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Case

• F/64

• allergic to neosporin, chloramphenicol, hypromellose eye 

drops

• BH 146cm  BW 60.9kg

• Past medical history

– Post-RAI hypothyroidism

– DM

– Hyperlipidaemia

– Old CVA with good recovery / CT brain: old left cerebral infarct

– Psychosis FU psychiatry



Case

• Usual medications

– Aspirin 80mg po daily

– Pepcidine 20mg po BD

– Diamicron 120mg po OM

– Metformin 1000mg po BD

– Thyroxine  100mcg po daily

– Zestril 5mg po daily

– Risperidone 3mg po nocte



Case

• Admitted to medical ward for reduced appetite and poor 
oral intake for 3-4 days

• Vomiting of undigested food for several times

• Epigastric pain for several days

• Diarrhoea of watery loose stools before hospital 
admission

• No urinary symptoms

• Shortness of breath +, no chest pain, cough or sputum

• Dull looking, no fever, chills or rigors, no TOCC

• No herbs or over-the-counter medications taken

• No overdose of usual medications



Case

• Temp 33.2  GCS E4V4M6  BP 110/41  P 87/min RR 
27/min

• SpO2 100% on 2L/min O2 NC

• Chest: clear lung fields

• CVS: HS dual, no murmur

• Abdomen soft and non-tender

• CNS: no focal neurology

• H’stix 1.4 in AED

• ECG: atrial fibrillation, no acute ischaemic change



CXR



Case

• WBC 17.7 Hb 10.3 plt 184  INR 1.3

• RFT  135/8.3/28.1/874 <- RFT  137/4.5/10.1/108

• LFT normal amylase normal

• pH 6.90 pCO2 2.0 pO2 7.8 HCO3 2.9 BE -28

• Lactate 13.21 (< 2.2)

• hstroponin < 14

• Zero urine output

• Transferred to ICU for close monitoring and renal 

support



Case – D1 ICU

• Developed hypotension 66/34 after ICU admission

• Fluid resuscitation

• Dopamine and nor-adrenaline infusion started

• Amiodarone infusion for fast AF up to 150/min

• Empirical augmentin after septic work-up

• Started CVVHDF

• Vasopressin and hydrocortisone for refractory 
hypotension

• Antibiotics stepped up to meropenem



Case – D1 ICU

• GCS deteriorated E1V1M2

• Intubated to protect airway

• Highest dose of vasopressors required

– Dopamine 200mg in 50ml NS at 30ml/hour (33 μg/kg/min)

– Nor-adrenaline 8mg in 50ml D5 at 50ml/hour (2.2 μg/kg/min)

– Vasopression 40 units in 50ml D5 at 3ml/hour (0.04 units/min)

• Bedside echo: LVEF 70%, no regional wall motion

abnormality, no valvular lesion, no pericardial effusion



CXR



AXR



Case – D2 ICU

• WBC 15.5 Hb 7.5 plt 109

• RFT 133/4.1/12.5/341

• pH 7.50 pCO2 4.0 pO2 15.6 HCO3 22.9

• CVVHDF stopped

• BP improved and vasopressin stopped

• Dose of dopamine and nor-adrenaline decreased

• Urine output regained



Case – D3 ICU

• RFT 136/2.9/11.2/296

• HCO3 20.7 pF ratio > 450

• Spontaneous diuresis

• GCS E3VTM6 -> extubated

• Doses of vasopressors keep decreasing

• Preliminary two blood C/ST results: no growth

• Preliminary urine C/ST: no growth, WBC and nitrite 
negative

• Meropenem stopped



Case – D4 ICU

• WBC 14.9 RFT 140/3.1/11.2/176 HCO3 21.0

• Dopamine infusion stopped

• Decreased dose of nor-adrenaline

• Tolerate oral feeding

• Hydrocortisone stopped

• Diamicron resumed



Case 

• WBC normalised and RFT improved

• Electrolytes monitored and corrected

• Dose of nor-adrenaline is decreasing slowly

• Discharged from ICU on D7

• Formal blood and urine C/ST results: no growth



Cause of lactic acidosis?

• A.  Sepsis

• B.  Dehydration in DM patient

• C.  Metformin

• D.  A+B

• E.  B+C

• F.   A+B+C

• G.  None of the above



Septic shock is unlikely in this patient…

• No definite source of sepsis was identified upon 
admission and during ICU stay

• Blood and urine C/ST were negative

• CXR was clear and pF ratio was good

• Clinical condition improved after 1 day of antibiotics

• Elevated WBC on admission could also be explained by 

other conditions such as stress and dehydration

• Shock could also present in lactic acidosis due to other 

causes apart from sepsis such as tissue hypoperfusion



Is metformin a ‘suspect’?



