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Introduction 
 

Ischemia-reperfusion (IR), i.e. tissue hypoxia (blood supply restriction) followed by reoxygenation 

(restored perfusion), is involved in frequent clinical circumstances, from myocardial infarction to sickle 

cell disease, is also a major mechanism of post-surgical morbi-mortality, and the primary factor of 

cardiac arrest poor prognosis1,2. Since foremost causes of worldwide mortality are ischemic heart 

disease and stroke (except for sub Saharan Africa), IR represents a global health challenge3. Therefore, 

it is a major concern for physicians and significant efforts are made to prevent and/or protect against 

IR deleterious consequences. 

Cardiac arrest is an universal health issue4. Cardiopulmonary resuscitation (CPR) is the recommended 

algorithm allowing the heart to recover5. Thus, CPR, by restoring organ perfusion after a cardiac output 

breakdown, is a whole multiorgan IR condition. Medication taken at the time of the cardiac arrest 

could have consequences on the prognosis, mainly if they own protective properties against IR, as 

reported for some drugs in other critical conditions, for instance statins in ICU-admitted patients6. 

Main improvement of cardiac arrest prognosis overtime have been made by reducing the time to 

rescue but no medication has proven yet its  benefit in term of short term survival. 

Pharmacological pre- or post-conditioning aims to reduce IR injury by an exposure to a drug acting on 

signaling pathways involved in molecular response to IR7; several candidates have been assessed over 

the last 30 years, with disappointing results at the time, particularly in comparison with ischemic 

preconditioning7,8. 

Metformin is a worldwide-prescribed antidiabetic drug, acting as an insulin-sensitizing agent that 

reduces hepatic glucose output and increases the uptake of glucose in peripheral tissues. Metformin 

ability to be a IR preconditioning drug has been explored in animal models with equivocal results in 

either diabetic or non-diabetic models9,10. Potential mechanisms of action and molecular targets of 

metformin cardio protective drug have been reviewed elsewhere11. A prospective randomized clinical 

studies in non-diabetic patients was unable to demonstrate a benefit of metformin, given as a 

postconditioning12 treatment, on myocardial IR damages. However, consistent with preclinical data, 

several clinical reports plead for a potential protective effect of metformin in various settings of sterile 

and non-sterile inflammation, including IR13–16.  

Diabetes, as well as hypertension, obesity and smoking, is a recognized global risk factor of coronary 

heart disease17, which is a leading cause of cardiac arrest. Retrospective data suggests that diabetes 

status could be associated with a decrease in survival after an in- or out-hospital cardiac arrest (IHCA or 

OHCA) 18, but without reporting patient’s treatment at the time of the cardiac arrest19.  

The hypothesis of this study is that metformin, as a daily treatment before hospital admission, could 

improve the prognosis of patients admitted in the Intensive Care Unit (ICU) for a cardiac arrest, 

compared to patients without previous metformin treatment, regardless of diabetes status. 
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Method 
 

Study design and setting  
 
We performed a retrospective single academic medical center study (University Hospital of 

Guadeloupe UHG, French West Indies – Guadeloupe, France) about patients admitted for a 

resuscitated cardiac arrest in the ICU (the sole on the Island). Guadeloupe is a French island in the 

Leeward Islands (Lesser Antilles) and, at the administrative level, an overseas department and an 

outermost region of the European Union, sharing the same health system than mainland France. The 

population is around 400000 people, mainly Afro-Caribbean, white European, Indian, Middle-Eastern 

and Chinese.  

The urgent medical aid service, i.e. SAMU, provides advanced emergency treatment to OHCA or IHCA 

in Guadeloupe, bringing each surviving patient after an initial CPR to the UHG-ICU. The most remote 

places from UHG over the island are less than 70 kilometers (43 miles) from the UHG, with evacuation 

by road or air (helicopter). The SAMU standard of care follows the French guidelines for cardiac arrest 

(SFMU, https://www.sfmu.org). Defibrillator availability outside the UHG is unlikely, due to the under 

equipment of the territory.  

Guadeloupe has in excess cardiovascular diseases and a high rate of diabetes, around two times more 

in comparison to mainland France, as well as a higher crude mortality rate20.    

