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Achieving High Dialysis Dose via Continuous Renal 
Replacement Therapy in the Setting of Metformin 
Associated Lactic Acidosis. A Case Series
Hannah V. Reynolds, FCICM, FANZCA, MBChB,*† Hamish H. G. Pollock, FCICM, FANZCA, MBBS,*†  
Yogesh V. Apte, FCICM, MClinEd, MBBS,†‡ and Alexis Tabah, FCICM, MD*†   

Severe and life-threatening cases of metformin-associated lactic acidosis (MALA) are treated 
with renal replacement therapy. Intermittent hemodialysis is recommended, as it achieves rapid 
more elimination of metformin compared to continuous renal replacement therapy (CRRT). This 
case series describes 4 patients, 2 with acute metformin intoxications and 2 with insidious met-
formin toxicity. All were treated using a novel approach with dual CRRT to achieve rapid elimina-
tion of metformin. Three of the 4 patients survived to hospital discharge. Dual CRRT may be an 
effective alternative when dialysis is not readily available. (A&A Practice. 2022;16:e01561.)

GLOSSARY
BP = blood pressure; CVVHDF = continuous venovenous hemodiafiltration; CRRT = continuous renal 
replacement therapy; DM = diabetes mellitus; ED = emergency department; EXTRIP = EXtracorporeal 
TReatments in Poisoning; GCS = Glasgow Coma Scale; ICU = intensive care unit; IJ = internal jugular 
vein; K+ = potassium; MALA = metformin associated lactic acidosis; ST = ST 150, disposable extra-
corporeal circuit for use with the Baxter Prismaflex or PrisMax CRRT machines

Toxicity due to metformin can lead to metformin-
associated lactic acidosis (MALA) but is rarely seen 
without a precipitating event such as an intentional 

overdose or renal failure. MALA is thought to be due to 
a dual effect of inhibition of mitochondrial metabolism, 
which increases lactate production and reduced lactate 
removal due to impaired gluconeogenesis.1 There is a cor-
relation between lactate levels and MALA-associated mor-
tality, which has been reported to be >30% in severe cases.2,3

Case reports describe the use of different renal replace-
ment therapy modalities to enhance elimination of metfor-
min. Intermittent hemodialysis4,5 or sustained low-efficiency 
dialysis6,7 is recommended, but in some intensive care units 
(ICUs), continuous renal replacement therapy (CRRT) is 
the only option. At present, the use of 2 concurrent CRRT 
machines has only been published in letter form.8,9

Ethics approval was obtained from the Royal Brisbane 
& Women’s Hospital Human Research Ethics Committee 

(Ref-No: LNR/2020/QRBW/60781[AM01]). The patients 
or their next of kin provided written consent for the pub-
lication of this report. This article adheres to the applica-
ble Enhancing the QUALity and Transparency Of health 
Research guidelines.

CASE SERIES
Patients admitted to the ICU between 2016 and 2019 who 
received CRRT were retrospectively identified via the elec-
tronic medical record clinical information system. Patients 
were excluded if they did not receive dual CRRT or were 
under the age of 16 years.

CASE 1
A 17-year-old man presented 1.5 hours following ingestion 
of 48-g metformin and 82-g paracetamol. Other ingested 
medications included rosuvastatin, desvenlafaxine, risperi-
done, esomeprazole, metronidazole, ibuprofen, diclofenac, 
celecoxib, linagliptin, metoclopramide, methyphenidate, 
and fluoxetine.

His blood pressure (BP) was 116/75 mm Hg, pulse 
rate 132 beats/min, respiratory rate 16 breaths/min, oxy-
gen saturation 98% on room air, temperature 36.9 °C, and 
Glasgow Coma Scale (GCS) 14 (eyes 3, verbal 5, and motor 
6). Initial paracetamol concentration was 344 mg/L (normal 
range, 10–30 mg/L) and initial lactate concentration was 4.3 
mmol/L (normal range, 0.5–2.2 mmol/L).

