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ABSTRACT

Aim. Early discontinuation of metformin before cardiac surgery is advised by several national societies, 
although no hard evidence exist supporting this practice. This precaution is mostly extrapolated by data on 
different clinical settings. The aim of this study is to investigate the impact of preoperative metformin use on 
lactate concentrations and lactate clearance during the fi rst postoperative day following cardiac surgery.
Material and Methods. Among 367 consecutive patients who underwent elective on-pump cardiac surgery 
from January 2019 to October 2019, 109 were diabetics, 74 of whom were treated with metformin. Data on 
lactate concentrations and clearance during the fi rst postoperative day were prospectively collected on 
arrival in the ICU, as well as after H6, H12 and H24 in the ICU and subsequently compared. A subgroup anal-
ysis focusing only on the diabetic patients was also performed. Repeated measures multivariate analysis 
of variance (MANOVA) was used to investigate the data on the basis of the group, time and their interaction 
effects.
Results. Lactate concentrations were the same for both groups upon arrival in the ICU. Interestingly, met-
formin users presented lower lactate concentrations than non-users on the following measurements (p = 
0.003 at 6 h and p = 0.01 at 24 h). No signifi cant interaction was found between the two groups (p = 0.76). No 
difference was found between the two groups in terms of lactate clearance (p = 0.53). In the subgroup analy-
sis no difference was observed between metformin users and non-users, either on lactate concentrations (p 
= 0.61), or on lactate clearance (p = 0.86).
Conclusions. In the intensive care unit setting following heart surgery, the use of metformin up until the night 
before surgery was not associated with increased postoperative lactate concentrations or impaired lactate 
clearance.
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Introduction

Metformin is a biguanide with excellent proper-
ties in terms of glycemic control which makes 
it a fi rst choice oral agent for the treatment of 
patients with diabetes mellitus [1]. However, con-
flicting data exist regarding its impact on lactate 
kinetics [2, 3]. Moreover, its use has been asso-
ciated with the Metformin Associated Lactic Aci-
dosis (MALA), a rare, but potentially fatal compli-
cation, with a nearly 50% mortality rate, occurring 
mostly in patients with preexisting renal, cardiac 
or hepatic dysfunction [4].

Additionally, MALA is more common in met-
formin users with concomitant acute pathologic 
conditions, such as sepsis, acute liver dysfunc-
tion, tissue hypoperfusion, or acute kidney dys-
function due to hypovolemia.

This potential threat has lead several national 
societies and institutions to recommend its dis-
continuation prior to surgery [5–7].

Lactate and lactate elimination rate have 
a prognostic value in cardiac surgical patients [8, 
9]. In this setting, however, hyperlactatemia could 
be due to either excess lactate production due 
to tissue hypoperfusion, or a decreased rate of 
lactate metabolism and clearance. High lactate 
concentration is an indicator of hemodynamic 
dysfunction. If metformin leads to an increase in 
lactate levels, it may be misinterpreted as hemo-
dynamic compromise which should be rapidly 
corrected, particularly in this group of patients. 
This may result in unnecessary fluid resuscita-
tion, or in the administration of inotropes. To this 
point no guidelines on the perioperative use of 
metformin have been issued by the European, or 
the American Associations of Anesthesiology. In 
our department, treatment with metformin is dis-
continued only on the day of the surgery, and it is 
restarted 48 hours postoperatively. 

Aim

The aim of this study is to investigate whether 
the continued use of metformin prior to elective 
cardiac surgery has any impact on lactate con-
centrations and clearance during the early post-
operative period.

Material and Methods

Study Design
In our department, 367 consecutive patients 
underwent elective on-pump cardiac surgery 
from January 2019 to October 2019. This group 
included 109 patients with diabetes mellitus, 74 
of whom were treated with metformin. The rest 
of the diabetic patients (35 patients) were treated 
either with different oral agents, or with insulin. In 
our institution, we do not discontinue metformin 
prior to surgery in diabetic patients who use it to 
control their blood glucose levels.

For the purpose of this study, we compared 
postoperative blood lactate concentrations in 
patients using metformin (n = 74) and those of 
non-users (n = 293). A subgroup analysis focus-
ing on the diabetic patients (n = 109) was also 
conducted to control for diabetes status as 
a possible confounder. Demographic and peri-
operative characteristics were recorded for the 
entire cohort. 

