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Abstract 

Background Sodium glucose co-transporter-2 (SGLT2) inhibitors improve long-term cardiovascular and renal out-
comes in individuals with type 2 diabetes. However, the safety of SGLT2 inhibitors in ICU patients with type 2 dia-
betes is uncertain. We aimed to perform a pilot study to assess the relationship between empagliflozin therapy and 
biochemical, and clinical outcomes in such patients.

Methods We included 18 ICU patients with type 2 diabetes receiving empagliflozin (10 mg daily) and insulin to 
target glucose range of 10–14 mmol/l according to our liberal glucose control protocol for patients with diabetes 
(treatment group). Treatment group patients were matched on age, glycated hemoglobin A1c, and ICU duration with 
72 ICU patients with type 2 diabetes exposed to the same target glucose range but who did not receive empagliflozin 
(control group). We compared changes in electrolyte and acid–base parameters, hypoglycemia, ketoacidosis, worsen-
ing kidney function, urine culture findings, and hospital mortality between the groups.

Results Median (IQR) maximum increase in sodium and chloride levels were 3 (1–10) mmol/l and 3 (2–8) mmol/l in 
the control group and 9 (3–12) mmol/l and 8 (3–10) mmol/l in the treatment group (P = 0.045 for sodium, P = 0.059 for 
chloride). We observed no differences in strong ion difference, pH or base excess. Overall, 6% developed hypoglyce-
mia in each group. No patient in the treatment group and one patient in the control group developed ketoacidosis. 
Worsening kidney function occurred in 18% and 29% of treatment and control group patients, respectively (P = 0.54). 
Urine cultures were positive in 22% of treatment group patients and 13% of control group patients (P = 0.28). Overall, 
17% of treatment group patients and 19% of control group patients died in hospital (P = 0.79).

Conclusions In our pilot study of ICU patients with type 2 diabetes, empagliflozin therapy was associated with 
increases in sodium and chloride levels but was not significantly associated with acid–base changes, hypoglycemia, 
ketoacidosis, worsening kidney function, bacteriuria, or mortality.
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Introduction
Data from large randomized controlled trials have 
shown that sodium glucose co-transporter-2 (SGLT2) 
inhibitors attenuate cardiovascular and kidney disease 
progression regardless of the presence or absence of 
diabetes [1]. In addition, in patients with chronic kid-
ney disease and marked albuminuria, treatment with 
the SGLT2 inhibitor dapagliflozin also reduced the risk 
of abrupt declines in kidney function as defined by a 
doubling of serum creatinine between two subsequent 
study visits (median time-interval 100 days) [2].

However, the safety and efficacy of SGLT2 inhibi-
tors in critically ill patients treated in the intensive care 
unit (ICU) has never been assessed. Concerns include 
observed associations between SGLT2 inhibitors and 
increased risk of normoglycemic ketoacidosis [3], uri-
nary tract infections [4], electrolyte and acid–base 
disturbances [5], and early decline in glomerular filtra-
tion rate triggered by tubuloglomerular activation and 
decreased intraglomerular pressure [6].

On the other hand, in non-critically ill patients with 
cardiometabolic risk factors who were hospitalized 
with COVID-19, dapagliflozin therapy resulted in a 
numerical reduction in organ failure, including acute 
kidney injury, renal replacement therapy and death 
within 30  days compared with placebo [7]. Although 
differences were not statistically significant, these data 
suggest that SGLT2 inhibitors may be safely used in 
acutely ill patients.

ICU patients with type 2 diabetes experience acute-
on-chronic insulin resistance, and typically require 
high insulin doses to achieve target blood glucose lev-
els [8]. Unfortunately, insulin therapy increases the risk 
of excessive glucose fluctuations and hypoglycemia, 
and these risks are exacerbated in critically ill patients 
with diabetes [9, 10]. Previous studies suggest that large 
glucose fluctuations and hypoglycemia provide mecha-
nistic links between insulin therapy and adverse clini-
cal outcomes [11, 12]. Adding SGLT2 inhibitors has 
the potential to reduce insulin requirements. However, 
reduced insulin delivery could result in relative insulin 
deficiency and ketoacidosis.