After approval by our institutional ethical review board (registration number 11_092019_METAC) of all 

aspects of this study, with a waiver of informed consent, all patients admitted to the ICU for 

resuscitated cardiac arrest, no matter OHCA or IHCA, were retrospectively included, if a minimal return 

of a spontaneous circulation ROSC (for early deceased patients in the ICU) of 20 minutes was obtained. 

Cardiac arrest is defined as a patient who received chest compressions or defibrillation and ROSC. 

Data were extracted from the ICU computerized medical charts and the PMSI, the French hospital 

discharge database (ICD-10 cardiac arrest request: I46). The complete pre hospital timing is not 

available for analysis because the lack of computerized SAMU medical chart, except No-Flow and Low-

Flow times. 

 

Clinical and biological data 
 
For analysis, demographics data (birthdate, sex), past medical history from the relatives, family 

practitioners and personal prescriptions reported in the ICU medical chart were collected. Site of 

cardiac arrest (OHCA or IHCA), dates of entry, discharge from ICU and death if so, were reported within 

28 days (4 weeks) after hospital admission. Initial biological data are extracted from the hospital 

laboratory (DBSYNERGY™ software). 

Duration of No-Flow, as time from cardiac arrest to CPR beginning and Low-Flow as time with active 

CPR are systematically collected.  

https://www.sfmu.org/
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Severity scoring as SAPSII, predictive of the in-hospital mortality, and SOFA (sequential organ failure 

assessment score) to evaluate the multiple organ failure, were calculated for each patients. 

 

Analysis and statistical method 
 
Anonymized data were entered on an Excel™ - Microsoft sheet and once completed (after exclusion of 

incomplete charts), transferred to IBM® – SPSS® statistics software (v 24.0.0.0) for analysis. 

Data are expressed as mean ± standard deviation or percentages. In accordance with the aim of the 

study, initial description of the cohort was followed by an a posteriori comparative study. Comparison 

are scheduled to assess patients under metformin at the time of cardiac arrest versus others (MET 

versus NoMET), and survival at D28 (Alive versus Deceased groups). We derived a predicting model of 

mortality at the admission in the ICU after an OHCA/IHCA by using variables that are clinically relevant 

and available at the time of ICU admission. The model (logistic regression) was reduced using a 

stepwise backward elimination process based on a liberal P value of 0.20 or if the efficiency of the 

model was impacted as a result of the removal of the variable. Univariate comparative study used Chi-

2 or Fisher exact tests (depending on data distribution) to compare categorical variables, and a 

Student-t test or a Mann Whitney U-test (if required) for continuous variables. For the multivariate 

model, data are reported as Odd ratio and 95% confidence intervals are. Multiple logistic regression 

analysis was used to estimate the independent effects of metformin use on survival at D28. Categorical 

included variables were asystole on the first EKG and metformin treatment at the time of cardiac 

arrest while continuous variables were the number of iterative cardiac arrest, the SOFA and SAPSII, No-

Flow and Low-flow durations, and lactate. 

The Kaplan Meier estimator was used to compute a survival analysis between the two groups (MET 

versus NoMET). The non-parametric Log rank test (Mantel Cox model) was associated to estimate the 

survival difference between groups. A secondary analysis taking into account the low-flow duration 

(cut-off 20 min, based on previously published data21) was planned. Tests were interpreted at the 

significance level (≤0.05). 

Then, we performed a propensity score matched analysis; first to estimate the probability to receive 

metformin; second to match each patient to a control we used following methods (“exact”, “nearest”, 

“subclass”); Third to evaluate quality of matching and finally evaluate the outcome (D28 survival, 

express by odds ratio OR). Covariates for the propensity-score model were chosen by starting with a 

model including only age, sex, BNP, CRP, which were thought to be confounders for metformin 

treatment and outcome of interest22 and then added additional clinical covariates that needed to be 

balanced between metformin treated and non-treated (control) groups. The following covariates were 

included in the final model: age (years), sex, diabetes, arterial hypertension, renal insufficiency, cardiac 

failure, dyslipidemia, statins, obesity, tobacco, insulin therapy.  