Metformin



Metformin

• Metformin is recommended as the drug of choice in 
patients with type 2 diabetes mellitus by

– American Diabetic Association

– European Association for the Study of Diabetes

– Diabetes Australia Guideline Consortium

• Improves both peripheral and liver sensitivity to insulin

• Reduces gluconeogenesis in liver

• Increases insulin-stimulated uptake and utilization by 
peripheral tissue

• Lowers both fasting and post-prandial glucose 
concentration



Studies

• UK Prospective Diabetes Study (UKPDS)  indicates 
metformin monotherapy lead to a reduction in diabetes-

related endpoints and mortality, as compared to insulin, 

sulfonylurea therapy or diet alone

• Addition of metformin to insulin therapy significantly 

reduces macrovascular morbidity and mortality 40%

• ARR is 6.1% with a NNT 16 over a mean duration of 4.3 

years

• Cochrane review found obese patients treated with 

metformin showed a significant benefit than 
sulfonylureas or insulin for any diabetes related outcome 

and total mortality



Side effects

• Gastrointestinal side effects occur on 20-30% of patients 
leading to discontinuation in <5% of patients

• Diarrhoea (10-53%)

• Nausea or vomiting (7-26%)

• Headache, agitation, dizziness and tiredness (6%)

• Megaloblastic anaemia, vitamin B12 deficiency (7%)

• Leukocytoclastic vasculitis (1%)

• Pnuemonitis (1%)

• ? Lactic acidosis (< 1%)



Lactic acidosis

• Accumulation of lactate (> 5 mmol/L) with decreased pH 
(pH < 7.20)

• Causes of lactate accumulation

– Oxygen deprivation of cells in shock (e.g. hypovolaemic, 
cardiogenic and septic shock)

– Endotoxaemia

– Thiamine deficiency

– Seizure (increase lactate production)

– Liver insufficiency (reduce lactate clearance)

– Epinephrine infusion

• Hyperlactatemia≠ lactic acidosis
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Classification

• Cohen and Woods type A

– Clinical evidence of poor tissue perfusion or oxygenation of 
blood (e.g. hypotension, cyanosis, cool and mottled extremities)

• Cohen and Woods type B

– No clinical evidence of poor tissue perfusion or oxygenation

– B1: presence of systemic diseases, such as acute renal and 
hepatic failure, diabetes and malignancy

– B2: drugs and toxins

– B3: inborn errors of metabolism 



Lactic acidosis

• Mortality rate up to 50%

• Symptoms include malaise, myalgia, respiratory distress, 

drowsiness and abdominal pain

• Hypothermia, hypotension or bradyarrhythmia may occur

• Management would be supportive and removal of 
underlying cause



D-lactic acidosis

• Lactate produced by mammalian tissue is levo-isomer

• Dextro-isomer of lactate is produced by acid resistant 

bacteria (lactobacillis and streptococcus) in bowel

• Gain access to systemic circulation and cause metabolic 

acidosis, often combined with metabolic encephalopathy

• After extensive small bowel resection and after 

jejunoileal bypass for morbid obesity

• Not measured by standard laboratory assays



Biguanides and lactic acidosis

• Phenformin is the predecessor of metformin

– decrease gluconeogenesis from alanine, pyruvate and lactate

– inhibit hepatic uptake and oxidation of lactate

– increase splanchinic production of lactate

• Some actions are due to affinity to mitochrondrial 

membrane, impairing the transport of reducing NADH

• Undergo partial biotransformation by liver

• Removed from market in 1977 due to unacceptably high 
incidence of associated lactic acidosis (about 1 case per 

1000 patient-years)



Biguanides and lactic acidosis

• Metformin was marketed as Glucophage in early 1995

• Low affinity to mitochrondrial membrane

• Does not inhibit oxidative metabolism of lactate

• Tend to raise lactate by inhibiting gluconeogenesis

• Excreted unchanged in urine

• 3 cases of lactic acidosis per 100,000 patient-years 

according to manufacturer



• When we type ‘metformin associated lactic acidosis’ in 
www.pubmed.com....





So…

• Are these cases of lactic acidosis really caused by 
metformin?

• Is it right to prescribe metformin to this patient in the 
beginning?

• Should we continue metformin for this patient after she 

recovers?