He was treated with n-acetylcysteine for paracetamol 
toxicity and intubated and ventilated for airway protection 
when his GCS decreased to 9. He was transferred to a differ-
ent ICU where continuous venovenous hemodiafiltration 
(CVVHDF) was commenced 16 hours after ingestion. Four 
hours later, due to poor clearance of lactate (Figure 1), a sec-
ond CVVHDF machine was started via a second dialysis DOI: 10.1213/XAA.0000000000001561
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catheter (Tables 1 and 2). Dual CVVHDF ran for a total of 
33 hours with single CRRT continuing until day 15. He was 
extubated on day 9 and discharged to the ward on day 20 
and home on day 27.

Case 2
A 59-year-old man presented following a polypharmacy 
overdose of 50 g of metformin, perindopril, venlafaxine, 

isosorbide mononitrate, atorvastatin, and esomeprazole. 
He had hypertension, dyslipidemia, type 2 diabetes melli-
tus (DM), and ischemic heart disease.

His BP was 160/120 mm Hg, pulse rate 102 beats/min, 
respiratory rate 22 breaths/min, oxygen saturation 96% on 
room air, temperature 36.5 °C, and GCS 13 (eyes 3, verbal 4, 
and motor 6). He was intubated when his GCS fell and for 
worsening acidosis. The initial lactate was 2.3 mmol/L and 

Figure 1. Graph showing change in lactate dur-
ing double CRRT. CRRT indicates continuous renal 
replacement therapy; ED, emergency department.

Table 1. Settings for Each CRRT Machine

Dialysis parameters
Case 1 Case 2 Case 3 Case 4
CRRT 1 CRRT 2 CRRT 1 CRRT 2 CRRT 1 CRRT 2 CRRT 1 CRRT 2

Weight, kg 61 110 72 118
CRRT catheter location Right femoral 

vein
Right IJ 

vein
Left IJ 

Vein
Right femoral 

vein
Right femoral 

vein
Right IJ 

vein
Right femoral 

vein
Right IJ 

vein
Mode CVVH-DF CVVH-DF CVVH-DF CVVH-DF CVVH-DF CVVH-DF CVVH-DF CVVH-DF
Anticoagulation Heparin Heparin Heparin Heparin Heparin Heparin Heparin Heparin
Filter size ST 150 ST 150 ST 150 ST 150 ST 150 ST 150 ST 150 ST 150
Blood flow, mL/min 250 250 350 350 150 200 200 200
Prepump replacement, mL/h 2500 2500 1500 1500 2000 1000 1500 1500
Dialysate, mL/h 2000 2000 2750 2750 2000 2000 1500 1500
Postpump replacement, mL/h 2000 2000 2000 2000 1500 2000 1000 1000

Total CRRT dose, mL·kg–1·h–1 165 76 156 57
Filtration fraction, % 40 43 23 27

Abbreviations: CRRT, continuous renal replacement therapy; CVVHDF, continuous venovenous hemodiafiltration; IJ, internal jugular vein; ST, ST 150, disposable 
extracorporeal circuit for use with the Baxter Prismaflex or PrisMax CRRT machines.

Table 2. Renal Function and Acid Base Balance at Commencement of CRRT

Blood results 
Case 1 Case 2 Case 3 Case 4
CRRT 1 CRRT 2 CRRT 1 CRRT 2 CRRT 1 CRRT 2 CRRT 1 CRRT 2

Time, h 0 +4 0 +12 0 +3 0 +9
Urea, mmol/L 4.5 8.9 4.6 22.8 31.9 25.3
Creatinine, μmol/L 163 224 160 489 1230 931
pH 7.00 6.99 7.14 6.99 6.74 7.02 6.78 6.91
Fio2 0.4 0.4 0.4 0.4 0.4 0.3 0.7 0.3
Pao2, mm Hg 249 240 142 89 246 124 258 96
Paco2, mm Hg 33 34 45 45 21 18 24 24
Bicarbonate, mmol/L 8 8 15 11 3 4 4 5
Base excess, mmol/L –22.3 –22.8 –13.7 –20.3 –31.0 –24.7 –30.0 –26.6
Anion gap, mmol/L 43 41 29 34 44 38 38 35
Lactate, mmol/L 25.4 29.2 22.2 25.0 28.1 24.8 17.0 17.0