In all patients, arterial blood samples were tak-
en postoperatively on 4 time points: arrival in the 
ICU, H6, H12 and H24 after ICU arrival. Lactate con-
centration in mmol/L was measured in these sam-
ples with a Radiometer ABL800 FLEX point-of-care 
whole blood analyzer. As epinephrine may elevate 
lactate concentration without tissue hypoperfu-
sion, its dose of continuous administration in μγ/
Kg/min was recorded at the same time points. 
In order to exclude potential liver failure, causing 
a low lactate metabolism, the maximum values of 
liver enzymes, aspartate (AST) and alanine (ALT) 
transaminases, were recorded for each patient. 
Lactate concentrations and lactate clearance were 
compared between groups over time.

Lactate clearance was calculated using the 
following formula:

where Lac ar. stands for the lactate concentration 
measured on arrival in the ICU and Lact for the 
lactate concentration at a specifi c time point (t).

Lactate clearance as defi ned here is an indi-
cator of lactate elimination rate, and does not 
represent a pharmacokinetic parameter. 

A positive value indicates a decrease in lac-
tate blood concentration over time and, hence, its 
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clearance from the body, whereas a negative val-
ue indicates the inability to clear lactate from the 
blood circulation.

Statistical Analysis
Descriptive statistics were used to summarize 
patient characteristics. Continuous variables 
are reported as means and standard deviation, 
whereas categorical values as counts and per-
centages. Comparisons between groups were 
performed using Wilcoxon signed-rank test for 
continuous variables, while comparisons of cate-
gorical variables were performed by means of the 
Chi-square test, or Fisher’s exact test for extreme 
proportions, as appropriate. Statistical tests were 
based on a two-sided signifi cance level of 0.05. 
The repeated measures multivariate analysis of 
variance (MANOVA) was performed to investigate 
the group, time and their interaction effects.

The SAS software, version 9.4 (SAS Institute 
Inc., Cary, NC, USA) was used to perform statisti-
cal analyses. Any potential outlier was included 
in the analysis and no imputation methods were 
considered.

Results 

Baseline characteristics and perioperative param-
eters for the entire cohort are shown in Table 1. 
Preoperative parameters did not differ between 
the two groups. Metformin users had a signifi -
cantly shorter CPB time by a mean of 13 minutes. 
Data regarding lactate measurements are shown 
in Table 2. Lactate concentrations were the same 
for both groups upon arrival in the ICU. Interest-
ingly, metformin users presented lower concen-
trations of lactates than non-users in terms of 
the following measurements. 

Figure 1 shows lactate concentrations for the 
two patient groups over time. In both groups, lac-
tate values signifi cantly decreased over time indi-
cating a good clearance from the body. The inter-
action between groups was not signifi cant. As 
shown in Figure 2 lactate clearance increased over 
time, although no signifi cant difference was found 
between the two groups on MANOVA. (Table 3).

A subgroup analysis including only patients 
with diabetes mellitus was also performed. Pre 
and perioperative characteristics of these patients 

Table 1. Demographics and baseline characteristics of patients on the entire cohort analysis

All patients
(n = 367)

Metformin users
(n = 74)

Non metformin users
(n = 293)

p-value

Age (y) 66.5 ± 10.0 67.0 ± 8.4 66.4 ± 10.4 0.933
Female gender(%) 67 (18.3%) 10 (13.5%) 57 (19.5%) 0.237
EuroScore II 2.0 ± 2.4 1.6 ± 1.2 2.1 ± 2.6 0.292

Body Mass Index 28.7 ± 4.6 29.1 ± 4.8 28.6 ± 4.5 0.481
Smokers 130 (35.4%) 27 (36.5%) 103 35.2%) 0.830
GFR 79.7 ± 24.8 80.9 ± 24.9 79.4 ± 24.8 0.885
GFR < 60ml/min 73 (19.9%) 16 (21.6%) 57 (19.5%) 0.676
Peripheral Vascular Disease 65 (17.7%) 16 (21.6%) 49 (16.7%) 0.324
Chronic Obstructive Pulmonary Disease 33 (9.0%) 10 (13.5%) 23 (7.8%) 0.123
NYHA status:

1 209 (56.9%) 46 (62.2%) 163 (55.6%) 0.397
2 140 (38.1%) 27 (36.5%) 113 (38.6%)
3 15 (4.1%) 1 (1.4%) 14 (4.8%)
4 3 (0.8%) 0 (0%) 3 (1%)

LV Ejection Fraction 54.0 ± 11.1 52.7 ± 10.9 54.3 ± 11.2 0.262
Bypass Time 105.0 ± 38.8 94.1 ± 39.3 107.7 ± 38.3 0.033

Table 2. Repeated measures Multivariate ANalysis Of VAriance of lactate concentrations in the entire cohort (N = 367)

Lactate concentration
(mmol/L)

Metformin users
(n = 74)

Non metformin users
(n = 293)

p-value Group 
Effect

Time 
Effect

Time*Group 
Effect

On arrival 3.7 ± 0.2 4.1 ± 0.1 0.2069 0.0338 <0.0001 0.7595
6h 2.9 ± 0.3 3.3 ± 0.1 0.1846
12h 1.6 ± 0.2 2.1 ± 0.1 0.0035
24 h 1.3 ± 0.1 1.7 ± 0.1 0.0112
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Figure 1. Lactate Concentration over time (all patients). In both groups (diabetics treated with met-
formin vs. the rest of the cohort), lactate levels signifi cantly decreased over time

Figure 2. Lactate Clearance over time (all patients). Lactate clearance increased over time, although 
no signifi cant difference was found between the two groups (diabetics treated with metformin vs. the 
rest of the cohort)

Table 3. Repeated measures Multivariate ANalysis Of VArianc of lactate clearance in the entire cohort (N = 367) 

Lactate 
clearance

Metformin users
(n = 74)

Non metformin users
(n = 293)

p-value Group Effect Time Effect Time*Group Effect

6h 0.2 0.2 0.7097 0.2536 <0.0001 0.5292
12h 0.5 0.4 0.1126
24h 0.6 0.5 0.2552
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Figure 3. Lactate Concentration over time (diabetics). In both groups (diabetics treated with metformin 
vs. diabetics treated with other drugs, or insulin), lactate values signifi cantly decreased over time

Table 4. Demographics and baseline characteristics of diabetic patients included in the subgroup analysis

TOTAL
(n = 109)

Metformin users
(n = 74)

Non Metformin users
(n = 35)

p-value

Age (y) 68.1 ± 8.4 67.0 ± 8.4 70.3 ± 8.1 0.059
Female gender 20 (18.3%) 10 (13.5%) 10 (28.6%) 0.058
EuroScore II 2.2 ± 2.5 1.6 ± 1.2 3.3 ± 3.9 0.026
Body Mass Index 28.9 ± 4.8 29.1 ± 4.8 28.4 ± 4.9 0.453
Smokers 35 (32.1%) 27 (36.5%) 8 (22.9%) 0.155
GFR 77.0 ± 25.7 80.9 ± 24.9 68.9 ± 25.8 0.041
GFR < 60ml/min 28 (25.7%) 16 (21.6%) 12 (34.3%) 0.158
Peripheral Vascular Disease 25 (22.9%) 16 (21.6%) 9 (25.7%) 0.635
Chronic Obstructive Pulmonary Disease 16 (14.7%) 10 (13.5%) 16 (17.1%) 0.294
NYHA status:

1 65 (59.6%) 46 (62.2%) 19 (54.3%) 0.673
2 42 (38.5%) 27 (36.5%) 15 (42.9%)
3 2 (1.8%) 1 (1.4%) 1 (2.9%)
4 0 (0%) 0 (0%) 0 (0%)

Preoperative LV Ejection Fraction 53.1 ± 11.2 52.7 ± 10.9 53.9 ± 11.9 0.619
Bypass time 100.4 ± 43.2 94.1 ± 39.3 113.7 ± 48.4 0.251

Table 5. Repeated measures Multivariate ANalysis Of VAriance of lactate concentrations in the subgroup of diabetic patients (N = 109) 

Lactate concentration
(mmol/L)

Metformin users
(n = 74)