Diabetes Care, volume 21, number 10, October 1998

Diabetes Care, volume 27, Number 7, July 2004



• 101 episodes of acidosis identified

• Metabolic acidosis in 31%

• Mixed metabolic and respiratory acidosis in 40%

• 22 patients have type 2 DM and 5 of them has lactic 
acidosis

• Hepatic impairment, severe LV dysfunction and impaired 
renal function but not metformin use were associated 

with lactic acidosis  



limitations

• Small sample size

• Retropective review

• Selection of inpatient cohort with high rates of co-
morbidities and advanced age population



• Diabetic Medicine 16, 692-696

• Cross-sectional analysis of 308 type 2 DM patients 
taking metformin admitted to hospital for acute illness or 

optimization of DM control

• No lactic acidosis was observed

• 19% of patients have chronic renal impairment

• 25% have heart failure, 6.5% have respiratory 
insufficiency and 1.3% have hepatic impairment



• Diabetes Care, volume 21, Number 10, October 1998

• Measures the rate of lactic acidosis in type 2 DM 

patients for 12 full months in 1993, 1994 or both (before 
the era of metformin)

• 4 confirmed and 3 possible cases of lactic acidosis from 

> 41,000 patient-years

• Lactate level was not measured in possible cases, but 

they have high anion gap metabolic acidosis without 
evidence of ketoacidosis or uraemic acidosis



• 9.7  per 100,000 patient-years of lactic acidosis in 
metformin-naïve type 2 DM patients

• Rate increases up to 16.9 per 100,000 patient-years if 
possible cases are included



• Diabetes Care, volume 28, number 3, March 2005

• Randomised, open-label, parallel group, 1-year trial in 

type 2 DM patients suboptimally controlled on diet or 
sulphonylurea

• Patients received metformin (n=7227) were compared 
with usual care (n=1505)

• Primary endpoints were serious adverse events, death 
and hopsitalisation







• Similar serious adverse events between groups

• No lactic acidosis was observed

• No significant difference between mortality and 
hospitalization



• Med J Australia 2008; 188: 446 – 449

• Study the incidence of lactic acidosis in 1279 community 

patients in Western Australia with type 2 DM, with 
reference to metformin

• 33.3% was treated with metformin and 23.1% had 
contraindication when study started in 1996

• 55.1% was treated with metformin and 38.0% had 

contraindication after follow up for 5 years





• 3 lactic acidosis per 5228 patient-years in metformin 

group and 2 cases per 7238 patient-years in non-
metformin group after 10 years’ follow up

• Weakness was small total patient-years of follow-up



• Diabetes Care, volume 31, number 11, November 2008

• 6 cases of lactic acidosis identified among the study 
population of 50,047 type 2 DM patients

• Crude incidence of lactic acidosis was 3.3/100,000 
patient-years among metformin users and 4.8/100,000 

patient-years among sulfonylureas users

• Risk factors for lactic acidosis identified in all case 

subjects



• Retrospective analysis of all lactic acidosis in a hospital 

in UK

• Classified as patients with and without DM, those taking 

metformin or not

• Information on numbers of DM patients and those taking 

metformin in local population was provided by two large 

local general practices
DM with 

metformin

DM without 

metformin

Non-diabetic

Annual 
incidence rate 
per 1000 
patients

1.2 1.8 0.1









• DM is proposed to be associated with lactic acidosis 
rather than metformin in this study





• 347 studies were analysed

– 209 were prospective comparative trials

– 125 were prospective cohort studies

– 13 were retrospective cohort studies

• 19 trials were specifically designed to assess the 

incidence of lactic acidosis

• Side effects or adverse events were described in almost 

all trials

• Of the 334 prospective studies, 53% allowed inclusion of 

renal insufficiency and 97% included at least one of the 
contraindications



• Upper limit of true incidence of lactic acidosis

– 4.3 / 100,000 patient-years in metformin group

– 5.4/ 100,000 patient-years in non-metformin group

• Authors’ conclusion: No evidence from prospective 

comparative trials or from observational cohort studies 

that metformin treatment increases the incidence of 
lactic acidosis compared with other anti-hyperglycaemic

treatments

• Large prospective, comparative trials are necessary in 

patients with type 2 DM who have condition that are 
presently contraindicated for its use



DM as risk factor for lactic acidosis

• Micro- or macrovascular disease in DM may cause 
relative tissue hypoxia leading to anaerobic glycolysis

• Type 2 DM do have mild hyperlactataemia under basal 
condition attributing to a defect in pyruvate oxidation

• DM patients were more likely to have sepsis, 

dehydration or acute cardiac event which perpetuate the 
chronic hypoxia condition

• Raised lactate in DKA was partly due to inhibitory effect 
of ketones on hepatic lactate uptake



DM as risk factor for lactic acidosis

• Possible precipitating factors for lactic acidosis in DM

– Acute renal failure

– Acute liver failure

– Sepsis

– Dehydration

– Acute cardiac events (acute coronary syndrome, congestive 
heart failure)

– Acute pulmonary disease (asthma, acute excerbation of COPD)

• Continuation of metformin in acute illness theoretically 
has the tendency to perpetuate hyperlactatemia



More lenient guidelines for metformin use?