Abbreviations: Fio2, fraction of inspired oxygen; Paco2, partial pressure carbon dioxide in arterial blood; Pao2, partial pressure oxygen in arterial blood.
Normal range: anion gap, 4 to 13 mmol/L; base excess, −2 to +2 mmol/L; bicarbonate, 22 to 28 mmol/L; creatinine, 36 to 73 μmol/L; lactate, 0.5 to 2.2 
mmol/L; Paco2, 35 to 45 mm Hg; Pao2, 83 to 108 mm Hg; pH, 7.35 to 7.45; and urea, 2.9 to 8.2 mmol/L.
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peaked at 22.2 mmol/L. He was transferred to an alternate 
ICU where CRRT was started 12 hours after initial presenta-
tion. The lactate remained elevated, so dual CRRT, via a sec-
ond dialysis catheter, was started 24 hours after ingestion.

CRRT ran for 22 hours that included 10 hours of 2 
machines concurrently running. The patient continued 
to deteriorate with escalation of vasopressors, including 
norepinephrine, epinephrine, vasopressin, and methylene 
blue. After a family meeting, life-sustaining therapies were 
withdrawn, and he passed away 33 hours after hospital 
presentation.

Case 3
A 65-year-old woman presented with altered consciousness 
following 4 days of persistent vomiting and diarrhea while 
continuing to take her regular metformin. She had type 2 
DM and hypothyroidism.

Her BP was 87/54 mm Hg, pulse rate 97 beats/min, 
oxygen saturations 97% on room air, respiratory rate 40 
breaths/min, and GCS 10 (eyes 3, verbal 2, and motor 5). 
Initial lactate was 18.2 mmol/L and peaked at 28.9 mmol/L.

Bicarbonate 300 mEq was administered, and invasive 
monitoring and central access were established. CVVHDF 
was commenced within 4 hours of presentation to hospital 
followed by a second dialysis catheter and CVVHDF 3 hours 
later. This was associated with hemodynamic instability 
requiring a norepinephrine infusion up to 0.3 μg·kg–1·min–1.

After 8 hours of 2 dialysis machines concurrently run-
ning, 1 filter clotted. Her lactate and pH had normalized, so 
the second CVVHDF machine was not restarted. The single 
CRRT machine clotted 9 hours later, but there was no indi-
cation for ongoing dialysis. She was discharged from the 
ICU on day 5 and home on day 10.

Case 4
A 61-year-old man presented to the emergency department 
with a 3-day history of generalized abdominal pain, diar-
rhea, and vomiting. He had ischemic heart disease, hyper-
tension, stage 3b chronic kidney disease and type 2 DM, for 
which he took metformin.

On arrival, his BP was 75/50 mm Hg, pulse rate 65 beats/
min, respiratory rate 36 breaths/min, oxygen saturations 
99% on room air, temperature 35.7 °C, and GCS 14 (eyes 
4, verbal 4, and motor 6). Initial lactate was 11.3 mmol/L, 
peaking at 18 mmol/L.

He had a pulseless electrical cardiac arrest possibly due 
to hyperkalemia (K+ 5.6 mmol/L [normal range, 3.5–5.2 
mmol/L]) and achieved return of spontaneous circula-
tion after 5 minutes of advanced life support. Immediately 
postarrest, 4 hours after hospital presentation, a dialysis 
catheter was inserted and CVVHDF commenced. After 9 
hours, a second CRRT machine was started for a rising lac-
tate. Both machines ran for approximately 10 hours with 1 
machine discontinued once his pH was consistently above 
7.3. Single CRRT continued for 2 more days. The patient 
was extubated on day 5 and discharged to the ward on day 
7 and home on day 50.