Given the above concerns and lack of data in the ICU 
setting, we conducted a pilot case–control study in ICU 
patients with type 2 diabetes receiving insulin aim-
ing to evaluate whether the potential to reduce insulin 
requirements using the SGLT2 inhibitor empagliflozin 
outweighed the risk of ketoacidosis. In addition, we 
aimed to assess the relationship of empagliflozin ther-
apy with biochemical, renal, infectious, and exploratory 
clinical outcomes.

Material and methods
This study was approved by the ethics committee at Aus-
tin Hospital, Melbourne, Australia (approval HREC No. 
LNR/14/Austin/487) with a waiver of informed consent.

Patients
In this pilot, matched case–control study, we included 
adult (18  years or older) patients with type 2 diabetes 
admitted to ICU at Austin Hospital, Melbourne, Aus-
tralia in whom insulin infusion was commenced within 
the previous 24  h. Patients receiving chronic empagli-
flozin therapy, pregnant patients and patients with a 
do not resuscitate order were not eligible for inclusion. 
Included patients were prescribed 10  mg empagliflo-
zin per day until discharge from ICU. Enrolment was 
stopped after inclusion of 18 patients due to the warning 
issued by FDA that SGLT2 inhibitors increase the risk of 
Fournier’s gangrene [13]. Here, we present the data for 
these 18 patients. All patients were managed according 
to our liberal glucose control protocol [14]. According 
to the protocol, intravenous insulin infusion was initi-
ated when glucose exceeded 14 mmol/L and adjusted to a 
target level between 10 and 14 mmol/L while in the ICU. 
Hourly blood glucose measurements were recommended 
to guide insulin therapy (Additional file  1: Fig. S1). We 
selected control group patients from an existing, pro-
spectively collected, database including 350 ICU patients 
with diabetes treated according to the same glucose con-
trol protocol but who did not receive SGLT2 inhibitors 
in the ICU [14]. From this database, we excluded patients 
with type 1 diabetes, patients with end-stage renal dis-
ease, and patients without available HbA1c or admission 
creatinine. The remaining 269 patients were matched 
(four controls per case) using coarsened exact match-
ing on the following variables: age (category < 50  years, 
50–60  years, > 60  years), HbA1c (above or below 7%), 
and ICU length of stay (category 0–2  days, 2–5  days, 
5–10 days, > 10 days). No patient in the control group or 
in the treatment group received noninsulin glucose-low-
ering drugs (except empagliflozin in the treatment group) 
while in the ICU.

Data collection
In control group and treatment group patients, we pro-
spectively recorded demographic data, ICU admission 
characteristics, pre-ICU diabetes treatment, admission 
glycated hemoglobin A1c (HbA1c), daily insulin admin-
istration, urine output and renal replacement therapy 
use in the ICU, and routine blood gas data obtained in 
the ICU. We measured glucose, sodium, chloride, potas-
sium, base excess, pH and creatinine in arterial or venous 
blood using the Radiometer ABL825 blood gas analyser 



Page 3 of 10Mårtensson et al. Critical Care          (2023) 27:189  

(Radiometer Medical A/S, Brønshøj, Denmark). Admis-
sion HbA1c was analyzed in routine blood samples using 
the COBAS INTEGRA 800 analyser (Roche Diagnos-
tics, Indianapolis, IN). In treatment group patients we 
measured blood β-hydroxybutyrate each morning (at the 
time of empagliflozin administration) using the Freestyle 
Optium Xceed point-of-care meter (Abbott Diabetes 
Care Inc., Maidenhead, UK). In the control group, blood 
β-hydroxybutyrate was measured as soon as possible 
after ICU admission and each morning thereafter in a 
subgroup of patients [15].

