Metformin 500 mg, 
levothyroxine 0.1 mg

37 hours/cervical 
decompression

Supportive care 97 hours Alive 12 hours

Margiani  
et al. (12), 
male, 
70-year-old

Diabetes type II,  
benign prostatic 
hypertrophy, 
hypertension

Metformin 3,000 mg,  
irbesartan/
hydrochlorothiazide  
150 mg/12.5 mg, 
tamsulosin 0.4 mg

14 days/low  
anterior rectal 
resection with 
ileostomy

CVVHD-CiCa, 
supportive care

8 days Alive 72 hours

Mercker  
et al. (13), 
male, 
66-year-old

Diabetes type 
II, hypertension, 
peripheral vascular 
disease, previous 
pulmonary embolism

Metformin 500 mg,  
nifedipine, isosorbide 
mononitrate, 
phenprocoumon

96 hours/abdominal 
hernia repair

Supportive care,  
2 hours

49 days Dead 24 hours

Cotae et al. 
(14), female, 
90-year-old

Diabetes type II, 
hypertension, atrial 
fibrillation

Metformin, sitagliptin, 
gliquidone

72 hours/left hip 
hemiarthroplasty 
and great trochanter 
osteosynthesis

CVVHD-CiCa, 
supportive care

– Alive –

MALA, metformin-associated lactic acidosis; ED, emergency department; ICU, intensive care unit; CVVHD-CiCa, continuous veno-venous 
hemodialysis with citrate and calcium.

alert to the dangers of nephrotoxic agents or the use of 
contrast agents and the type of surgery to be performed on 
the patient (17). 

In the post-operative period, patients should restart oral 

intake and home-therapy. According to the Association of 
Anesthesiologists of Great Britain and Ireland, if the eGFR 
is superior to 50 mL/min/1.73 m2, metformin should be 
recommenced. However, French guidelines suggest that in 
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patients with HbA1c 8% who are already taking metformin, 
the drug should be resumed at the same dose 48 h after 
surgery, if provided creatinine levels are CrCl >60 mL/min 
(5,18). 

The Food and Drug Administration (FDA) recently 
indicated that metformin can be started in patients with an 
eGFR of 45 to 60 mL/min and continued in patients with 
an eGFR of 30 and 45 mL/min provided that renal function 
is closely monitored.

Metformin continues, however, to be contraindicated in 
the presence of an eGFR below 30 mL/min.

Lactic acidosis in patients with severe chronic kidney 
disease is likely mediated by the accumulation of excessive 
metformin levels, which is eliminated renally, but 
metformin per se does not appear to be renally toxic (19,20).

About 25% of patients treated with metformin experience 
side effects such as nausea and diarrhea. Some experiences 
suggest starting with a dose of 500 mg/day, slowly titrating 
and/or using prolonged-release formulations until the anti-
hyperglycemic effect dosage is reached. This recommended 
attitude may mitigate gastrointestinal adverse effects, and 
if these occur, physicians should work with patients to find 
a dose that balances glucose reduction with adverse effects. 
This aspect is equally important in the reintroduction of 
therapy in patients undergoing major surgery, especially 
abdominal surgery, as shown by our clinical experience (19).

Treatment with ACE-inhibitors contributed to 
postoperative AKI, with metformin accumulation and 
toxicity. In the early stages it manifests itself with diarrhea 
and vomiting, which aggravate hypovolemia and renal 
failure, ending in severe MALA. 

Conclusions

Early recognition of MALA differential diagnosis is crucial 
for its management. Unfortunately, the clinical presentation 
does not always correlate with the severity of the disease 
or the laboratory alterations. For this reason, even initially 
stable patients may experience a rapid deterioration, 
which is why immediate consultation of intensive care 
and nephrology is necessary. In fact, a prompt diagnosis 
in ED and intensive care treatment with early support of 
CVVHD-CiCa hemofiltration can be crucial in MALA. 
Close collaboration with the surgical and endocrinological 
team for optimal postoperative management and therapeutic 
discharge planning would be desirable. Paying attention 
to peri-operative assessment by optimizing treatments and 
identifying patients and surgical procedures at highest risk 

of complications such as MALA in diabetics should be 
imperative.
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