We finally used a logistic multivariate analysis to perform an optimized model of risk factor associated 

to the D28 mortality, using variables adjusted to the propensity score. 
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Sample size calculation 
 
Based on preliminary data from our ICU, we hypothesized that 30% of patients admitted in ICU are 

diabetic and 30% of diabetic patients are taking metformin at the time of the cardiac arrest. Based on 

literature data, we assumed that the overall in-hospital mortality for cardiac arrest admitted in ICU (no 

matter OHCA or IHCA) was roughly 80%23. Our hypothesis is that patients under metformin at the time 

of cardiac arrest should have a 15% hospital mortality decrease, in comparison with cardiac arrests 

without metformin (regardless of the diabetic status). Aiming to obtain an Odd ratio of mortality 

occurrence less than 1 with a 95% confidence interval not including 1 (p≤0.05) for patients under 

metformin (as an approach of the relative risk), the minimal number of patients to be included is 510. 

Taking into account the admission of 91 patients in 2018 in our ICU for resuscitated cardiac arrest, a 

retrospective inclusion period of 6 years was scheduled.  

 

Results 
 
The period of inclusion was December 1st, 2012 to December 1st, 2018 to achieve a minimal sample size of 

510 patients, as expected (see upper). The flowchart of the study is reported figure 1. Finally, 555 patients 

were included for analysis on the study period. 

 

Figure 1: Flowchart of the study 

General data are reported table 1. On purpose to 

assess differences between patients under 

metformin versus not (MTE versus NoMET), 

comparative data are also reported table 1.  

The hypothesis of metformin-intoxication was 

evoked in 4 cases in MET (no metformin dosage), 

with immediate dialysis for all of them and no early 

death (before 48h of ICU admission). 

Related to a significant decrease of crude mortality 

in MET versus NoMET, we then reported the data comparison, at D28, of living versus deceased patients 

(table 2).  

Among diabetic patients (n=202), the mortality in MET (n=62) versus NoMET (n=140) was 67% vs 80%, 

p=0.04. We then compare living (n=47) versus deceased (n=155) patients at D28 in this sub group of 

diabetic patients (table 3).  

Besides the previously described criteria of severity of cardiac arrest, such as SAPSII and SOFA scores, 

NoFlow/LowFlow duration, asytole and higher lactate level, a treatment with metformin is conversely 

 



 17 

associated with a better prognosis (two times more treated patients in the survival group). The multivariate 

analysis reported table 4 identified independent criteria associated to D28 mortality, a treatment with 

metformin at the time of the first cardiac arrest remaining an independent criterion associated with 

survival (OR 0.477 [0.237-0.957]). 

The survival curves (Kaplan Meier) reported figure 2, showed a better survival in MET through 28 days 

(panel A, log-rank test; p=0.031); then focusing on the ischemia duration (Low-Flow cut-off = 20 minutes) 

combined to metformin treatment or not (panel B, stratified log-rank test; p =0.027).  

Table 5 presents the main characteristics of MET versus NoMET, before and after matching. The 

predicting model for D28 death-related criteria, after adjusting to the propensity score, shows that 

three criteria previously reported in the multivariate analysis remains significantly associated to death 

(i.e. Asystole on the first EKG, number of iterative cardiac arrest and SAPSII) while the metformin 

remains significantly associated to survival (table 6).  
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Table 1: General data and follow up, with comparison between groups receiving or not Metformin (MET 

versus NoMET, and related p values) at the time of initial clinical and biological data after the first cardiac 

arrest (irrespective of further cardiac arrest). Data are expressed in mean ± standard deviation or 

percentage. 