Outcomes
We assessed biochemical, renal, infectious, and 
exploratory clinical outcomes. Biochemical outcomes 
included maximum increase in blood electrolyte lev-
els (sodium, chloride, and potassium) and acid–base 
parameters (abbreviated strong ion difference [aSID], 
pH, and base excess), hypoglycemia occurrence (blood 
glucose level < 4  mmol/l), and occurrence of ketosis 
(β-hydroxybutyrate level ≥ 0.6  mmol/l) and ketoacidosis 
(beta-hydroxybutyrate level ≥ 3  mmol/l in combination 
with bicarbonate level < 15  mmol/l or pH < 7.3). Blood 
glucose level ≥ 11 mmol/l was not included in the defini-
tion of ketoacidosis since patients were treated according 
to a liberal glucose protocol and since empagliflozin may 
cause ketoacidosis despite normoglycemia. Renal out-
comes included maximum increase in creatinine level, 
worsening kidney function (doubling of creatinine rela-
tive the first creatinine value in ICU [control group] or 
relative the most recent creatinine value before empagli-
flozin initiation [treatment group] and/or receipt of new 
renal replacement therapy), and the diuretic response 
to furosemide therapy (urine output to furosemide dose 
ratio). Infectious outcome included a positive urine cul-
ture. Exploratory clinical outcome included hospital 
mortality.

Statistical analysis
Continuous variables were summarized as median (inter-
quartile range [IQR]) and categorical variables as n (%). 
We compared continuous data using the Mann-Whitney 
U test. For categorical variables, we used the chi-squared 
test or the Fisher’s exact test. We used generalized linear 
mixed modeling with random intercept per individual 
and random slope over time to assess changes in urine 
output to furosemide dose ratio over time. The inter-
action between group and time was introduced in the 
mixed model to compare the change over time between 
groups. A two-sided P value < 0.05 was considered statis-
tically significant in the analyses. We analyzed data using 
STATA version 16.1 (Stata Corp., College Station, TX, 
USA).

Results
Patients
The characteristics of the 72 control group patients and 
the 18 treatment group patients are compared in Table 1. 
The distribution of the matching variables (age, HbA1c 
and ICU length of stay) was similar in the two groups. 
As compared with control group patients, treatment 
group patients were more likely to have cardiovascular, 
renal and/or lung diseases and were more likely to be 
admitted from the emergency department. Treatment 
group patients were more likely to be admitted with sep-
sis whereas cardiovascular, gastrointestinal, and renal 
admission diagnoses were more common in the control 
group. A detailed list of pre-ICU diabetes therapy in 
treatment group patients is provided in Additional file 1: 
Table S1.

Empagliflozin therapy
In the treatment group, the first empagliflozin dose was 
administered after a median (IQR) of 33.9 (15.4–53.6) 
hours after ICU arrival. Empagliflozin was administered 
daily for a median of 5.5 (2.0–9.0) ICU days.

Biochemical outcomes
The median (IQR) maximum absolute increase in blood 
sodium and chloride levels were 3 (1–10) mmol/l and 3 
(2–8) mmol/l in the control group and 9 (3–12) mmol/l 
and 8 (3–10) mmol/l in the treatment group (P = 0.045 
for sodium and P = 0.059 for chloride).

Median absolute changes in aSID, pH, and base excess 
were similar in the two groups (Table 2 and Fig. 1). The 
proportion of patients receiving insulin was higher in the 
treatment group (Fig. 2). However, while this proportion 
increased in the control group over time, a decrease was 
observed after initiation of empagliflozin. Blood glucose 
profiles were similar in the two groups (Fig. 1). Overall, 
four (6%) control group patients and 1 (6%) treatment 
group patient developed hypoglycemia (Table  2). Blood 
β-hydroxybutyrate levels were available in 15 out of 72 
(21%) patients in the control group and in 16 out of 18 
(89%) patients in the treatment group. A total of 93 and 
102 blood ketone measurements were analyzed in the 
control group and treatment group, respectively. Most 
measurements we performed between 4 and 8 am (Addi-
tional file  1: Fig. S2). Approximately half of patients in 
each group developed some degree of ketosis. However, 
marked ketosis or ketoacidosis were rare events (Table 2).