Non metformin users
(n = 35)

p-value Group Effect Time Effect Time*Group Effect

On arrival 3.7 ± 0.2 4.3 ± 0.3 0.2061 0.2045 <0.0001 0.6112
6h 2.9 ± 0.2 3.3 ± 0.3 0.3789
12h 1.6 ± 0.1 1.8 ± 0.2 0.2517
24h 1.3 ± 0.1 1.4 ± 0.1 0.3523

are presented in Table 4. Metformin users dem-
onstrated a better patient profi le with lower Euro-
score II and a higher GFR than non-users. These 

fi ndings were to be expected as insulin depen-
dent diabetics are included in the non-metformin 
users group, and insulin dependent diabetes mel-
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litus constitutes a known perioperative risk fac-
tor. Patients treated with metformin tended also 
to be mostly male and younger than the rest of 
the diabetic population; nevertheless, these ten-
dencies did not reach statistical signifi cance.

Table 5 shows data with regard to the lactate 
measurements for patients of the subgroup anal-
ysis. No differences were found between the two 
groups. Lactate concentrations decreased signif-
icantly over time in all patients indicating a good 
clearance as shown in Figure 3. Lactate clear-
ance increased over time in both groups (Fig-
ure 4). No differences on lactate clearance were 
found between the two groups of the subgroup 
analysis (Table 6).

Discussion

Hyperlactatemia represents a marker of tissue 
hypoxia/hypoperfusion mainly through anaero-

bic glycolysis. Increased blood lactate levels are 
associated with signifi cant morbidity and mortal-
ity in different groups of patients [10–12]. In car-
diac surgery, lactate and lactate clearance have 
prognostic value [8, 9, 12]. Hyperlactatemia can 
be the result of either excess lactate production 
due to tissue hypoperfusion, or a decreased rate 
of lactate metabolism and clearance. Howev-
er, different physiologic states, such as a stress 
response, the hyperdynamic stage of sepsis, or 
β-2 adrenergic receptors stimulation, common-
ly used in cardiac surgery, may increase lactate 
formation resulting in transient hyperlactatemia 
without tissue hypoxia [13, 14].

Metformin enhances tissue sensitivity to 
insulin, increases peripheral uptake of glucose, 
decreases glucose absorption in the digestive 
tract, suppresses neoglycogenesis and decreases 
fatty acid oxidation, thus making it a fi rst choice 
oral agent in the treatment of diabetes mellitus 
in patients with normal kidney and liver func-

Figure 4. Comparison between 2 groups (diabetics treated with metformin vs. diabetics treated with 
other drugs, or insulin): lactate clearance increased over time

Table 6. Repeated measures Multivariate ANalysis Of VAriance of lactate clearance in the subgroup of diabetic patients (N = 109) 

Lactate clearance Metformin users
(n = 74)

Non metformin users
(n = 35)

p-value Group Effect Time Effect Time*Group Effect

6h 0.2 0.2 ± 0.1 0.9093 0.5991 <0.0001 0.8621
12h 0.5 0.5 ± 0.1 0.5850
24h 0.6 0.6 0.2954
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tions. However, its use has been associated with 
impaired lactate kinetics, hyperlactatemia and 
lactic acidosis [2–4]. MALA is an extremely rare 
event with an estimated incidence of 0.03 to 0.06 
per 1000 patient-years [1, 15], and occurs when 
there is an imbalance between increased lactate 
production and impaired metabolism/reduced 
clearance. Metformin plasma levels >5 μg/mL are 
generally found when metformin is implicated as 
the cause of lactic acidosis [16] when the thera-
peutic range is at <2μg/mL [17].

 Guidelines with regard to the perioperative 
care of the National Institute for Health and Care 
Excellence (NICE), the French Society of Anaes-
thesia and Intensive Care Medicine (SFAR) and 
the British National Formulary recommend the 
discontinuation of metformin before surgery 
[5–7]. To this day no guidelines have been pro-
vided on its perioperative use issued by any inter-
national association of anesthesia. In our institu-
tion, metformin is not discontinued until the day 
of the surgery.

In our study we compared lactate levels and 
lactate clearance between patients treated with 
or without metformin undergoing cardiac surgery 
with the use of cardiopulmonary bypass (CPB). 
In this patient population metformin use was not 
associated with increased postoperative lactate 
levels or impaired lactate clearance. Oddly, met-
formin users showed lower lactate levels and 
a better clearance than the rest of the cohort at 
12h postoperatively, as well as lower lactate con-
centrations at 24h postoperatively. This could be 
partially explained by a shorter mean CPB time 
of 10 minutes in metformin users, although such 
a time period is clinically rather short to account 
for a difference in lactate concentrations. 