 All patients 

n=555 

NoMET  

n=493 

MET  

n=62 

p 

value 

Sex ratio 1.5 1.5 1.4 0.73 

Age 61.7 ± 15.7 61.2 ± 16.2 65.4 ± 10.6 0.05 

Underlying condition     

Diabetes 36.4% 28.4% 100% <0.01 

Hypertension 57.3% 52.5% 95.1% <0.01 

Obesity (IMC over 35 kg/m²) 13.3% 11.3% 29.0% <0.01 

Cardiac insufficiency 18.5% 18.8% 16.1% 0.60 

Chronic renal insufficiency 15.6% 17.0% 4.8% 0.01 

Dyslipidemia 14.0% 11.9% 30.6% <0.01 

Coronaropathy 12.0% 11.7% 14.5% 0.53 

Cancer 9.1% 9.5% 6.4% 0.42 

Antidiabetic and statin treatment     

Insulin 16.4% 15.6% 22.6% 0.16 

Metformin 11.1% - -  

Oral antidiabetics other than Metformin 10.4% 6.9% 38.7% <0.01 

Statin 19.2% 16.2% 43.5% <0.01 

Number of cardiac arrest 

First cardiac arrest 

1.5 ± 1.1 1.4 ± 0.9 1.7 ± 2.0 0.87 

In-hospital setting (vs Out-of-hospital) 74% 73% 77% 0.52 

No flow (min) 1.5 ± 3.2 1.6 ± 3.3 0.8 ± 1.8 0.08 

Low flow (min) 15.9 ± 13.2 16.0 ± 12.7 15.2 ± 16.6 0.64 

First EKG : asystole (vs other) 71% 71% 67% 0.62 

Etiology : cardiac vs others 34% 33% 37% 0.56 

Etiology : respiratory vs others 29% 29% 28% 0.97 

Initial biological blood test (at ICU admission)     

Leucocytes (giga/L) 13.2 ± 8.7 13.0 ± 8.5 14.7 ± 10.1 0.16 

Platelets (giga/L) 202 ± 130 200 ± 134 223 ± 96 0.17 

Hemoglobin (g/dL) 10.7 ±2.9 10.6 ± 2.9 11.1 ± 2.7 0.19 

Lactate (mmol/L) 8.0 ± 5.9 8.0 ± 5.9 8.2 ± 5.9 0.83 

Glycemia (mmol/L) 11.7 ± 9.1 11.5 ± 9.2 13.5 ± 8.1 0.16 

Urea (mmol/l) 12.0 ± 10.4 11.7 ± 10.4 14.4 ± 10.7 0.21 

Creatininemia (µmol/L) 247 ± 260 199 ± 134 223 ± 96 0.17 

Bicarbonates (mmol/l) 17.5 ± 6.9 17.5 ± 6.8 17.3 ± 7.4 0.79 

pH 7.1 ± 0.2 7.2 ± 0.1 7.2 ± 0.2 0.80 

Initial scoring and follow up     

SAPS II 75 ± 23 74.9 ±23.2 76.1 ± 22.9 0.69 

SOFA  14.0 ± 1.6 14.1 ± 1.6 13.9 ± 1.3 0.50 

Death at D28 81.0% 82.5% 67.7% <0.01 

ICU length of stay (days) 9.2 ± 23.0 9.1 ± 23.8 9.4 ± 14.4 0.92 

Hospital length of stay after ICU admission (days) 10.7 ± 18.6 10.3 ± 18.2 13.7 ± 21.0 0.18 
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Table 2: Univariate analysis of criteria, reported at the time of the first cardiac arrest, associated with 

survival versus death, at D28 after the first cardiac arrest. Data are expressed in mean ± standard 

deviation or percentage. 