Renal outcomes
The median (IQR) maximum absolute increase in cre-
atinine was 34 (11–97) µmol/l in the control group 
and 21 (0–34) µmol/l in the treatment group (P = 0.17) 
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(Table  2 and Fig.  1). Worsening kidney function 
occurred in 20 (29%) control group patients and 3 
(18%) treatment group patients (P = 0.54). New renal 
replacement therapy was initiated in 13 (19%) con-
trol group patients and 1 (6%) patient in the treat-
ment group (P = 0.28) (Table  2). We observed higher 
daily urine output in the treatment group (P [interac-
tion] < 0.001). We observed a pattern towards greater 
diuretic response to furosemide in the treatment group 
(P [interaction] = 0.08) (Fig. 3).

Infectious outcome
Positive urine cultures were recorded in 9 (13%) control 
group patients and 4 (22%) treatment group patients 
(P = 0.28). Culture findings are presented in Additional 
file 1: Table S2.

Exploratory clinical outcome
Overall, 14 (19%) control group patients and 3 (17%) 
treatment group patients died in hospital (P = 0.79) 
(Table 2).

Table 1 Patient characteristics

Data are presented as median (IQR) for continuous measures, and n/total number with data (%) for categorical measures

HbA1c glycated hemoglobin A1c, ICU intensive care unit, APACHE acute physiology and chronic health evaluation
a Data was missing in 5 patients in the control group
b Patients can have more than one admission diagnosis

Characteristic Control group (n = 72) Treatment group (n = 18) P value

Age, years 66 (59–73) 60 (53–69) 0.15

HbA1c, % 7.7 (6.5–8.5) 7.7 (7.2–9.6) 0.38

ICU length of stay, days 6 (3–10) 8 (4–16) 0.14

Male sex 47/72 (65%) 14/18 (78%) 0.31

Body weight,  kga 87 (72–108) 94 (83–102) 0.31

Comorbidity

 Cardiovascular disease 7/72 (10%) 11/18 (61%)  < 0.001

 Renal disease 0/72 (0%) 4/18 (22%)  < 0.001

 Lung disease 9/72 (12%) 6/18 (33%) 0.034

 Liver disease 9/72 (12%) 2/18 (11%) 0.87

Baseline creatinine, µmol/l 81 (62–142) 98 (88–101) 0.88

Diabetes therapy 0.93

 Insulin only 12/72 (17%) 4/18 (22%)

 Insulin & noninsulin glucose-lowering drugs 17/72 (24%) 4/18 (22%)

 Noninsulin glucose-lowering drugs only 32/72 (44%) 8/18 (44%)

 Diet control only 11/72 (15%) 2/18 (11%)

Location before ICU  < 0.001

 Operating room 44/71 (62%) 4/18 (22%)

 Emergency department 5/71 (7%) 8/18 (44%)

 Ward 17/71 (24%) 5/18 (28%)

 Other hospital 5/71 (7%) 1/18 (6%)