We also performed a subgroup analysis 
focusing on patients with diabetes mellitus. No 
differences were found in postoperative lactate 
concentrations and clearance between patients 
treated with metformin and diabetics treated with 
different antiglycemic agents.

These results are in accord with two other 
recently published studies. Nazer et al. [18] in 
2017 and Bano et al. [19] in 2019 studying diabet-
ic patients undergoing CABG reported no impact 
of metformin use up-until the night before sur-
gery in postoperative lactate concentrations. Our 
study included not only CABG patients, but also 
patients receiving all types of cardiac surgery 

with the use of cardiopulmonary bypass (CPB). In 
addition to their action, in our population we also 
explored lactate kinetics. Compared to absolute 
lactate values, lactate clearance seems to be 
a more meaningful prognostic parameter. Rapid 
clearance of lactate is a strong indicator of a bet-
ter outcome in numerous different critical care 
settings [10, 11]. Patients using metformin in our 
study had a better lactate clearance at 12h post-
operatively, although a group effect was not dem-
onstrated overall between the two groups.

Similar results were reported in different ICU 
patient settings. Doenyas-Barak et al. [20], study-
ing diabetic patients in septic shock with lactic 
acidosis, also found better outcome results in 
metformin users. Moreover, Park et al. [2], study-
ing patients with severe sepsis or septic shock, 
found that metformin users had higher lactate 
levels in the early phase of resuscitation which 
normalized over the initial 24-h period. Lee et al. 
[3], however, found no association of metformin 
with hyperlactatemia. 

Timing of hyperlactatemia onset also plays an 
important role in prognosis. Early-onset hyper-
lactatemia defi ned chronically from the beginning 
of CPB to arrival in the ICU has been associated 
with an increased lactate production from the 
myocardium as well as from the peripheral tis-
sues. This type seems to be a more severe form 
as compared to the late onset hyperlactatemia, 
occurring 6 to 12 hours post admission in the ICU, 
with the associated postoperative mortality of 
14.9% and 3.6% respectively [21–23]. In our study, 
lactate concentrations decreased over time dur-
ing the fi rst 24 postoperative hours, and lactate 
clearance increased steadily in the same period. 
This pattern was the same in all patient groups 
studied implying no effect of metformin on the 
type of hyperlactatemia.

In order to explain further our results, it is vital 
to investigate the possible causes and types of 
hyperlactatemia post cardiac surgery in more 
detail. In this setting, different mechanisms were 
proposed to contribute to the fi nal measured 
lactate concentration: liver dysfunction due to 
transient hypoperfusion, hypothermia, bacteri-
al translocation and endotoxin release resulting 
from decreased splanchnic flow [24]. Moreover, 
the use of inotropes such as adrenaline also pro-
motes lactate formation. We used the GFR MDRD 
formula to assess the renal function 
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A few of our patients in the elective proce-
dures group exhibited postoperative lactic acido-
sis. In all those cases, postoperative low cardiac 
syndrome, cardiac tamponade, or extreme hypo-
volemia seemed to be the main causative factors 
for lactic acidosis.

There are several limitations to our study. First 
of all, this is a single centre retrospective study. 
Moreover, the number of patients included was 
small, and it is possible that including a larger 
number of patients would have shown a statis-
tically signifi cant difference between the study 
groups. However, in our results we did not detect 
even a tendency towards higher lactate levels in 
metformin users. On the contrary, a small, but sig-
nifi cant, difference was noted in favor of the met-
formin users group. Finally, and most important-
ly, this is an observational study lacking a control 
group of metformin users in whom the drug was 
discontinued prior to the surgery and its results 
should be interpreted as such. Further studies 
including an adequately powered randomized con-
trolled study are needed to defi ne the proper timing 
of metformin discontinuation before the surgery.

Conclusions

In conclusion, in a post cardiac surgery ICU set-
ting, using metformin up until the night before 
surgery was not associated with increased lac-
tate levels or impaired lactate clearance. Further 
studies are necessary before issuing guidelines 
with regard to the proper preoperative use of 
metformin.
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