 Alive 

n=115 

Deceased 

n=440 

p 

value 

Sex ratio 1.5 1.5 0.99 

Age 60.9 ± 15.9 61.9 ± 15.7 0.57 

Underlying condition    

Diabetes 40.8% 35.2% 0.26 

Hypertension 53.0% 58.4% 0.30 

Obesity (IMC over 35 kg/m²) 11.3% 13.8% 0.47 

Cardiac insufficiency 17.3% 18.8% 0.71 

Chronic renal insufficiency 12.1% 16.5% 0.24 

Dyslipidemia 16.5% 13.4% 0.39 

Coronaropathy 9.5% 12.7% 0.35 

Cancer 4.3% 10.4% 0.04 

Antidiabetic and statin treatment    

Insulin 12.1% 17.5% 0.16 

Metformin  17.3% 9.5% 0.01 

Oral antidiabetics other than Metformin 11.3% 10.2% 0.73 

Statin 24.3% 17.9% 0.12 

Number of cardiac arrest 

First cardiac arrest 

1.2 ± 0.6 1.5 ± 1.1 <0.01 

In-hospital setting (vs Out-hospital) 76% 73% 0.49 

No flow (min) 0.6 ± 1.5 1.8 ± 3.5 <0.01 

Low flow (min) 9.3 ± 8.9 17.6 ± 13.5 <0.01 

First EKG : asystole (vs others) 51% 76% <0.01 

Etiology : cardiac versus others 38% 32% 0.26 

Etiology : respiratory versus others 37% 26% 0.02 

Initial biological blood test (at ICU admission)    

Leucocytes (giga/L) 12.4 ± 6.4 13.4 ± 9.2 0.28 

Platelets (giga/L) 238 ± 112 193 ± 133 <0.01 

Hemoglobin (g/dL) 11.3 ± 2.4 10.5 ± 3.0 0.01 

Lactate (mmol/L) 4.9 ± 4.2 8.9 ± 6.0 <0.01 

Glycemia (mmol/L) 11.3 ± 6.8 11.8 ± 9.6 0.70 

Urea (mmol/l) 8.4 ± 5.2 13.1 ± 11.4 <0.01 

Creatininemia (µmol/L 200 ± 221 260 ± 268 <0.01 

Initial scoring    

SAPS II 61.9 ± 23.3 78.5 ± 21.8 <0.01 

SOFA  13.3 ± 1.3 14.2 ± 1.6 <0.01 
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Table 3: Univariate analysis of criteria, reported at the time of the first cardiac arrest,  associated 

with survival at D28 after the first cardiac arrest in the sub group of diabetic patients (n=202). Data 

are expressed in mean ± standard deviation or percentage. 

 Alive 

n=47 

Deceased 

n=155 

p 

value 

Sex ratio 0.9 1.1 0.55 

Age 66.3 ± 13.0 66.2 ± 11.7 0.95 

Underlying condition    

Hypertension 87.2% 90.3% 0.58 

Obesity (IMC over 35 kg/m²) 14.8% 24.5% 0.16 

Cardiac insufficiency 21.2% 21.9% 0.92 

Chronic renal insufficiency 25.5% 30.3% 0.52 

Dyslipidemia 29.7% 27.7% 0.78 

Coronaropathy 10.6% 19.3% 0.16 

Cancer 2.1% 9.6% 0.12 

Antidiabetic and statin treatment    

Insulin 29.7% 49.0% 0.02 

Metformin  42.5% 27.0% 0.04 

Oral antidiabetics other than Metformin 27.6% 29.0% 0.85 

Statin 42.5% 34.8% 0.33 

First cardiac arrest    

In-hospital setting (vs Out-hospital) 85% 81% 0.61 

No flow (min) 0.4 ± 1.1 1.1 ± 2.7 0.26 

Low flow (min) 9.8 ± 10.5 16.6 ± 14.0 <0.01 

First EKG : asystole 55% 74% 0.01 

Initial biological blood test (at ICU admission)    

Leucocytes (giga/L) 13.6 ± 7.3 14.3 ± 9.1 0.64 

Platelets (giga/L) 270 ± 111 205 ± 137 <0.01 

Hemoglobin (g/dL) 10.8 ± 2.4 10.3 ± 2.8 0.26 

Lactate (mmol/L) 5.5 ± 4.5 8.7 ± 6.1 <0.01 

Glycemia (mmol/L) 12.5 ± 7.5 13.6 ± 8.8 0.50 

Urea (mmol/l) 10.2 ± 6.8 14.4 ± 10.6 0.09 

Creatininemia (µmol/L) 273 ± 282 336 ± 308 <0.01 

Initial scoring    

SAPS II 66.2 ±24.8 79.8 ± 21.4 <0.01 

SOFA  13.4 ± 1.4 14.5 ± 1.5 <0.01 
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Table 4 : Multivariate analysis (logistic regression) of criteria associated with mortality at d28 after a first 

cardiac arrest arriving in ICU. Results are expressed as Odd ratio and 95% confidence intervals (min-max). 