• No definite causal relationship between metformin and 
lactic acidosis is established when being taken in usual 

therapeutic dose, even including those with traditional 

contraindications

• Judicious use of metformin improved diabetic-related 

morbidity and mortality



• CMAJ, Aug 30, 2005: 173(5)



• Diabetologia (2005) 48: 2454 – 2459





• Proposed advanced age per se, mild renal impairment 
and compensated heart failure can no longer be upheld 

as contraindications for metformin

• Estimated GFR as low as 40ml/min may be acceptable 

to continue metformin

• Stable heart failure of NYHA stages I and II that is 
effectively controlled by diuretics and ACEI should no 

longer be contraindication

• Safe to withdraw metformin the evening before IV 

contrast media with normal renal function in view of low 
lipophilicity and short plasma half-life of metformin



• Continue meformin in stage 1-2 CKD, GFR 60-90 ml/min

• Reduce starting and maximal dose by half in stage 3 

CKD, GFR 30-60 ml/min

• When GFR < 30ml/min, risk and benefit of metformin

should be balanced

• Also advised to stop metformin in acute illness 

predisposing to hypoxia or acute renal failure



• Metformin use in patients 

with stage 1 or 2 chronic 

kidney disease and after 
renal transplantation 

would result in possible 
cardio-vascular and 

survival benefits



• CMAJ, November 18, 2008, 179 (11)



t

• Metformin is always avoided in patients with acute 

deterioration of renal function and in whom oxygenation 
and tissue perfusion is severely compromised

• In type 2 DM patients with stable chronic renal disease, 
clinicians should not prematurely or unnecessarily 

withdrawing metformin treatment



• Diabetes Care, volume 24, June 2011



• Such proposals, being consistent with well-respected 
national guidelines committee, should be reviewed by 

professional medical organizations in the US, such as 

the American Diabetes Association

• If a consensus emerges, perhaps the FDA might 

reconsider the current metformin prescribing guidelines



• 10,920 DM patients aged > 30 years hospitalized for the 

first time of heart failure were assigned mono-, bi- or 

triple therapy

• Over median observation time of 844 days, treatment 

with metformin is associated with a low risk of mortality 
compared with treatment with sulfonylurea or insulin

• No lactic acidosis were identified over the study period





• Prospective study of 1,519 patients with newly-

diagnosed DM and heart failure during 9 years

• 39% patients did not receive metformin and they were 

matched with 592 patients taking metformin using 

propensity-score

• Metformin group had decreased mortality, mainly due to 

reduced cardiovascular mortality, and with a lower 
hospitalization rate



• No association with an improved prognosis with a mean 
HbA1c <= 7.0%

• No case of lactic acidosis was observed



• Retrospective study in Japan to study efficacy of newly 
prescribed metformin in 568 patients from 2001 to 2006

• 180 patients (31.7%) were age 65 years or over



• Efficacy of metformin in Japanese elderly patients with 
type 2 DM is not different from that in non-elderly 

patients

• Efficacy was independent of age, sex, degree of obesity 

and concomitant use of other drugs

• No lactic acidosis was observed

• Safety might be linked to specific contraindications rather 

than age itself



MALA - Truth or myth?

• No evidence from existing literature that metformin
increases the risk of lactic acidosis when compared with 

other anti-hyperglycaemic agents

• DM per se is proposed to be risk factor for lactic acidosis

• Metformin is theoretically a perpetuating factor for lactic 

acidosis in high risk patients

• May also be an ‘innocent bystander’

• Difficult to evaluate the degree of contribution to lactic 
acidosis by metformin in high risk DM patients



Conclusion

• Large prospective and comparative trials in type 2 DM 
patients with traditional contraindications to metformin 

may be the direction of future research

• Current evidences suggest metformin is safe in stable 

stage 1 and 2 chronic kidney disease, well compensated 

heart failure and old age

• Instead metformin should be stopped in case of acute 

illness which may predispose to acute renal failure or 
hypoxia condition

• Little evidence regarding metformin use in patients with 
liver disease or receiving IV contrast media



Back to our patient…

• Calculated CrCl before admission = 44.5 ml/min

• Has to balance the risk and benefit before restart of 

metformin

• Our patient has psychiatric illness and relatively 

suboptimal self-caring ability

• May not able to stop metformin in case of acute illness 

such as sepsis, ACS, dehydration or GE

• Metformin was discontinued upon discharge form 
hospital

• RFT was static with latest Cr 98



Back to our patient…

• Lactic acidosis in our patient is likely precipitated by 
dehydration (possible GE), acute renal failure and 

perpetuated by continuation of metformin in underlying 

DM