Admission  diagnosisb

 Sepsis 4/72 (6%) 10/18 (56%)  < 0.001

 Cardiovascular 37/72 (51%) 3/18 (17%) 0.008

 Neurological 6/72 (8%) 2/18 (11%) 0.71

 Gastrointestinal 14/72 (19%) 0/18 (0%) 0.042

 Respiratory 7/72 (10%) 4/18 (22%) 0.15

 Trauma 1/72 (1%) 1/18 (6%) 0.28

 Renal 43/72 (60%) 0/18 (0%)  < 0.001

 Hematological 2/72 (3%) 0/18 (0%) 0.47

Mechanical ventilation 53/72 (74%) 15/18 (83%) 0.39

Renal replacement therapy 3/72 (4%) 1/18 (6%) 0.80

Vasopressor infusion 29/72 (40%) 12/18 (67%) 0.044

APACHE III score 60 (42–77) 62 (46–71) 0.94
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Discussion
Key findings
We conducted a pilot case–control study in ICU patients 
with type 2 diabetes treated according to a liberal glu-
cose control protocol to assess the relationship between 
empagliflozin therapy and renal, glycemic, metabolic, 
infectious, and exploratory clinical outcomes. We 
observed increasing blood sodium and chloride levels 
after empagliflozin initiation but no association with 
acid–base status. In keeping with such observations, 
the overall urinary output and diuretic response to furo-
semide appeared greater in the empagliflozin group. A 
numerically lower proportion of patients treated with 
empagliflozin developed worsening kidney function. In 
contrast, a positive urine culture was numerically more 
common after empagliflozin initiation. We observed no 
apparent relationship between empagliflozin treatment 

and hypoglycemia or ketoacidosis. Hospital mortality 
was approximately 20% in both groups.

Relationship with previous studies
To the best of our knowledge, our study is the first to 
assess early physiological, biochemical, and microbio-
logical responses to SGLT2 inhibitors in critically ill 
patients with type 2 diabetes. We observed a gradual 
increase in blood sodium levels after empagliflozin ini-
tiation. This is likely explained by free water loss from 
glucosuria-induced osmotic diuresis. Indeed, in a recent 
study, empagliflozin increased plasma sodium levels by 
10 mmol/l on average after four days in patients with the 
syndrome of inappropriate antidiuresis [16]. A similar 
absolute increase was observed in our study. In addition, 
we observed an almost parallel increase in blood chlo-
ride levels and negligible differences in aSID, pH, and 
base excess trajectories compared to our matched control 

Table 2 Outcomes

Values are median (IQR) or n (%)

aSID abbreviated strong ion difference
a Outcomes in the control group were assessed from ICU admission until ICU discharge
b Outcomes in the treatment group were assessed from empagliflozin initiation until ICU discharge
c Beta-hydroxybutyrate level ≥ 3 mmol/l in combination with bicarbonate level < 15 mmol/l or pH < 7.3
d Doubling of creatinine relative the first creatinine value in ICU (control group) or relative the most recent creatinine value before empagliflozin initiation (treatment 
group) or receipt of new renal replacement therapy
e Patients with renal replacement therapy on admission were excluded from the analysis

Outcome measure Control  groupa (n = 72) Treatment  groupb (n = 18) P value

Maximum increase in blood electrolyte levels

 Sodium, mmol/l 3 (1–10) 9 (3–12) 0.04

 Chloride, mmol/l 3 (2–8) 8 (3–10) 0.052

 Potassium, mmol/l 0.9 (0.3–1.3) 0.7 (0.4–1.4) 0.79

Maximum increase in acid–base parameters

 aSID, mmol/l 5 (2–7) 6 (3–11) 0.26

 pH 0.09 (0.05–0.2) 0.08 (0.05–0.13) 0.28

 Base excess, mmol/l 5 (2–8) 4 (1–6) 0.35

Hypoglycemia (< 4 mmol/l) 4/72 (6%) 1/18 (6%)  > 0.99

Ketosis (Beta-hydroxybutyrate level)

 No ketosis (< 0.6 mmol/l) 7/15 (47%) 9/16 (56%) 0.72

 Mild ketosis (0.6–1.5 mmol/l) 4/15 (27%) 1/16 (6%)

 Moderate ketosis (1.6–2.9 mmol/l) 1/15 (7%) 5/16 (31%)

 Marked ketosis (≥ 3 mmol/l) 3/15 (20%) 1/16 (6%)

Ketoacidosisc 1/15 (7%) 0/16 (0%) 0.48

Renal outcomes

 Maximum increase in creatinine, µmol/l 34 (11–97) 21 (0–34) 0.17

 Worsening kidney  functiond, e 20/69 (29%) 3/17 (18%) 0.54

 Receipt of new renal replacement  therapye 13/69 (19%) 1/17 (6%) 0.28

Infectious outcome

 Positive urine culture (any pathogen) 9/72 (13%) 4/18 (22%) 0.28

Exploratory clinical outcome

 Hospital mortality 14/72 (19%) 3/18 (17%) 0.79
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group. A lack of effect on acid–base status confirms data 
from previous animal experiments [17].