 Odd ratio Min 95CI Max 95CI 

Asystole on the first EKG 3.861 2.272 6.535 

Number of iterative cardiac arrest 1.677 1.157 2.431 

SOFA 1.430 1.198 1.707 

No-Flow 1.146 1.008 1.302 

Lactate  1.085 1.025 1.148 

Low-flow  1.079 1.044 1.114 

SAPSII 1.019 1.008 1.030 

Metformin treatment at the time of cardiac arrest 0.477 0.237 0.957 

 

 

 

 

 

Figure 2 : Survival analysis of the 555 patients (A) having or not an ongoing treatment by Metformin (MET 

vs NoMET) at the time of the first cardiac arrest and (B) having or not an ongoing treatment by Metformin 

at the time of the first cardiac arrest, with stratification on the Low-flow duration (cut off 20 minutes, 

groups MET- LF<20, MET-LF20, NoMET-LF<20, NoMET-LF20)  – Kaplan-Meier curve (Log rank test using a 

Mantel-Cox model). 
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Table 5 : Main characteristics of patients in the unmatched and propensity-matched groups.  

 

 Unmatched groups  Propensity-matched groups  

Patients characteristics  

and outcomes 

No Metformin 

 (n = 493) 

Metformin  

(n = 62) 

P No Metformin 

 (n = 62) 

Metformin  

(n = 62) 

P 

Age (years) 61  16 65  10 0.06 67.84  12 65.26  10 0.20 

Female gender  196 (40) 26 (41) 0.84 32 (52) 26 (42) 0.36 

Diabetes 140 (28) 62 (100) <0.01 62 (100) 62 (100) 1 

Hypertension 259 (52) 59 (95) <0.01 59 (95)  59 (95) 1 

Obesity (IMC over 35 kg/m²) 56 (11) 18 (29) <0.01 13 (21) 18 (29) 0.40 

Cardiac insufficiency 93 (19) 10 (16) 0.72 9 (15) 10 (16) 1 

Chronic renal insufficiency 84 (17) 3 (5) 0.02 3 (5) 3 (5) 1 

Dyslipidemia 59 (12) 19 (30) <0.01 14 (23) 19 (31) 0.41 

Insulin 77 (16) 14 (22) 0.22 20 (32) 14 (23) 0.31 

Statin 80 (16) 27 (43) <0.01 22 (36) 27 (44) 0.46 

Tobacco 71 (14) 5 (8) 0.24 6 (10) 5 (8) 1 

Values given as mean  SD or number (%), BMI, body mass index 

 

 

 

 

Table 6 : Results from the logistic regression analysis after propensity score matching. OR and 95%CI 

estimating the risk of D28 mortality. 

 Odd ratio Min 95CI Max 95CI 

Asystole on the first EKG 5.509 1.988 15.26 

Number of iterative cardiac arrest 1.887 0.935 3.808 

SAPSII 1.029 1.006 1.054 

Metformin treatment 0.384 0.151 0.975 
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Discussion 
 

In diabetic patients, suffering of massive IR related to a resuscitated cardiac arrest, a current treatment 

by metformin is associated with a better survival (15% more surviving patients at D28). This benefit 

seems to be even more significant when the time of multiorgan hypoxia (as roughly assessed by the 

Low-Flow duration) is longer, strengthening our findings. Using a propensity score matching reinforces 

our conclusions by reducing potential selection bias and confounding. These results suggest a 

protective effect of metformin and are important to initiate prospective evaluations, in the way to 

better define how to get the clinical protective effect of metformin against IR injuries, in various 

settings.  