DISCUSSION
We report a case series of 4 patients with MALA and severe 
high anion gap acidosis treated with dual CRRT. Metformin 

can lead to increased lactate production but not always 
acidosis. The physiology is incompletely understood, but 
MALA represents the most severe form and likely requires 
a precipitating event.10 Further cardiovascular compromise 
can lead to increased lactate production due to hypoxia 
(type A lactic acidosis), worsening the acidosis and subse-
quently the patient’s cardiovascular state.11

The EXtracorporeal TReatments in Poisoning (EXTRIP) 
working group recommends dialysis, compared to CRRT, as 
the preferred elimination technique for metformin toxicity due 
to its superior correction of acid-base and removal of metfor-
min.12 EXTRIP also states that dialysis is the most available 
form of extracorporeal treatments. However, the survey by 
Ricci et al (2006)13 is still likely representative of current prac-
tice in Australian ICUs with CRRT being mostly used. It is a 
more familiar technique to the ICU team and not dependent 
on external staff or equipment. CRRT can be rapidly initiated 
at any time, which is a major advantage over dialysis.

Compared to single CRRT, dual CRRT doubles the blood 
volume and flow rate of the extracorporeal circuits. These 
factors partially negate the advantage of single CRRT being 
more hemodynamically stable than dialysis. This can be 
managed by starting the 2 machines in a sequential man-
ner, which allows for less rapid fluid shifts and titration 
of vasopressors. The additional cost of requiring 2 dialy-
sis catheters and running a second CRRT machine needs 
to be considered. The total “CRRT dose” for cases 1 and 
3 was over 150 mL/kg/h, whereas for case 2 was 76 mL/
kg/h and for case 4 was 57 mL/kg/h (Table 1), an average 
of 2724 mL/kg/d. This is 2.7 times the mean dialysis dose 
(977.7 mL/kg/d) described by Mariano et al14 in their ret-
rospective analysis of MALA treated with dialysis. These 
dialysis doses correlate with EXTRIP’s recommendation 
of using a technique that achieves high flux and high effi-
ciency to rapidly clear metformin and lactate.12

For cases 1 and 2 with acute intoxication, there was a time 
delay of >12 hours from the overdose to initiating CRRT. 
For cases 3 and 4 with insidious intoxication, dual CRRT 
therapy was initiated rapidly after hospital presentation. 
Cases 1, 3, and 4 all survived and had a fairly rapid restora-
tion of their acid base balance. Case 2 had the greatest delay 
in starting the second CRRT machine and never achieved 
normalization of his pH (Figure 2). He died of multiorgan 
failure. Given the limited number of patients treated, we are 
unable to make a recommendation on when to initiate the 
second CRRT machine. However, for case 2, it is unknown 
whether there would have been an alternate outcome had 
the second CRRT machine been initiated earlier.

LIMITATIONS
The utility of measuring metformin concentration is not 
well established12 and as such is not routine practice in 
our institution. The initial high dialysis dose achieved by 
using dual CRRT will rapidly clear metformin from the 
central compartment. Ongoing single-machine CRRT will 
continually clear metformin, as it equilibrates from the tis-
sues back into the central compartment. Despite the absence 
of metformin concentrations to test this theory, the clinical 
improvements in our patients suggest that there was rapid 
clearance of metformin and correction of pH. This case 
series only reviews dual CRRT for patients with MALA. 
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There may be scope to investigate its use in other settings of 
severe metabolic acidosis.

CONCLUSIONS
In the setting of metformin toxicity, dual CRRT is an accept-
able alternative to dialysis. The accessibility and ICU staff 
familiarity with CRRT offer an advantage of this technique.
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Figure 2. Graph showing change in pH during double 
CRRT. CRRT indicates continuous renal replacement 
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