Monotherapy with SGLT2 inhibitors is not associated 
with increased risk of hypoglycemia compared with pla-
cebo [18]. In combination with insulin, this risk is signifi-
cantly increased [19]. Despite a combination of insulin 
and empagliflozin therapy in the treatment group, we 
observed similar hypoglycemia occurrence (6%) in the 
two study groups. Our liberal glucose control protocol 
likely contributed to this low rate of hypoglycemia [14].

Ketosis is common in critically ill patients with type 2 
diabetes on admission to the ICU but typically resolves 

within 24–48 h [15]. In the present study, empagliflozin 
treatment was not associated with greater ketotic bur-
den and no patients developed ketoacidosis. Similarly, 
the occurrence of ketoacidosis was low (0.3%) among 
hospitalized COVID-19 patients randomized to dapagli-
flozin [7]. However, our limited sample size and the fact 
that most patients in the treatment group received insu-
lin should be acknowledged. Additionally, the elimination 
half-life of β-hydroxybutyrate in healthy volunteers is 
only 1–3 h [20]. As we only measured β-hydroxybutyrate 
once daily around the time of empagliflozin administra-
tion, it is possible that we somewhat underestimated 

Fig. 1 Median (IQR) blood gas parameters during 24 h before until 144 h after initiation of empagliflozin therapy (red curves). Minus 24 h data are 
the averages of the measurements obtained 36–24 h before therapy; minus 12 h data are the averages of the measurements obtained 24–12 h 
before therapy; zero hour data are the averages of the measurements obtained 12 h before therapy; twelve hour data are the averages obtained 
during the first 12 h after therapy initiation. In the control group (green lines), time zero was set at 34 h after ICU admission (corresponding to the 
median time between ICU admission and empagliflozin initiation in the treatment group). aSID, abbreviated strong ion difference
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the prevalence of mild to marked ketosis. However, with 
accumulating doses, ketosis would likely be detected 
even with this infrequent sampling strategy.

Despite robust data on nephroprotective effects of 
long-term treatment with SGLT2 inhibitors, there are 
concerns that such therapy may lead to acute kidney 
injury due to reduced plasma volume, an early decline 
in glomerular pressure and GFR via tubulo-glomerular 
feedback activation, and hypoxia in the renal medulla 
[21–23]. However, recent studies refute these concerns. 
For example, in a meta-analysis of placebo-controlled 
trials, allocation to an SGLT2 inhibitor reduced the risk 
of AKI (defined by its specific Medical Dictionary for 
Regulatory Activities Preferred Term) by 23% (95% CI 
19–26%) [1]. In a propensity score matched cohort study 
of elderly patients (mean age 72  years) with type 2 dia-
betes, initiation of an SGLT2 inhibitor was associated 
with reduced risk of hospitalization for AKI (discharge 
diagnosis) compared with dipeptidyl peptidase 4 inhibi-
tors or glucagon-like peptide 1 receptor agonists [24]. 
In a Scandinavian cohort, new use of SGLT2 inhibi-
tors, compared with dipeptidyl peptidase-4 inhibitors, 
was associated with reduced risk of serious renal events 
(RRT, death from renal causes, or hospitalization for 
renal events) (adjusted HR 0.42, 95% CI 0.34–0.53) [25]. 
In 1250 acutely ill patients with COVID-19, dapagliflozin, 

compared with placebo, resulted in numerically fewer 
events of worsening kidney function (doubling of serum 
creatinine or initiation of RRT) within 30 days (HR 0.65, 
95% CI 0.38–1.10) [7]. In line with the above observa-
tions, our data suggest that treatment with empagliflozin 
is not associated with an early decline in kidney function 
in critically ill patients.

Evidence regarding risk of severe urinary tract infec-
tions with SGLT2 inhibitors are conflicting but most 
reports conclude that such events are rare [4]. Most ICU 
patients have an indwelling urinary catheter, which pre-
disposes to asymptomatic bacteriuria. We observed a 
numerically higher rate of positive urine cultures in our 
empagliflozin treated patients but a similar rate of Can-
dida albicans isolation. The clinical significance of this 
finding, however, is uncertain.