Since patients with and without a current treatment with metformin evidenced a very similar cardiac 

arrest history, in terms of initial location (more than two-thirds of IHCA), duration of hypoxia during 

CPR, severity scoring, biological data witnessing tissue metabolic injury (as does lactate24) and etiology 

for the cardiac arrest, our results are based on reliable data. Because OHCA have some differences 

with IHCA, in term of so called “chain of survival” and survival rate25,  it is important to underline that 

the same distribution of cardiac arrest settings (OHCA versus IHCA) were included in the two groups 

(MET versus NoMET). In addition, being a single center study is an advantage to guarantee comparable 

standard of care. Differences between groups are in accordance with metformin use, the MET group 

including obviously only diabetic patients (so, associated with more hypertension, obesity and 

dyslipidemia25) whereas the NoMET group has only a third of diabetic patients. To note, at the time of 

the cardiac arrest, no difference is noticed between MET and NoMET, for cardiac arrest data and 

biological one (suggesting no metformin-related renal impairment or over dosage), as well as for 

severity scoring. Altogether, these points support a good consistency of our data and the relevance of 

inferred results. Lastly, we pointed out that, for obvious reasons, only retrospective studies can be 

designed to address this issue (i.e. metformin previous treatment and cardiac arrest survival). 

Analysis of D28 mortality-associated criteria identify some of usual and previously reported risks23, as 

duration of No- or Low-Flow, number of repeated cardiac arrest, higher frequency of asystole on the 

first EKG, and higher lactate and renal impairment on the first post cardiac arrest blood tests; the 

severity scoring are also consistent with the prognosis. Therapeutic hypothermia was done for less 

than 10% of patients, so an analysis of this criterion was not justified, besides the fact that this 

approach remains questionable26. Another adjunctive therapy for cardiac arrest (and still under 

evaluation), extracorporeal membrane oxygenation (ECMO) was not quantifiable in our study; indeed, 

due to the remoteness of the only ECMO-provider center in the French West Indies (University 

hospital, Martinique island), no patient was treated by ECMO-assisted CPR.  

Patients in the MET has 15% supplemental survival likelihood (MET versus NoMET analysis) and those 

in the surviving group took twice time more metformin (alive versus deceased analysis). To note, statin 

treatment, a putative preconditioning drug against sterile inflammation, didn’t exhibit difference 
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between groups27. The model derived from the multivariate analysis on mortality strengthens these 

results (except for creatinine rate), with metformin treatment showing up as the sole protective 

criterion in term of mortality.  

Because in the control group, there were not only diabetic patients, we showed that in the subgroup 

of diabetic patients with and without metformin, survival difference and survival-related criteria were 

almost the same. In addition and for the same reasons, a propensity score approach was used to 

adjust for selection bias and confounding. Thus, the use of propensity score matching and 

multivariable regression modelling allow, in a robust manner, to demonstrate that three criteria are 

closely related to D28 mortality (asystole on the first EKG, number of iterative cardiac arrest and 

SAPSII), while metformin remains the only protective criterion. 

The survival curve suggests that the survival difference appears early (5 to 7 days after the cardiac 

arrest) and keeps stable overtime. With an overall mortality as high as 81% and the strong link 

between death and the Low-Flow duration21,23, we were interested to verify whereas the putative 

protective effect of metformin was present whatever the severity of ischemia. We choose the cut-off 

of 20 minutes of Low-Flow because it has been recognized as the relevant prognosis threshold21. After 

stratification on Low-Flow duration, it appears that the protective effect of metformin is even more 

significant in the subgroup with the longest duration of ischemia. 

Metformin appears to be protective against IR injuries, but data in the literature are controversial at 

different levels. First, it is not clear if metformin acts as a preconditioning or post conditioning agent 

short time before or right after the IR event, both hypothesis supported by preclinical data, or as a 

protective treatment in the setting of a chronic intake before the IR event10,28–30. Next, it is not proven 

that metformin could work no matter the diabetic status, data even more suggesting a restricted 

effect to diabetic patients31. Also, a role of the diabetic status itself in response of a IR event has been 

suggested32; thus the balance between a protective role of metformin and a worsening status, i.e. 

diabetes, remains an unresolved issue. Clinical data stay scarce, focusing on myocardial ischemia33. 

Prospective data remains disappointing particularly in non-diabetic patients31,34, whereas chronic 

metformin treatment in diabetic could be effective29. Interestingly, an article more than ten years ago 

in diabetic patients scheduled for surgery evaluated the postoperative events, related to the timing of 

the last metformin intake. The authors reported that, conversely to the recommended avoidance of 

preoperative metformin in scheduled surgery, closer to the surgery is the last metformin intake lower 

would be the occurrence of postoperative events35. Finally, our data refers clearly to a protective 

effect of metformin under the condition of a chronic treatment. 