Study implications
We have provided preliminary evidence of the effects 
and possible side effects of empagliflozin therapy in 
critically ill patients with type 2 diabetes exposed to per-
missive hyperglycemia. Our findings imply that empagli-
flozin likely increases free water clearance and increases 
loop-diuretic responsiveness. The clinical significance of 
the observed increase in sodium and chloride remains 
uncertain. If they increase in similar proportions, which 

Fig. 2 Percentage of control group patients receiving insulin (left panel) and percentage of empagliflozin treated patients receiving insulin (right 
panel) during the first week in ICU. In control group patients, day zero is the day of ICU arrival. In treatment group patients, day zero is the day when 
empagliflozin treatment was initiated
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appears to be the case, there would be no effect on acid 
base status. This is confirmed by our additional analy-
sis of strong ion difference, base excess, and pH trajec-
tories. Observational data suggest that hyperchloremia 
is associated with acute kidney injury development 
[26]. This is not supported by our data, which showed a 
numerically lower incidence of worsening kidney func-
tion in the treatment group. Yet, clinicians should be 
aware of the effect of empagliflozin on free water clear-
ance and corresponding changes in sodium and chloride 
and should consider minimizing the content of these 
solutes in administered fluids. Within the limitations of 
small numbers, our findings also imply that empagliflozin 
therapy in the ICU might reduce insulin requirements 
without inducing ketoacidosis. The majority (> 80%) of 
treatment group patients received insulin at the time of 
empagliflozin initiation. As insulin suppresses lipolysis 
and ketogenesis, early ketoacidosis was not expected in 
this group. However, our data implies that continuing 
empagliflozin therapy may not lead to delayed ketoacido-
sis despite gradual weaning from insulin therapy. At least 

during exposure to permissive hyperglycemia, the com-
bination of empagliflozin and insulin does not appear 
to increase the risk of hypoglycemia. Furthermore, our 
results do not support the view that SGLT2 inhibitors 
result in acutely decreased kidney function. Finally, our 
data support further cautious assessment of the safety 
and efficacy of SGLT2 inhibitors in the ICU setting in 
randomized controlled trials.

Strengths and limitations
Our study has limitations. It is not a randomized 
controlled trial. Furthermore, the treating staff was 
unblinded to β-hydroxybutyrate levels and empagliflozin 
treatment. This could potentially have biased insulin dos-
ing decisions. Although cases and controls were matched 
on age, HbA1c, and ICU length of stay, they differed sig-
nificantly with respect to other baseline characteristics. 
For example, treatment group patients were less likely to 
be admitted from the operating room and more likely to 
be admitted from the emergency department, represent-
ing subgroups with different risk of ketoacidosis devel-
opment. The limited sample size prevented adjustment 
of potential confounders in the analyses. However, our 
exploratory analysis is an important first step to inform 
and justify the cautious step-by-step conduct and design 
of future trials. Patients were exposed to a liberal glucose 
control strategy. Our findings should, therefore, not be 
generalized to ICU patients managed according to more 
strict blood glucose control protocols.

Conclusions
In our exploratory pilot cohort of ICU patients with 
type 2 diabetes managed according to a liberal glucose 
control protocol, treatment with empagliflozin reduced 
insulin requirements and was associated with a signifi-
cantly greater increase in sodium and chloride levels and 
urinary output. Empagliflozin therapy was not associ-
ated with hypoglycemia, ketoacidosis, worsening kidney 
function, or a statistically significant increase in bacteriu-
ria. These findings provide the basis for further cautious 
investigation of this intervention in critically ill patients.
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AKI  Acute kidney injury
aSID  Abbreviated strong ion difference
CI  Confidence interval
COVID-19  Coronavirus disease-19
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the denominator. P values represent the interaction between group 
and time on generalized linear mixed modeling
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