Our study has some limits, mainly due to its retrospective design. If the metformin treatment was 

reliably reported by patients or relatives in the medical charts, we cannot report the duration of 

metformin treatment prior to the cardiac arrest nor the glycosylated hemoglobin of diabetic patients, 

because of the deficient medical follow up (for several reasons including lack of family practitioners 

and endocrinologists) in Guadeloupe. Thus, no data on diabetes severity before cardiac arrest can be 



 25 

evaluated. Even if comparisons are reassuring, mixing OHCA and IHCA could induce unexpected bias. 

The data regarding the delay between the loss of consciousness and the beginning of the CPR are also 

lacking and could be a bias, partially minimized comparable data on patient’s severity (scoring, lactate, 

etc...).  

The mechanisms involved in such protective properties are still under investigation: signaling pathways 

supporting the protective effect of metformin against IR have been extensively explored, like reactive 

oxygen species, HIF, apoptotic signaling and more; all were assessed with encouraging data without 

being able to propose a global picture9,36,37. 

 

In conclusion, this study is the first clinical evidence of the protective effect of metformin against the 

most severe IR phenomenon, i.e. cardiac arrest, involving all human organs at the same time. We 

believe that these data will help to validate the benefit of metformin, as a chronic treatment, against 

IR injuries. Because of millions diabetic people around the world and the potential benefit of 

metformin, prospective clinical data are required to define larger indications and more precise 

treatment schemes of this drug. Finally, the potential benefit in non-diabetic patients and in sterile as 

well as non-sterile inflammation should be addressed.     
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RESUME DE LA THESE 

 
Introduction : L’arrêt cardiaque (ACR) induit une forme massive d’ischémie reperfusion. La Metformine (MET) est 
l’antidiabétique oral le plus prescrit au monde et les données récentes tendent vers un effet protecteur contre l’ischémie 
reperfusion cellulaire. L’hypothèse de l’étude est que la MET prise de façon régulière avant un ACR permettrait une 
amélioration du pronostic post arrêt cardiaque. 
 
Méthodes : Cohorte rétrospective de tous les patients admis pour un ACR intra ou extra hospitalier en réanimation, de 
Décembre 2013 à Décembre 2018. Répartition en 2 groupes : prise de Metformine pré arrêt cardiaque (MET) versus 
patients non exposés à la metformine (NoMET). Analyse de survie à J28 et utilisation d’une régression logistique et d’un 
modèle de Kaplan Meier pour analyse des facteurs associés à la survie. Association d’un score de propension et d’une 
analyse multivariée pour obtention d’un modèle optimisé d’analyse des facteurs associés à la survie. 
 
Résultats : Inclusion de 555 patients, MET n=62 versus NoMET n=493. La survie à J28 était de 32.3% vs 17.5% (MET vs 
NoMET), p<0.01. Dans le sous groupe diabétique (n=202), la survie MET vs NoMET était de 33% versus 20%, p=0.04. En 
analyse multivariée plusieurs critères indépendants associés à la mortalité ont été identifies mais la prise de Metformine 
antérieure à l’ACR est par contre un critère indépendant associé à la survie (OR 0.477 [0.237-0.957]). Après application 
d’un score de propension, on retrouve en analyse multivariée 3 critères indépendants associés à la mortalité 
précédemment identifies (Asystolie initiale, nombre d’ACR, Score SAPSII), alors que la Metformine reste un critère 
indépendant associé à la survie. 
 
Discussion : Il s’agit de la première étude clinique mettant en évidence un effet protecteur de la Metformine contre le 
phénomène d’ischémie reperfusion le plus sévère : l’arrêt cardiaque. Ces données sont une première étape pour valider le 
bénéfice de la Metformine au cours de l’ischémie reperfusion et ses conséquences. Ces implications pourraient s’étendre 
aux patients non diabétiques et dans les phénomènes d’inflammations stériles ou non. 
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